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SYMBOLIC LANGUAGE DATA PROCESSING
SYSTEM

This application is a continuation of application Ser.
No. 450,600, filed 12/17/82, now abandoned.

BACKGROUND OF THE INVENTION

The present invention relates to a data processing
system which is programmable in a symbolic processing
language, in particular LISP.

LISP is a computer programming language which
originated as a tool to facilitate Artificial Intelligence
research. Artificial Intellignce is a branch of computer
science that seeks to understand and model intelligent
behavior with the aid of computers. Intelligent behavior
involves thinking about objects in the environment,
how objects relates to each other, and the properties
and uses of such objects. LISP is designed to facilitate
the representation of arbitrary objects and relationships
among them. This design is to be contrasted with that of
other languages, such as FORTRAN, which are de-
signed to facilitate computations of the values of alge-
braic formulae, or COBOL, which is designed to facili-
tate processing the books and records of businesses.

The acronym “LISP” stands for “List Processing
Language”, as it was dubbed when Professor John Mc-
Carthy of MIT (now of Standford University) invented
LISP in the 1950’s. At that time, the notion of represent-
ing data objects and complex relations beween them by
“lists” of storage locations was novel. LISP’s motion of
“object” has been incorporated into many subsequent
languages (e.g., SIMULA 67), but management believes
that LISP and the languages derived from it are the first
choice of Artificial Intelligence researchers all over the
world.

LISP also facilitates the modeling of procedural
knowledge (i.e., “how to do something” as opposed to
“what something is”). All procedural knowledge is
expressed as “functions”, computational entitites which
“know how” to perform some speciifc action or compu-
tation upon supplied objects.

Although the text of LISP functions can be from one
line to several thousand lines long, the language imposes
no penalty for dividing a program into dozens of hun-
dreds of functions, each one the “expert” in some spe-
cific task. Thus, LISP facilitates “modularity”, the
clean division of a program into unique areas of respon-
sibility, with well-defined interaction. The last twenty
years of experience in the computer science community
has established the importance of modularity for cor-
rect program operation, maintenance and intelligibility.

LISP also features “extensible syntax or notation”.
This means that language constructs are not limited to
those supplied, but can include new constructs, defined
by the programmer, which are relevant to the problem
at hand. Defining new language constructs does not
involve modification of the supplied software, or exper-
tise in its internal detals, but is a standard feature of the
language available to the applications (and systems)
programmer, within the grasp of every beginner.
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Through this feature, LISP can incorporate new devel-
opments in copmuter science.

LISP frees programmers from the responsibility for
the detailed management of memory in the computer.
The common FORTRAN and PL/I decisions of how
big to make a given array or block of memory have no
place in LISP. Although it is possible to construct fixed-
size arrays, LISP excels in providing facilities to repre-
sent arbitrary-size objects, set of unlimited numbers of
elements, objects concerning which the number of de-
tails or parameters is totally unknown, and so forth.
Antiquated complaints of computers above fixed-size
data stores (“ERROR, 100 INPUT ITEMS EX-
CEEDED”) are eliminated in systems written in LISP.

LISP provides an “interactive environment”, in
which all data (knowledge about what things are and
how they are) and functions (knowledge about how to
do things) co-exist. Data and functions may be in-
spected or modified by a person developing a program.
When an error is discovered in some function or data
object, this error may be corrected, and the correction
tested, without the need for a new “run”. Correction of
the error and trial of the repair may sometimes be ac-
complished in three keystrokes and two seconds of real
time. It is LISP’s notion of an interactive environment
which allows both novices and experts to develop mas-
sive systems a layer at a time. It has been observed that
LISP experts enter programs directly without need for
“coding sheets” or “job decks”; the program is written,
entered, and debugged as one operation. Functions can
be tested as they are wriiten and problems found. The
computer becomes an active participant in program
development, not an adversary. Programs developed in
this way build themselves from the ground up with
solid foundations. Because of these features, LISP pro-
gram development is very rapid.

LISP offers a unique blend of expressive power and
development power. Current applications of LISP span
a broad range from computer-aided design systems to
medical diagnosis and geophysical analysis for oil ex-
ploration. Common to these applications is a require-
ment for rapidly constructing large temporary data
structures and applying procedures to such structures (a
data structure is complex configuration of computer
memory representing or modeling an object of interest).
The power of LISP is vital for such applications.

Researchers at the M.I.T. Artificial Intelligence Lab-
oratory initiated a LISP Machine project in 1974 which
was aimed at developing a state-of-the art personal
computer design to support programmers developing
complex software systems and in which all of the sys-
tem software would be written in LISP.

The first stage of the project, was a simulator for a
LISP machine written on a timeshared computer sys-
tem. The first generation LISP machine, the CONS,
was running in 1976 and a second generation LISP
Machine called the CADR incorporated some hard-
ware improvements and was introduced in 1978, replac-
ing the CONS. Software development for LISP ma-
chines has been ongoing since 1975. A third generation
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3
LISP machine, the LM-2 was introduced in 1980 by
Symbolics, Inc.

The main disadvantages of the aforementioned prior
art LISP machines and of symbolic language data pro-
cessing systems in general, is that the computer hard-
ware architecture used in these systems was originally
designed for the more traditional software languages
such as FORTRAN, COBAL, etc. As a result, while
these systems were programmable in symbolic lan-
guages such as LISP, the efficiency and speed thereof
were considerably reduced due to the inherent aspects
of symbolic processing language as explained hereinbe-
fore.

SUMMARY OF THE INVENTION

The main object of the present invention is to elimi-
nate the disadvantages of the prior art data processing
systems which are programmable in symbolic languages
and to provide a data processing system whose hard-
ware is particularly designed to be programmable in
symbolic languages so as to be able to carry out data
processing with an efficiency and speed heretofore un-
attainable.

This and other objects are achieved by the system
according to the present invention which is preferably
programmable in symbolic languages and most advanta-
geously in Zetalisp which is a high performance LISP
dialect and which is also programmable in the other
traditional languages such as FORTRAN, COBAL etc.

The system has many features that make it ideally
suited to executing large programs which need high-
speed object-oriented symbolic computation. Because
the system hardware and firmware were designed in
parallel, the basis (macro)instruction set of the system in
very close to pure Lisp. Many Zetalisp instructions
execute in one microcycle. This means that programs
written in Zetalisp on the system execute at near the
clock rate of the processor.

The present invention is not simply a speeded-up
version of the older Lisp machines. The system features
an entirely new design which results in a processor
which is extremely fast, but also reboust and reliable.
This is accomplished through a myriad of automatic
checks for which there is no user overhead.

The system processor architecture is radically differ-
ent from that of conventional systems and the features
of the processor architecture include the following:

Microprogrammed processor designed for Zetalisp

32-bit data paths

Automatic type-checking in hardware

Full-paging 256 Mword (1 GByte) virtual memory

Stack-oriented architecture

Large, high-speed stack buffer with hardware stack

pointers

Fast instruction fetch unit

Efficient hardware-assisted garbage-collection

Microtasking

5M words/sec data transfer rate

The system according to the present invention com-
prises a sequencer unit, a data path unit, a memory
control unit, a front-end processor, an I/0 and a main
memory connected on a common Lbus to which other
peripherals and data units can be connected for inter-
communication. The circuitry present in these afore-
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mentioned elements and the firmware contained therein
achieved the objects of the present invention. In partic-
ular, the novel areas of the system include the Lbus, the
synergistic combination of the L-bus, microtasking,
centralized error correction circuitry and a synchro-
nous pipelined memory including processor mediated
direct memory access, stack cache windows with two
segment addressing, a page hash table and page hash
table cache, garbage collection and pointer control, a
close connection of the macrocode and microcode
which enables one to take interrupts in and out of the
macrocode instruction sequences, parallel data type
checking with tagged architecture, procedure call and
microcode support, a generic bus and a unique instruc-
tion set to support symbolic language processing.

The stack caching feature of the present invention is
carried out in the memory controller which comprises
means for effecting storage of data of at least one set of
contiguous main memory addresses in a buffer memory
which stores data of at least one set of contiguous main
memory addresses and is accessible at a higher speed
than the main memory. The memory controller also
comprises means for identifying those contiguous ad-
dresses in main memory for which data is stored in the
buffer memory and means receptive of the memory
addresses for directly going to the buffer memory and
not through the main memory when the identifying
means identifies the address as being in the set of contig-
uous addresses or for going directly to the main mem-
ory and not through the buffer memory when the iden-
tifying means idenifies the address as not being in the set
of contiguous memory addresses.

The central processor of the system which operates
on data and produces memory addresses, has means for
producing a given memory address corresponding to a
base pointer and a selected offset from the base pointer
and means for arithmetically combining the given ad-
dress and offset prior to applying same to the addressing
means. Further, the central processing means produces
the base pointer and offset in one timing cycle and arith-
metically combines the base pointer and offset in the
same timing cycle in a preferred manner by providing a
arithmetic logic unit which is dedicated solely to this
function.

Moreover, the addressing means advantageously
comprises means for converting the addresses from the
cpu to physical locations in main memory by using the
same circuitry as the identifying means.

Further, in order to more efficiently carry out these
functions, the cpu has means for liming the offset from
the base pointer to within a preselected range and for
insuring that the arithmetic combination of the base
pointer and offset fall within at least one set of memory
addresses. This is advantageously carried out in the
compiler which compiles the symbolic processing lan-
guage into sequences of macrocode instructions.

The parallel data type checking and tagged architec-
ture is achieved by providing the main memory with the
ability to store data objects, each having an identifying
type field. Means are provided for separating the type
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field from the remainder of each data object prior to the
operation on the data object by the cpu. In parallel with
the operation on the data object, means are provided for
checking the separated type field with respect to the
operation on the remainder of the associated data object
and for generating a new type field in accordance with
that operation. Means thereafter combine the new type
field with the results of the operation. This system par-
ticularly advantageously executes each operation on the
data object in a predetermined timing cycle and the
separating means, checking means and combining
means act to separate, check and combine the new type
field within the same timing cycle as that of the opera-
tion. The system also is provided with means for inter-
rupting the operation of the data processor in response
to the predetermined type field that is generated to go
into a trap if the type field that is generated is in error or
needs to be altered, and for resuming the operation of
the data processor upon alteration of the type field.

The page hash table feature is carried out in the sys-
tem wherein the main memory has each location de-
fined by a multi-bit actual address comprising a page
number and an offset number. The cpu operates on data
and stores data in the main memory with an associated
virtual address comprising a virtual page number and an
offset number. The page hash table feature is used to
convert the virtual address to the actual address and
comprises means for performing a first hash function on
the virtual page number to reduce the number of bits
thereof to form a map address corresponding to the
hashed virtual page number, at least one addressable
map converter for storing the actual page number and
the virtual page number corresponding thereto in the
map address corresponding to the hashed virtual page
number and means for comparing the virtual page num-
ber with the virtual page number accessed by the map
address whereby a favorable comparison indicates that
the stored actual page number is in the map converter.
Means are also provided for performing a second hash
function on the virtual page number in paralell with that
of first hash function and conversion and means for
applying the accessed actual page number and the origi-
nal offset number to the main memory when there is a
favorable comparison and for applying the second
hashed virtual page number to the main memory when
the comparison is unfavorable.

In a particularly advantageous embodiment, the con-
verting means comprises at least two -addressable map
converters each receptive of the map address corre-
sponding to the first hashed virtual page number and
means responsive to an unfavorable comparison from
all converters for writing the virtual page number and
actual page number at the map address in the least re-
cently used of the at least two map converters.

In the event that the first and second hashed ad-
dresses do not locate the address, the main memory has
means defining a page hashed table therein addressable
by the second hashed virtual page number and a second-
ary table for addresses. The cpu is responsive to mac-
rocode instructions for executing at least one microcode
instruction, each within one timing cycle and wherein
the converting means comprises means responsive to
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6
the failure to locate the physical address in the page
hash table for producing a microcode controlled look-
up of the address in the secondary table.

A further back-up comprises a secondary storage
device, for example a disk and wherein the main mem-
ory includes a third table of addresses and the second-
ary storage device includes a fourth table of addresses.
The converting means has means responsive to the
failure to locate the address in the secondary table for
producing a macrocode controlled look-up of the ad-
dress in the third table of main memory and then the
fourth table if not in the third table, or indicating an
error if it is not in the secondary storage device. An-
other feature provides means for entering the address in
all of the tables where the address was not located.

The hardware support for the key feature of the close
interrelationship between the microcode and mac-
rocode comprises an improvement in the cpu wherein
means are provided for defining a predetermined set of
exceptional data processor conditions and for detecting
the occurrence of these conditions during the execution
of sequences of macrocode instructions. Means are re-
sponsive to the detection of one of the conditions for
retaining a selected portion of the state of the data pro-
cessor at the detection to permit the data processor to
be restarted to complete the pending sequence of mac-
rocode instructions upon the removal of the detected
condition. Means are also provided for initiating a pre- -
determined sequence of macrocode instructions for the
detected condition to remove the detected condition
and restore the data processor to the pending sequence
of macrocode instructions. In a particularly advanta-
geous embodiment, the means for initiating comprises
means for manipulating the retained state of the data
processor to remove the detected condition and means
for regenerating the nonretained portion of the state of
the data processor.

The cpu has means for executing each macrocode
instruction by at least one microcode instruction and the
means defining the set of conditions and for detecting
same comprises means controlled by microcode instruc-
tions. Moreover, the means for retaining the state of the
data processor comprises means controlled by micro-
code instructions and the means for initiating the prede-
termined sequence of macrocode instructions comprises
means controlled by microcode instructions.

Another important feature of the present invention is
the unique and synergistic combination of the Lbus, the
microtasking, the synchronized pipelined memory and
the centralized error correction circuitry. This combi-
nation is carried out in the system according to the
present invention with a cpu which executes operations
on data in predetermined timing cycles which is syn-
chronous with the operation of the memory and at least
one peripheral device connected on the Lbus. The main
memory has means for initiating a new memory access
in each timing cycle to pipeline data therein and there-
out and the cpu further comprises means for storing
microcode instruction task sequences and for executing
a microcode instruction in each timing cycle and means
for interrupting a task sequence with another task se-
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quence in response to a predetermined system condition
and for resuming the interrupted task sequence when
the condition is removed. The Lbus is a multiconductor
bidirectional bus which interconnects the memory, cpu
and peripherals in parallel and a single centralized error
correction circuit is shared by the memory, cpu and
peripherals. Means are provided for controlling data
transfers on the bus in synchronism with the system
timing cycles to define a first timing mode for communi-
cation between the memory and cpu through the cen-
trallized error correction circuit and a second timing
mode for communication between the peripheral device
and the cpu and thereafter the main memory through
the centrailized error correction circuit. In accordance
with this combination of features, data is stored in main
memory from a peripheral and data is removed from
main memory for the peripheral at a predetermined
location which is based upon the identification of the
peripheral device. Moreover, the cpu has means for
altering the state of the peripheral device from which
data is received, depending upon the state of the system.

The feature of the generic bus is provided to enable
the system according to the present invention, having
the cpu in main memory connected by a common sys-
tem bus to which input and output devices are connect-
able, to communicate with other peripherals and com-
puter systems on a second bus which is configured to be
generic by providing first interfacing means for con-
verting data and control signals between the system bus
and the generic bus formats to effect transmission be-
tween the system bus and the generic bus and second
interfacing means connected to the generic bus for con-
verting data and control signals between the generic bus
and a selected external bus format to permit data and
control signal transmissions between the system bus and
the peripherals of the selected external bus type. A key
feature of this generic bus is that the first interfacing
means converts data and control signals independently
of the external bus that is selected. Thus the first inter-
facing means includes means for converting the control
signals and address of an external bus peripheral from
the system bus format to the generic bus format inde-
pendently of the control signal and address format of
the external bus.

The pointer control and garbage collection feature
associated therewith is carried out by means for divid-
ing the main memory into predetermined regions,
means for locating data objects in the regions and means
for producing a table of action codes, each correspond-
ing to one region. A generated address is then applied to
the table in parallel with the operation on that address
to obtain the action code associated therewith and
means are provided which are responsive to the action
code for determining, in parallel with the operation on
the address, if an action is to be taken. In a particular
advantageous embodiment, the action code is obtained
and the response thereto is determined within the same
timing cycle as that of the operation on the address.
This is done by controlling the determining means by
microcode instructions.

The cpu includes means for executing a sequence of
macrocode and microcode instruction sequences to

5

20

25

45

55

65

8

effect garbage collection in the system by determining
areas of memory to be garbage collected and wherein
the means for producing the action code table produces
one action code which initiates the garbage collection
sequences. In accordance with the invention, the gar-
bage collection is effected by means for examining the
data object at a generated address to see if it was moved
to a new address, means for moving the data object to a
new address in a new region if it was not moved, means
for updating the data object at the generated address to
indicate that it was moved, and means for changing the
generated address to a new address if and when the data
object is moved and for effecting continuation of the
operation on the data object of the generated address.

The system according to the present invention pro-
vides hardware support for garbage collection which
enables it to carry out this garbage collection sequence
in a particularly efficient manner by dividing the main
memory into pages and providing storage means having
at least one bit associated with each page of memory.
The given address is thereafter located in a region of
memory and means are provided for entering a code in
the at lest one bit for a given page in parallel with the
locating of the address in a region of memory to indi-
cate whether an address therein is in a selected set of
regions in memory.

This means for entering the code comprises means for
producing a table of action codes each corresponding to
one region of memory. An address is applied to the
table and parallel with the locating thereof and means
are provided for determining if the address is in one of
the selected set of regions in response to its associated
action code. The garbage collection is effected in the set
of memory regions by reviewing each page and means
sense the at least one bit for each memory page to en-
able the reviewing means to skip that page when the
code is not entered therein.

The bus system in accordance with the present inven-
tion is another feature of the present invention which, in
the context of the system according to the present in-
vention includes the data processor alone, the data pro-
cessor in combination with peripherals and peripheral
units which have the means for communicating with the
data processor on the Lbus. The data processor includes
bus control means for effecting all transactions on the
bus in synchronism with the data processor system
clock and with a timing scheme including a request
cycle comprising one clock period wherein the central
processor produces a bus request signal to effect the
transaction and within the same clock period puts the
address data out on the bus. The request cycle is fol-
lowed by an active cycle comprising at least one next
clock period wherein the peripheral unit is accessed.
The active cycle is followed by a data cycle comprising
the next clock period and wherein data is placed on the
bus by the peripheral unit. The bus control means also
has means defining a block bus transaction mode for
receiving a series of data request signals from the cen-
tral processor in consecutive clock periods and for
overlapping the cycles of consecutive transactions on
the bus.
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The Lbus control according to the present invention
also has means for executing microdirect memory ac-
cess transfer to achieve communication between a pe-
ripheral device and the cpu and thereafter the main
memory. In a particularly advantageous embodiment of
the present invention, a single centralized error correc-
tion circuit is shared by the memory, central processor
and peripheral device and all data transfers over the bus
are communicated through the single centralized error
correction circuit.

Thus, a data unit for use with a data processing sys-
tem according to the present invention has means
therein which is responsive to a transaction request
signal on the bus for receiving address data in a request
cycle comprising one system clock period, means for
accessing address data in an active cycle comprising at
least one system clock period and for producing a
weight signal when more than one system clock period
is necessary and means for applying data to the busin a
data cycle comprising the next system clock period.
The data unit also may comprise means for receiving
request signals in consecutive clock periods and for
overlapping the request, active and data cycles for con-
secutive transactions.

A data unit in accordance with the present invention,
is also able to effect data transfers on the bus in synchro-
nism with the system timing cycle under microcode
control to effect a micro DMA data transfer.

These and other objects, features and advantages of
the present invention are achieved in accordance with
the method and apparatus of the present invention as
disclosed in more detail hereinafter with regard to the
attached appendix including a microcode listing, a lis-
ting of the microcode bits, the microcode compiler, the
front end processor program, a summary of the list
implementation language and listings of the program
array logic devices referred to in the attached system
drawings, wherein:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a block diagram of the system according to
the present invention;

FIG. 2 is a block diagram of the sequencer of FIG. 1;

FIG. 3 is a block diagram of the data path of FIG. 1;

FIG. 4 is a schematic of the data path data type tag
circuitry;

FIG. 5 is a schematic of the data path garbage collec-
tion circuitry;

FIG. 6 is a schematic of the data path trap control
circuitry;

FIG. 7 is a block diagram of the memory control of
FIG. 1;

FIG. 8 is a data path diagram of the memory control
instruction fetch unit;

FIG. 9is a block diagram of the memory control map
circuitry;

FIGS. 10-23 are a schematic of a 512 K memory card
according to FIG. 1.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1is a block diagram of the system according to
the present invention. As shown therein, the basic sys-
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tem of the present invention includes a sequencer SQ, a
data path unit DP, a memory controller MC, a front end
processor FEP an I/0 unit and the main memory all
connected in parallel on a common bus called the Lbus.
As is also shown therein, other devices such as periph-
erals and the like can be connected in parallel along the
Lbus.

The basic system includes a processor cabinet having
reserved, color-coded slots are provided on the L bus
backplane for the DP-ALU, SQ, FEP, IO and IFU-
MEM boards. The rest of the backplane is undedicated,
with 14 free 36 bit slots on the basic system. Plugging a
memory board into an undedicated slot sets the address
of that board. There are no switches on the boards for
this purpose. For diagnostic purposes, the FEP can
always tell which board is plugged into what slot it can
even tell the serial number of the board.

No internal cables are used in the system. All board-
level interconnections are accomplished through the
backplane. An external cable is provided for connecting
a console to the processor cabinet.

While the system according to the present invention
is physically configured by components in the manner
set forth in FIG. 1, many of the novel features of the
system have elements thereof on one or more of the
system components. Thus the system components will
be described with respect to the function of the detailed
circuitry contained therein followed by the operation of
the system features in terms of these circuit functions.

SEQUENCER

The sequencer is shown in block diagram form in
FIG. 2.

The sequencer controls the operation of the machine,
that is, it implements the microtasking. In carrying this
out, it utilizes an 8K X 112 microcode control memory.

Each 112-bit microcode instruction specifies two
32-bit data sources from a variety of internal scratchpad
registers. There is normally no need for one to write
microprograms, since many Zetalisp instructions are
executed in one microcycle.

The system micromachine is time-division multi-
plexed. This means that the processor performs house-
keeping operations such as driving the disk in addition
to executing macroinstructions. This has the advantage
of providing a disk controller and other microtasks with
the full processing capability and temporary storage of
the system micromachine. The close coupling between
the micromachine and the disk controller has been
proven to be a powerful feature.

Up to eight different hardware tasks can be activated.
Control of the micromachine typically switches from
one task to another every few microseconds. The fol-
lowing other tasks run in the system:

Zetalisp emulator task—executes instructions

Disk transfer task—fetches data from main memory
and loads the disk shift-register; handles timing and
control for the disk sequencing.

Ethernet handshaking and protocol encoding and
decoding, where Ethernet is a local-area-network
for communication between computer systems and
peripherals, and their users. The physical structure
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of the Ethernet is that of a coaxial cable connecting
all the nodes on the network.

The FEP and microdevices (i.e., those devices ser-
viced by microcode, such as the disk controller and the
Ethernet controller) can initiate task switches on their
own behalf. The task priority circuitry on the sequencer
board determines the priority of the microtasks. Multi-
ple microcontexts are supported, eliminating the need
to save a microtask’s context before switching to an-
other.

More specifically, the sequencer includes tasks state
capture circuitry, task state memory for storing the
tasks state, a task state parity, a task memory output
register and a task priority circuit which determines the
priority of 16 tasks which are allocated as follows:

Tasks 8~15 DMA or 1/0 tasks. Assigned to devices
during boot time wakeup requests come from
open-collector bus lines.

Task 7 Not used. The task state memory for this task
is available for the FEP to clobber for debugging
purposes. The only way this can become the cur-
rent task is by the FEP forcing it.

Tasks 1, 2, 5, 8 Software. Wakeup requests are in a
register; bit n can be set by doing a special function.
One of these tasks is the background service task
for all DMA tasks (set up next address and word
count); the others remain unassigned.

Task 4 Low-speed devices; wakeup request from
open-collector bus line.

Task 3 FEP service (wakeup settable by FEP)

Task 0 Emulator, Wakeup request is always true.

DMA tasks normally only run for 2 cycles per
wakeup. The first cycle emits the physical address from
A memory, increments it, does DISMISS, and skims on
a condition from the device (e.g. error or end of
packet). The second cycle decrements the word count
and skips on the result (into either the normal first cycle
or a “last” first cycle). The data transfer between device
and memory takes place over the Lbus under control of
the memory control. The “last” first cycle is the same as
normal, but its successor sets a “done” flag and wakes
up the background service task. It also turns off wake-
up-enable in the device so more transfers don’t try to
happen until the next DMA operation is set up. For
some devices there is double buffering of DMA ad-
dresses and word counts, and there are two copies of
the DMA microcode; each jumps to the other when its
word count is exhaunsted. Processing by the background
service task is interruptible by DMA requests for other
devices.

Tasks 1, 2, 5, 6, the software requested tasks, are only
useful as lowered-priority continuations of higher-pri-
ority tasks. They would not normally be awakened by
the Emulator (although START-1/0 would do that).

Wakeup requests for the hardware tasks (8-15) are
open-collector lines on the bus. These are totally unsyn-
chronized. Each device has a register which contains a
3-bit task number and 1-bit tasking-enable; task numbers
are assigned to devices according to the desired prior-
ity. A wakeup in the absence of enable is held until
enable is turned on. Once a device has asserted its
wakeup request, it should remain asserted (barring
changing of enable or the assigned task number) until
the request is dismissed. The request must then drop an
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adequate time before the end of that microinstruction
cycle, so that 2 cycles later it will be gone from the
synchronizer register and the task will not wake up
again.

Delay from wakeup request to clock that finishes the
first microinstruction of service is 4 to 5 cycles (or about
a microsecond) if this is the highest priority task and no
tasking-inhibit occurs. Really high speed devices may
set their wakeup request 600 ns early. The processor
synchronizes and priority-encodes the wakeup requests
and

Dismissing is different for hardware and software
tasks. When a hardware task is dismissed it executes one
additional microinstruction when a software task is
dismissed it executes two additional microinstructions.
The hardware task timing is necessary so that a DMA
task can wake up and run for only two cycles.

If a dismiss is done when a task switch has already
been committed, such that the microinstruction after
the dismiss is going to come from a different task, then
the machine goes ahead and dismisses. This means that
the succeeding microinstruction, which would nor-
mally be executed immediately, will not be executed
until the next time the task wakes up. This does not
apply to a task which dismisses as soon as it wakes up,
such as a typical DMA task; since a task will not be
preempted by a higher-priority task immediately after a
task switch, when a task wakes up it is always guaran-
teed to run for at least 2 cycles.

Task-switch timing/sequencing is as follows:

First cycle, first half:

Prioritize synchronized task requests. Hardware task
requests are masked out of the priority encoder if
they are being dismissed this cycle.

First cycle, second half:

Selected task to NEXT NEXT TASK lines. If this
differs from current task, NEXT TASK SWITCH
asserted. Fetch state of selected task into TASK
CPC, TASK NPC, TASK CSP registers. Just
before clock, decide whether to really switch tasks
or to stay in the same task, in which case the TASK
CPC, etc. registers don’t matter, and NEXT
TASK SWITCH is turned off.

Second cycle, both halves:

TASK SWITCH asserted. TASK CPC selected onto
CMEM A: fetch first microinstruction and new
task. TASK NPC selected into NPC register. CPS
gets CMEM A which is TASK CPC. TSKC regis-
ter gets NEXT CPC, NEXT NPC, NEXT CSP,
and CUR TASK lines. NEXT TASK lines have
new task number.

Second cycle, second half:

Control-stack addressed by NEXT TASK and
TASK CSP: CTOS gets top of new stack (unless
switching to emulator and stack empty, gets IFU in
that case). CSP gets TASK CSP.

Third cycle, both halves:

Execute first microinstruction of task. Fetch second
microinstruction of task. If only waking up for 2
cycles (dismiss is asserted), choose next task this
cycle (line first cycle above).

Third cycle, first half:
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Task memory written from TSKC (save state of old
task). Address is TSKM WA which got loaded
from CUR TASK during second cycle.

Fourth cycle:

Execute second microinstruction of task. If only
woke up for 2 cycles, TASK SWITCH is asserted
and we do not choose another new task this cycle.

Another feature of the sequencer circuitry is trap
addressing. The sources of traps are mostly on the data
path board, with the memory control providing the
MAP MISS TRAP. Slow jumps all come from the data
path board. The sequencer executes normally if no trap
or slow jump condition is present. With regard to the
trap address interpretation:

Bit 12 is the skip bit; Bits 8~11 are the dispatch bits.
Bits 0-7 are capable of incrementing. Thus each macro-
instruction gets 4 consecutive control-memory loca-
tions; although there is a next-address field in the micro-
instruction. It is used for many things and so consecu-
tive addressing is often important. It is also possible for
most macroinstructions to skip into their consecutive
addresses (except for the small opcodes where this con-
flicts with a wired-in trap address).

In order to do a dispatch, it is nexessary to find a
block of 16 locations (in bits 8-11) which are not in use:
this is done either by finding a block of opcodes that
don’t use all 4 of their consecutive locations, or by
turning on bit 12 (there are a few dispatches that skip at
the same time).

Each task gets 16 locations of control-stack since
adders and multiplexors come in 4-bit increments. The
CADR doesn’t use the top half of its 32-location stack
much. Really only 15 locations of control-stack may be
used, because the memory is written on every cycle
whether or not you PUSHJ.

The CSP register always points at the highest valid
location in the stack. Thus it contains 17 when the stack
is empty. We do write-before-read rather than read-
before-write on this machine, however there is pipelin-
ing through the CTOS register. In fact a 1-instruction
subroutine will work.

When the emulator stack is empty (CSP-17 and the
emulator task is in control), there is an “extra” stack
location which contains the next-instruction address
from the IFU. POPJing to this location generates the
NEXT INST signal and refrains from decrementing the
stack pointer (leaves it 17 rather than making it 16).
NEXT INST tells the IFU to advance and does one or
two other random things (it clears the stack-adjustment
counter in the data path).

In the first half of each cycle, NPC is written into the
next free location (for the current task) in the control-
stack. This is 1+ the location CSP points at. NPC usu-
ally contains 1+ the control-memory address from
which the currently-executing microinstruction came.

In the second half of each cycle, the top of the con-
trol-stack is read into the CTOS register. In the next
cycle, CTOS and CSP will agree with each other.
When switching tasks, we read from the new task’s
stack.

Note that what happens when we POPJ, results from
the pipelining. In the cycle before the PIPJ, the subrou-
tine return address (or IFU next-instruction address)
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was read into the CTOS register; this came from the
stack location pointed to by CSP if the previous cycle
did not PUSHJ or POPJ. Now when we POPJ we
decrement CSP and read the next lower subroutine
return address into CTOS, in case the next cycle also
POPJs. When POPJ goes to the next macroinstruction,
CSP is not decremented and CTOS is loaded with the
address for the macroinstruction after that.

Trapping forces a “PUSHJ” so that NPC gets saved.
Slow-jump does the same, whether or not you wanted
it. If we trap out of a POPJ, we change our mind and
increment CSP rather than decrementing it. CTOS gets
loaded with the NPC that we saved.

The control stack may be popped without jumping to
it by specifying POPJ but not specifying for the control-
memory address to come from CTOS.

To sum up what happens on the NEXT CSP lines,
which are both the input to the CSP register and the
address for control-memory, we first ignore tasking to
keep things simple:

In the first half of each cycle, NEXT CSP contains
CSP-+1.

In the second half of each cycle, NEXT CSP contains
CSP normally, but contains CSP-1 in the event of a
POPJ or CSP +1 in the event of a PUSHJ. A POPJ that
causes NEXT INST generates CSP rather than CSP-1.
A trap or slow jump generates CSP+ 1, like PUSHJ.

The first half is a write and the second half is a read.

In the first half of each cycle, the high bits are the
current task; in the second half the high bits are the next
task and the low bits may get swapped with the next
task’s CSP.

When pclsring out of a trapped instruction, it is neces-
sary to set the CSP back to —1. This is done by using
the -CTOS CAME FROM IFU skip condition, which
is true when CSP-1 and this is the emulator task. One
can POPJ (without using the CTOS as the microin-
struction address source) until this condition becomes
true.

TABLE 1
Microcode Control of Sequencer
U SEQ <1:0>

0 no function

1 pushj (i.e. increment CSP)

2 dismiss current task

3 popj (i.e. decrement CSP)

This field is effectively forced to O when the sequencer is stopped,
and forced to | when a trap or slow jump is taken.

U CPC SEL <1:0>

Selects address from which next microinstruction will be taken,
except for bit 12 which may be selected from -COND (skip).

0 NAF (next-address-field of current instruction)

1 CTOS (control-stack or IFU, normally used together with POPY)
2 NPC (take-dispatch, restore from trap)

3 (spare)

A trap or slow jump supplies an address and ignores this field.

U NPC SEL

Selects source for loading NPC register.

Normally:

0 NAF modified by dispatch in bits 11:8

1 NEXT CPC + 1 (only the low 8 bits increment)

With SPEC NPC SEL 1 and MAGIC = 3 (or 0 on rev-3 board).
0 CTOS (restore from trap)

1 CPC (forced when taking trap or slow jump)

UNAF <13:0>

Next-address field
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TABLE 1-continued
Microcode Control of Sequencer

These fields also used by data-path:

U COND FUNC <1:0>

0 nothing

1 SKIP (CMEM A 12 gets -COND)

2 (TRAP IF COND)

3 (TRAP IF -COND)

U SPEC <4:0>

30 ARITHMETIC TRAP WITH DISPATCH

(If trap to address in NAF, bits 11-8

get replaced by high type bits of Abus and Bbus.)

31 HALT

Stops the machine after executing this microinstruction.

32 NPC MAGIC

Modifies U NPC SEL above, also allows connection between the
data path and the sequencer (see MICROINSTRUCTION.BITS).
33 AWAKEN TASK

Set wakeup for software task selected by U MAGIC <1:0>
34 WRITE TASK

Write task memory from address and data on Obus.

35 TASK DISABLE

Forces the current task to be the same in the cycle after
next as in the next cycle. Because of this pipelining, you
need to do this function twice in a row before it really

takes effect.

The clocking circuitry shown in FIGS. 35 and 36
effects controls of the tasking of the machine.

The data path board always gets an ungated clock.
Decoding of the microinstruction is modulated by NDP
where necessary.

NDP is the DR of nop due to taking a trap, nop due
to the machine waiting (see below), and nop due to the
machine being stopped, either by the FEP or by a parity
error or by a halt microinstruction.

Waiting is a kind of temporary stop. When the ma-

_ chine is waiting it continuously executes the same mi-
croinstrution without side-effects, until either the wait
condition goes away or it switches tasks (other tasks
might not need to wait). Upon return from the task
switch the same microinstruction is executed again.
Waiting is used to synchronize with the memory and
IFU; a wait occurs if the data path asks for data from
memory that hasn’t arrived yet not in the temporary
memory control, if an attempt is made to start a memory
cycle when the memory is busy. If an attempt is made to
do a microdevice operation when the bus is busy, or if
the address from the IFU is being branched to (this is
the last microinstruction of a2 macroinstruction) of a
macroinstruction) and the IFU says that the address is
provided (in the previous cycle) was bad.

The wait decision has to be made during the first half
of the cycle, because it is used to gate the clock in some
places.

A wait causes a NDP, inhibiting side-effects of the
microinstruction, but only partially inhibits task switch-
ing in the sequencer. If a task switch was scheduled in
the previous cycle, i.e. TASK SWITCH is asserted,
then the sequencer state (CPC, NPC, UIR, CSP) is
clocked from the new task’s state, but the old task’s state
is not saved; thus the current microinstruction will be
executed again when control returns to this task. If no
task switch was scheduled, the sequencer state remains
unchanged and the microinstruction is immediately
retried. During a wait new task wakeups are still ac-
cepted and so the wait can be interrupted by a higher-
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priority task; when that task dismisses the waiting mi-
croinstruction will be retried.

A trap causes a NDP, inhibiting the side-effects of the
microinstruction, but when a trap occurs, the sequencer
still runs. The cycle is stretched to double-length so that
the control-memory address may be changed to the trap
addresses. Trapping interacts correctly with tasking.
The cycle is still stretched to double length when
though the actual control-memory address is not chang-
ing. The revised contents of the NEXT CPC lines (the
trap address) gets written into the task-state memory.
Note that NDP is not valid before the leading edge of
the clock, and cannot be used to gate the clock.

In order for the memory control, which needs to
decide whether to start a memory cycle well in advance
of the clock, to work, things cannot be be this simple.
NDP actually consists of an early component and a late
component. The early reasons for NDP are stable by
less than 50 ns after the clock and can inhibit the starting
of a memory cycle. These include the machine being
halted, LBUS WAIT, and wait due to interference for
the Lbus. The latter signal is actually a little slower, but
the memory control sees it earlier than NDP itself does
and hence stabilizes sooner.

The late reasons for NDP are always false while the
clock is de-asserted. After the leading edge of the clock,
NDP can come on to prevent side-effects of the current
microinstruction. If a memory cycle has been started, it
cannot be stopped, however a write will be changed
into a read. Except when there is a map miss NDP will
stop it before the trailing edge of the clock. The late
reasons for NDP are traps, parity errors, and the half
microinstruction. All hardware errors are late because
control-memory parity takes too long to check, but it is
desirable to stop before executing the bad microinstruc-
tion rather than after, so that wrong parity in control
memory may be used as a microcode breakpoint mecha-
nism.

Control-memory parity is computed quickly enough
to manage to stop the sequencer clocks (but not quickly
enough to turn on NDP and distribute it throughout the
processor—and all the signals that derive from
NDP—before the leading edge of the clock).

All this is implemented by having a variety of clocks
on the memory-control and sequencer board, gated by
various conditions.

CLK—the main clock, which never stops.

SQ CLK—clock for the main sequencer state (CPC,
NPC, CSP, CUR TASK). This is stopped by
WAIT unless switching tasks.

UIR CLK—like SQ CLK but also clocked by single-
step even if sequencer stepping is not enabled.

TSK CLK—like SQ CLXK but not stopped by WAIT.

TSK CLK A-IDENTICAL TO TSK CLXK; an elec-
trically separate copy.

TSKC CLK—clock for the task-state-capture regis-
ter. Like SQ CLK but always stopped by WAIT.

The CTOS register is clocked by TSK CLK. It can’t
be clocked by SQ CLK because when the machine is
waiting for the IFU the new address from the IFU must
be clocked in. It shouldn’t be clocked by CLK because
when a parity error occurs in the control stack, it is
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desirable to be able to read this register before it Normally UIR would be set up to source the appropri-
changes. ate address.

Table 2 shows clocking conditions (assuming the Trapping (i.e. branching to a special address and
machine is not stopped by the FEP and not stopped by 5 nop’ification) does not occur if TRAP ENB is zero.
an error). Note that when trapping is enabled reading the NEXT

TABLE 2
DWTS State CTDS CUR TASK NEXT TASK  Capture OPC NOP Error
— ck clk clk ck >= clk clk no clk
D— ck ck clk ck < clk ckk no clk
-W—  hold clk hold ck >= no clk yes clk
DW- hold clk hold clk >= no ck yes clk
-T- clkk clk clk ck >= clk ck yes clk
D-T- «ck ck clk hold clk clk  yes cik
-WT- hold clk hold ck >= no clk yes clk
DWT- hold clk hold hold no ck yes clk
-S clk clk clk hold clk ck no clk
D-S ck clk clk clk = clk ckk no clk
-W-§ «cik cik clk hold no clk yes clk
DW-S ck clk cik hold no clk  yes clk
-TS clk clk clk hold cik clk yes clk
D-TS «ck clk clk hold clk ck yes clk
-WTS <clk clk clk hold no clk yes clk
DWTS clk cik clk hold no ck yes clk

DISMISS = (task voluntarily going away, after 1 (or 2) more microinstructions)

W = MC WAIT (NOP this microinstruction and try it again, on demand of memory control)
T = Trap (Double-length cycle, NOP this microinstruction, take different successor)

S = TASK SWITCH (next microinstruction from different task)

State = UIR, NPC, CPC, CSP

Capture = task-state capture registers

Error = hardware error registers

CPC lines isn’t too useful since they alternate between
30 the normal address and the trap address in every cycle.

When the machine is stopped, it is possible to single- When the sequencer is stopped, the following do not

step the sequencer and the data path either separately or

together, and to read and write the microinstruction change: :

rcgis.ter without disturbing any state. This makes it CSP, CPC, NPC, CTOS, CUR TASK

possible to save and restore the complete state (save the 35

UIR, step just the sequencer to bring all of its state to The following do not change when the sequencer is

the spy bus, then e).(ecute.microinstructions to read the stopped, except that single-stepping changes them re-
data-path state). It is possible to run the machine at full gardless of ENABLE SQ:

speed with control-memory disabled, so that the UIR 0

doesn’t change, to make one-microinstruction scope UIR

loops. 1t is aiso possible to run the data path at full speed

with the sequencer stopped, which may or may not be If you don’t want the UIR to change, you disable
useful. control memory and store the appropriate value in the

The FEP controls this via the control register on 45 CMEM WD register, which will then be loaded into
SQCLKC, which is cleared when the machine is reset: UIR.

The task registers are clocked on every clock, regard-
less of whether the sequencer is running. These are the
registers after the task memory. The registers before the

0 RUN Set to 1 to let the machine run freely 50 | R
1 STEP Set to 0 then to 1 to clock the machine task memory clock only if the state of the sequencer is
once to be saved, i.e. if the sequencer is running or bein
2 ENABLE DP If 0, STEP doesn’t affect the data path . o q . . g g
3-ENABLE SQ If 1, STEP and RUN dor’t affect the single-stepped is to be saved, i.e. if the sequencer is
sequencer except UIR running or being single-stepped and MC WAIT is not
4 ENABLE CHEM If 1, UIR from CMEM, 55 true. All of the main sequencer state registers, including
else from CMEM WD register .
5 CHEM WRITE If 1, write control-memory the current task, clock only when the sequencer is run-
6 ENABLE TRAP i1, tr:l‘)1 dconditions set nop and change ning. The FEP can control whether the task chosen
cmem ress . - . .
7 ENABLE ERRHALT If 1, parity error will inhibit RUN when the sequencer is running or single-stepping comes
8 ENABLE TASK If 1, enables task scheduling, if 0 the from the task scheduler or a task number supplied by
9-12 TASK task number is forced from these bits 60 the FEP.
here . . . . .
13 ENABLE WP Enable write-pulse to task and control- Lastly the sequencer includes diagnostic circuitry
14 stack memories spare including the error half circuit in FIG. 37 and the debug
15 spare history circuit in FIG. 38 which is part of the spy bus
65 network.
When writing control-memory, CMEM ENB must The diagnostic interface to the system includes the

be 0 to inhibit the RAM outputs and trapping must be Spy bus. This is an 8-bit wide bus which can be used to
disabled so that the control-memory address is stable. read from and write to various portions of the 3600
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processor. The readable locations in the processor
allow the FEP to “spy” on the operation of the cpu,
hence the name “Spy bus”. Using the Spy bus, the FEP
can force the processor to execute microinstructions,
for diagnostic purposes.

When diagnostics are not running, the FEP uses the
Spy bus as a special channel to certain DMA devices.
Normally, the FEP uses the SPy bus to receive a copy
of all incoming Ethernet packets. It can also set up and
transfer to the Ethernet and read from the disk via the
Spy bus.

Table 3 shows the spy functions on the sequencer
board:

TABLE 3

SPY WRITE CMEMO,1, . . ,,13 WD

Write an 8-bit slice of the CMEM WD register. This register

is a source of write data for control-memory and also a source

of microinstructions into UIR when cmem is disabled.

SPY READ CMEMO,1, .. ,,13

Read an 8-bit slice of UIR (which typically contains data from
CMEM).

SPY WRITE CTL1,2

Write sequencer control & clock register described above.

This has two spy functions since it is a 16-bit register; the

CTLI1 is the least-significant byte.

SPY READ NEXT CPC (2 addresses)

Read NEXT CPC lines, which are the control-memory address in the
absence of tasking. Allows reading NPC, CTOS, trap address,

U NAF,

To read the CPC you must first

single-step it into the NPC. To control the NEXT CPC selection you
force a microinstruction into the UIR.

SPY READ SQ STATUS (2 addresses)

Read error halt conditions as a 16-bit word:

7 AU STOP 15 -ERRHALT

6 MC STOP 14 TSK-STOP

5 BMEM PAR ERR 13 CTOS CAME FROM IFU
4 AMEM PAR ERR 12 CMEM (UIR) PAR ERR
3 PAGE TAG PAR ERR 11 TASK MEM PAR ERR

2 TYPE MAP PAR ERR 10 CTOS (LEFT) PAR ERR
1 GC MAP PAR ERR 9 CTOS (RIGHT) PAR ERR
0 (spare) 8 MICROCODE HALT

SPY READ TASK

<3:0> are CUR TASK
SPY READ SQ STATUS2

More status:
1.0 are the CTOS parity bits
SPY READ SQ BOARD ID

Read the board-ID prom (gives serial number, ECO level, etc.)
Address comes from the U AMRA <4:0> field of UIR
SPY READ DP BOARD ID

Read the board-ID prom on the datapath board (the spy address
is decoded by the sequencer).
SPY READ OPC1,2

Reads PC history memory.

This is a 16 entry RAM where each entry contains a PC in bits
<13:0>, bit <14> = -NOP for that microinstruction, and bit
<15> = 1 if the next microinstruction came from a different task.
The OPC memory reads out backwards (i.e. with the sequencer
stopped, the first read gets you the last instruction executed, the
next read gets you the instruction before that, etc.) After 16 reads
it is back in its original state

Because you can only read this one byte a time (reading either byte
decrements the address counter) you have to first read all 16 even
bytes and then read all 16 odd bytes).

DATA PATH

The data path unit is shown in block diagram form in
FIG. 3 with the various circuit elements shown in the
block diagram shown in more detail in FIGS. 4-6.

The data path unit includes the stack buffer, the arith-
metic logic unit (ALU), the data typing circuitry, the
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garbage collection circuitry and other related circuit
elements.

The A and B memories include the two stack and
buffers described hereinabove. The A memory is a
4K X 40 bit memory. The B memory which is a 256 X 40
bit memory is shown in FIGS. 60-64 and the corre-
sponding circuitry therefor is shown in FIGS. 65-66.

Garbage collection circuitry is shown in FIG. 5 and
trap control, condition dispatch and microinstruction
decode circuitry is shown in FIGS. 3-6.

The ALU is used to carry out the arithmetic combi-
nation of a given address and offset and is dedicated
solely thereto. As can be seen from the data flow path in
the block diagram of FIG. 3, the circuitry on the data
path unit separates the type field from the data object
and thereafter checks the type field with respect to the
operation and generates a new type field in accordance
with the operation. The new type field and the resuits of
the operation are combined thereafter.

The central processing unit (cpu or processor) exem-
plifies a tagged architecture computer wherein type-
checking is used to catch invalid operations before they
occur. This ensures program reliability and data integ-
rity. While type-checking has been integrated into
many software compilers, the present system performs
automatic type-checking in hardware, specifically the
above-mentioned circuitry in the sequencer. This hard-
ware allows extremely fast type-checks to be carried
out at run-time, and not just at compile-time. Run-time
type-checking is important in a dynamic Lisp environ-
ment, since pointers may reference many different types
of Lisp objects. Garbage-collection algorithms (ex-
plained hereinafter) also need fast type-checking.

Automatic type-checking is supported by appending
a tag field to every word processed by the cpu. The tag
field indicates the type of the object being processed.
For example, by examining the tag field, the processor

can determine whether a word is data or an instruction.

45

50

65

With the tagged architecture, all (macro) instructions
are generic. That is, they work on all data types appro-
priate to them. There is, for example, only one ADD
operation, good for fixed and floating-point numbers,
double-precision numbers, and so on. The behavior of a
specific ADD instruction is determined by the types of
the operands, which the hardware reads in the oper-
and’s tag fields. There is no performance penalty associ-
ated with the type-checking, since it is performed in
parallel with the instruction. By using generic instruc-
tions and tag fields, one (macro)instruction can do the
work for several instructions on more conventional
machines. This permits very compact storage of com-
piled programs.

In the present system a word contains one of many
different types of objects. Two basic formats of 36-bit
words are provided.

One format, called the tagged pointer format, consists
of an 8-bit tag and 28 bits of address. The other immedi-
ate number format consists of a 4-bit tag and 32 bits of
immediate numerical data. (In main memory, each word
is supplemented with 8 more bits, including 7 bits of
ECO).
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Two bits of every word are reserved for list compac-
tion or cdr-coding. The cdr-code bits are part of a tech-
nique for compressing the storage of list structures. The
four possible values of the cdr-code are: normal, error,
next, and nil. Normal indicates a standard car-cdr list
element pair, next and nil represent the list as a vector in
memory. This takes up only half as much storage as the
normal case, since only the cars are stored. Zetalisp
primitives that create lists make these compressed cdr-
coded lists. Error is used to indicate a memory cell
whose address should not be part of a list.

34 data types are directly supported by the processor.
The type-encoding scheme is as follows. A Zetalisp
pointer is represented in 34 bits of the 36-bit word. The
other two bits are reserved for cdr-coding. The first
two bits of the 34-bit tagged pointer are the primary
data typing field. Two values of this field indicate that
the 32-bits hold an immediate fixed-point of floating-
point number, respectively. (The floating-point repre-
sentation is compatible with the IEEE standard). The
other two values of the 2-bit field indicate that the next
four bits are further data type bits. The remaining 28 bits
are used as an address to that object. The object types
include:

symbols (stored in four parts: print-name, value, func-

tion, and properly-list)

lists (cons cells)

strings

arrays

flavor instances

bignums (arbitrary-precision integers)

extended floating-point numbers

complex numbers

extended complex numbers

rational numbers

intervals

coroutines

compiled code

closures

lexical closures

nil

The present-system is stack-oriented, with multiple
stacks and multiple stack buffers in hardware. Stacks
provide fast temporary storage for data and code refer-
ence associated with programs, such as values being
computed, arguments, local variables, and control-flow
information.

A main use of a stack is to pass arguments to instruc-
tions, including functions and flavor methods. Fast
function calling is critical to the performance of cpu-
bound programs. The use and layout of the stack for
function calling in the system is novel.

In the system, a given computation is always associ-
ated with a particular stack group. Hence, the stacks are
organized into stack groups. A stack group has three
components:

A control-stack—contains the lambda bindings, local

environment, and caller list.

A binding stack—contains special variables and coun-

ter-flow information.

A data-stack—contains Lisp objects of dynamic ex-

tent (temporary arrays and lists).

In the system, a stack is managed by the processor
hardware in the sequencer as set forth above. Many of
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the system instructions are stack-oriented. This means
they require no operand specification, since their oper-
ands are assumed to be on the top of the stack. This
reduces considerably the size of instructions. The use of
the stack, in combination with the tagged architecture
features, also reduces the size of the instruction set.

The control stack is formatted into frames. The
frames usually correspond to function entities. A frame
consists of a fixed header, followed by a number of
argument and local variable slots, followed by a tempo-
rary stack area. Pointers in the control stack refer to
entries in the binding stack. The data stack is provided
to allow you to place Zetalisp objects in it for especially
fast data manipulations.

Active stacks are always maintained in the stack buff-
ers by the hardware. The stack buffers are special high-
speed memories inside the cpu which place a process’s
stack into a quick access environment. Stack buffer
manipulations (e.g., push, pop) are carried out by the
processor and occur in one machine cycle.

At the macroinstruction level, the system has no
general-purpose registers in the conventional sense, as it
is a stack-oriented machine. This means that many in-
structions fetch their operands directly from the stack.

The two 1K word stack buffers are provided in order
to speed the execution of Zetalisp programs. The stack
buffers function as special high-speed caches used to
contain the top portion of the Zetalisp stack. Since most
memory references in Zetalisp programs go through the
stack, the stack buffers provide very fast access to the
referenced objects.

The stack buffers store several pages surrounding the
“current” stack pointer, since there is a high probability
they will contain the next-referenced data objects.
When a stack overflow or underflows the stack buffer,
a fresh page of the stack buffer is automatically allo-
cated (possibly deallocating another page).

Another feature of the stack buffers which supports
high-speed access is the use of hardware-controlled
pushdown pointers, eliminating the need to execute
software instructions to manipulate the stack. All stack
manipulations work in one cycle. A hardware top-of-
stack register is provided for quick access to that loca-
tion at all times.

The stack buffer has some area thereof which is allo-
cated as a window to the stack, which means that some-
where in the main memory is a large linear array which
is the stack that is being currently used and this window
points into some part of it so that it shadows the words
that are in actual memory. The window is addressed by
a two segment addressing scheme utilizing a stack
pointer and an offset. The ALU associated with the
stack buffer, combines the pointer and offset in one
cycle to address the window in the stack buffer.

In a Lisp environment, storage for Lisp objects is
allocated out of a storage area called the heap in virtual
memory. Storage must be deallocated and returned
automatically to the heap when objects are no longer
referenced. In order to manage the dynamic storage
allocation and deallocation, storage manager and gar-
bage collection routines must be implmented. Garbage
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collection is the process of finding “unreferenced” ob-
jects and reclaiming their space for the heap. This space
is then free to be reallocated.

The goal of a good garbage collection algorithm is to
reclaim storage quickly and with a minimum of over-
head. Conventional garbage collection schemes are
computationally costly and time-consuming, since they
involve reading through the entire address space. This
is done in order to prove that nowhere in the address
space are there any references to the storage being con-
sidered for reclamation. The design of the present sys-
tem includes unique features for hardware assistance to
the garbage collection algorithms which greatly sim-
plify and speed up the process. These hardware features
are used to “mark” parts of memory to be included in
the garbage collection process, leaving the rest of mem-
ory untouched. These hardware features include:

Type fields which indicate pointers

Page Tag which indicate pages containing pointers to

temporary space

Multi-word read instructions which speed up the

memory scanning.

The 2-bit type field inserted into all data words by the
hardware simplifies garbage collection. This field indi-
cates whether or not the word contains a pointer, i.e., a
reference to a word in virtual memory.

For each physical page of memory there is a bit called
a page tag. This is set by the hardware when a pointer
to a temporary space is written into any location in that
page. When a disk page is read into a main memory
page and after a garbage-collection cycle, the micro-
code sets the bit to the appropriate value. When the
garbage-collector algorithm wants to reclaim some
temporary space, it scans the page-tag bits in all the
pages. Since the page tag memory is small relative to
the size of virtual memory, it can be scanned rapidly,
about 1 ms per Mword of main memory that it de-
scribes. For all pages with the page-tag bit set, the gar-
bage collector scans all words in that page, looking for
pointers to “condemned” temporary space. For each
such pointer it copies out the object pointed to and
adjusts the pointer.

Multi-word read operations speed up the garbage
collection by fetching several words at a time to the
processor.

The virtnal memory software assists garbage collec-
tion with another mechansim. If a page with its page-tag
bit set is written to disk, the paging software will scan
through the contents of the page to see what it points at.
The software creates a table recording the swapped-out
pages which contain pointers to temporary spaces in
memory. Since the garbage collector checks this table,
it can tell which pages conmtain such pointers. This
knowledge is used to improve the efficiency of the
garbage-collection process, since only the pages with
temporary-space pointers are read into memory during
garbage collection.

Page Tag Implementation

The page tag bits are made out of 16K static RAM
shown in FIG. 149.

The following inputs exist:
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LBUS ADDR 23:19 the physical page to be accessed
next.

true if this is an active cycle and
the page tags are supposed to see
it.

the clock gated by LBUS WAIT.
true during an active cycle if the
datapath output during the previous
cycle was a pointer and its address
was in a temporary space. If this
active cycle is for a virtual

write, the GC tag bit needs to be
set.

true during an active write cycle
(registered version of LBUS WRITE
L).

true if lbus-dev-write of the

page tag being done.

true if reading page tag

(via Ibus-dev-write).

modifiers for the above.

NORMAL ACTIVE L

LBUS STATECLK L
DPSETCGTAGL

WRITE ACTIVE L

WRITE PAGE TAG L
READ PAGE TAG L

LBUS DEV 4:3

Note:
the spec and magic fields could be used instead of the microdevice I/0.

The following outputs exist:

LBUS DEV COND L Asserted when READ PAGE
TAG and the selected tag

bit is set.

asserted when bad parity

is read from the page

tags.

PAGE TAG PAR ERR L

Microcode control:

One selects a physical page by doing a read of any
location in the page. Normally the address would be
supplied as a physical address on the Abus although the
VMA could also be used. Actually starting a read isn’t
necessary; it’s only necessary to convince the memory -
control to put the physical address on the Lbus. In the
next cycle one uses a microdevice operation to read or
write the page tage for the addressed page.

Since the address is supplied in the previous cycle
before the read and write, it is necessary to prevent a
task switch from intervening. This is done by specifying
SPEC TASK-INHIBIT in the microinstruction-before-
the one that emits the address on the Abus. It is also
possible for a FEP memory access to intervene between
the two microinstructions, i.e. the microdevice opera-
tion may have to wait for the Lbus to become free. The
page tag’s address register is not clocked when MC
WIAT is asserted, which takes care of this problem.

WRITE PAGE TAG L is asserted during second
half when writing to microdevice slot 36, subdevice 1
(on the FEP board).

LBUS DEV 3 is written into the selected bit. The
other remains unchanged.

LBUS DEYV 4 selects which bit:

the gc tag bit
1 the referenced bit

READ PAGE TAG L is asserted when writing to
microdevice slot 36 subdevice 3.
LBUS DEV 4:3 select the bit to read, as follows:
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00 the gc tag bit
01 the referenced bit
10 the parity bit
11 (not used)

The preselected bit comes back on the LBUS DEV
COND L line and may be used as a skit condition.

Scanning GC page tag takes place at the rate of 2
cycles per bit. This amounts to 1 millisecond per 750 K
of main memory. The microcode alternates between
cycles which emit a physical address on the Abus, start
a read, and do a compare to check for being done, and
cycles which increment the physical address and also
skit on the tag bit, into either the first cycle again or the
start of the word scanning loop.

There is no special function for writing a pointer into
main memory to enable the check and setting of gc page
tag. Instead, any write into main memory at a virtual
address, where the data type map says the type is a
pointer, and the gc map says it points at temporary
space, will set the addressed gc page tag bit in the fol-
lowing cycle if necessary.

The STKP, FRMP, and XBAS registers can be used
to address A-memory. The low 10 bits of one of these
registers is added to a sign-extended 8-bit offset which
comes from the microinstruction or the macroinstruc-
tion. This is then concatenated with a 2-bit stack bas
register to provide a 12-bit A-memory address. The
microcode can also select a 4th pseudo base register,
which is either FRMP or STKP depending on the sign
of the macroinstruction offset. Doing this also adds 1 to
the offset if it is negative. Thus you always use a posi-
tive or zero offset with FRMP and a negative or zero
offset with STKP in this mode.

STKZP points at the top of the stack. FRMP points at
the current frame.

STKP may be incremented or decremented indepen-
dently of almost everything else in the machine, and
there is a 4-bit counter which clears at the beginning of
a macroinstruction and increments or decrements simul-
taneously with STKP: this allows changes by pulse or
minus 7 to STKP to be undone when a macroinstruc-
tion is aborted (polsred).

STKP and FRMP are 28-bit registers, holding virtual
addresses, and may be read onto the data path. XBAS is
only a 10-bit register and may not be read back. (The
FEP can read it back by using it as a base register and
seeing what address develops). The XVAS register is
not used by most of the normal microcode, but it is
there as a provision for extra flexibility. The microcode
which BLTs blocks of words up and down in the stack
(used by function return, for example), needs two point-
ers to the stack. It currently uses FRMP and STKP, but
might be changed to use XBAS and STKP. The funcall
(function call with variable function) microcode uses
XBAS to hold a computed address which is then used
to access the stack.

Interface with Memory Control board

The data path and the memory control need to com-
municate with each other for the following operations:
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Reading the VMA and PC registers into the data
path.

Writing the VMA and PC registers from the data
path.

Accessing the address map (at least writing it).

Reading main memory or memory-mapped 1/0 de-
vice.

Writing main memory or memory-mapped 1/0 de-
vice.

Emitting a physical address (espcially in a “DMA”
task).

Using the bus to access devices such as floating-point
unit and doing “microdevice” (non-memory-mapped)
1/0.

Setting the GC page tag bit when the pointer is writ-
ten into memory.

The MC does its own microinstruction decoding,.
There is a 4-bit field just for it, and it also looks at the
Spec, Magic, A Read Address, and A Write Address
fields. The A address fields have 9 bits each available
for the MC when the source (or destination) is not A-
memory, which is normally the case when reading (or
writing) the MC. Also the A-memory write address can
be taken from the read address field, freeing the write
address field for use by the MC. This occurs during the
address cycle of a DMA operation, which increments
an A-memory location but also hacks the MC. The MC
and the sequencer aiso have a good deal of communica-
tion, mostly for synchronization and for the IFU.

The following signals connect between the DP and
MC boards:

BK ABUS 35:0 - bidirectional extension of the data
path’s Abus. This is used to read VMA,
PC, map, and memory (or bus) data into
the data path, and to emit physical
addresses from the data path. Bits 31-0
are bidirectional, but bits 35-32 are
unidirectional, they always go from the
memory control to the data path; this
allows the cdr code of a memory location
to be merged into the data to be stored
into it, which needs to be on the Abus
so it can get to the type and gc maps.
The parity bits on the internal Abus do
not connect to the MC.

the main data bus. The data path can
drive this either directly or through a
register. This is used when writing main
memory, when writing the bus, and when
writing registers on the MC board. The
error-correction bits do not connect

to the DP.

physical memory address into the data
path. This is used when a supposed main
memory access actually refers to internal
A memory. See below.

LBUS 35:0

LBUS ADDR 11:0

MC OBUS TO DP result from this cycle drives LBus.

LBUS L

MC OBUS REG DEDP result from last cycle drives

To LBUS L LBUS

GC TEMP L to GC page tag bits. If this is asserted at
the end of a cycle which writes into main
memory, then during the following cycle,
which is when the write actually happens,
the GC page tag bit for the page being
written into its turned on.

MC ADDR IN Asserted if the last memory address

AMEM L selected by this task (need only work for

emulator) points at A-memory. The data
path uses this to enable A-memory instead
of BK ABUS for memory reads, and to
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-continued

enable A-memory writing for memory
writes. See below.

Asserted if the BK ABUS is an input to
the data path. The DP drives the BK
ABUS whenever it isn’t receiving it.
Tells the IFU to generate a bogus
instruction to take the sequence break
(macrocode interrupt).

ABUS OFFBOARD
L

SEQUENCE
BREAK

The data path assumes that when a memory reference
is redirected to A-memory, the memory control will
provide the right address on the Lbus address lines.

For writing, things are simple. In the first cycle, the
data path computes to write data; in the second cycle
the write data is driven onto the Lbus, where it gets
error-correction bits added. The memory card swal-
lows the address at the end of the first cycle and the
data during the second. The A-memory wants to the
same timing; in the first cycle the address comes from
the Lbus and the data come from the Obus inside the
data path; in the second half of the second cycle the
actual write is performed from the A-memory pipelin-
ing registers.

The trap control circuitry of FIG. 46 effects the fea-
ture of trapping out of macrocode instruction execu-
tion. For example a page table miss trap to microcode
looks in the page hash table in main memory. If the page
is found, the hardware map is reloaded and the trap
microinstruction is simply restarted. A PCLSR of the
current instruction happens only if this turns into a fault
because the page is not in main memory or a page write-
protected fault.

Another trap is where there is an invisible pointer.
This trap to microcode follows the invisible pointer,
changing the VMA and retries the trap to microinstruc-
tion.

Memory write traps include one which is a trap for
storing a pointer to the stack, which traps to microcode
that maintains the stack GC tables. This trap aborts the
following micro instruction, thus the trapped write
completes before the trap goes off. The trap handler
looks at the VMA and the data that was written into
memory at that address, makes entries in tables and then
restarts the aborted microinstruction. If it is necessary
to trap out to microcode, there are two cases. If the
write was at the end of a macroinstruction, then that
instruction has completed and the following instruction
has not started since its first microinstruction was
aborted by the trap. However, the program counter has
been incremented and the normal PCLSR mechanism
will leave things in exactly the right state. The other
cases where the write was not at the end of a macroin-
struction, in this case the instruction must be PCLSR,
with the state in the stack and the first part done flag.

Another trap is a bad data type of trap and an arith-
metic trap wherein one or both of the operands of the
numbers on which the arithmetic operations is taking
place is a kind of number that the microcode does not
handle. The system first coerces the operands to a uni-
form type and puts them in a uniform place on the stack.
Thereafter a quick external macrocode routing for
doing this type of operation on that type is called. If the
result is not to be returned to the stack, an extra return

10

20

25

30

35

40

45

50

55

60

65

28

address must be set up so that when the operation rou-
tine returns, it returns to another quick external routine
which moves the result to the right place.

Stack buffers traps occur when there is a stack buffer
overflow. The trap routine does the necessary copying
between the stack buffer and the main memory. It is
handled as a trap to macrocode rather than being en-
tirely in microcode, because of the possiblity of recur-
sive traps, when refilling the stack buffer it is possible to
envoke the transporter and take page faults. When emp-
tying the stack buffer, it is possible to get unsafe pointer
traps.

MEMORY CONTROL

The memory control is shown in block diagram form
in FIGS. 7-9 which show the data and error correction
circuitry in FIG. 7, the data path flow of the instruction
fetch unit in FIG. 8 and the page hash table mapping in
FIG. 9.

Physical memory is addressed in 44-bit word units.
This includes 36 bits for data, 7 bits for error correction
code (ECC) plus one bit spare. Double-bit errors are
automatically detected, while single-bit errors are both
detected and corrected automatically. The memory is
implemented using 200-ns 64 K bit dynamic RAM (ran-
dom access memory) chips with a minimum memory
configuration of 256 Kwords (IMByte) (See FIGS.
10-23). The write cycle is about 600 ns (three bus cy-
cles). In some cases the system can get or set one word
per cycle (200 ns), and access a word in 400 ns.

The system 28-bit virtual address space consists of 16
million (16,777,216) 44-bit wide words (36-bits of data
and 8 bits of ECC and spares). This address space is
divided into pages, each containing 256 words. The
upper 20 bits of a virtual address are called the Virtual
Page Number (VPN), and the remaining 8 bits are the
word offset within the page. Transfers between main
and secondary memory are always done in pages. The
next section summarizes the operation of the virtual
paging apparatus.

The virtual memory scheme is implemented via a
combination of Zetalisp code and microcode. The labor
is divided into policies and mechanisms. Policies are
realized in Zetalisp; these are decisions as to what the
page, when to page it, and where to page it to. Mecha-
nisms are realized in microcode; these constitute deci-
sions as to how to implement the policies.

Zetalisp pointers contain a virtual address. Before the
hardware can reference a Zetalisp object, the virtual
address must be translated into a physical address. A
physical address says where in main memory the object
is currently residing. If it is not already in main memory,
it must either be created or else copied into main mem-
ory from secondary memory such as a disk. Main mem-
ory acts as a large cache, referencing the disk only if the
object is not already in main memory, and then attempt-
ing to keep it resident for as long a it will be used.

In order to quickly and efficiently translate a virtual
address into a 24-bit physical address, the system uses a
hierarchy of translation tables. The upper levels in the
hierarchy are the fastest, but since speed is expensive
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they also can accommodate the fewest translations. The
levels used are:

Dual Map Caches which reside in and are referenced
by the hardware and can each accommodate 4 K
entries.

A Page Hash Table Cache (PHTC) which resides in
wired main memory and is referenced by the mi-
crocode with hardware assist. The size of the
PHTC is proportional to the number of main mem-
ory pages, and can vary from 4 to 64 Kwords,
requiring one word per entry. However, the table
is only 50% dense to permit a reasonable hashing
performance.

A Page Hash Table (PHT) and Main Memory Page
Table (MMPT) which reside in wired main mem-
ory and are referenced by Zetalisp. The size of
both of these tables are proportional to the number
of main memory pages, with the PHT being 75%
dense and the MMPT 100% dense. Both tables
require one word per entry. The PHT and MMPT
completely describe all pages in main memory.

The Secondary Memory Page Table (SMPT) de-
scribes all pages of disk swapping space, and dy-
namically grows as more swapping space is used.

A virtual address is translated into a physical address
by the hardware checking the Map Caches for the vir-
tual page number (VPN). If found, the cache yields the
physical page number the hardware needs. If the VPN
isn’t in the Map Cache, the hardware hashes the VPN
into a PHTC index, and the microcode checks to see if
a valid entry of the VPN exists. If it does, the PHTC
yields the physical page number. Otherwise a page fault
to Zetalisp code is generated.

The page fault handler checks the PHT and MMPT
to determine if the page is in main memory. If so, the
handler does whatever action is required to make the
page accessible, loads the PHTC and the least recently
used of the two Map Cache, and returns. If the page is
not in main memory, the handler must copy the page
from disk into a main memory page. When a page fault
gets to this point it is called a hard fault. A hard fault
must do the following:

1. Find the virtual page on the disk by looking up the
VPN in the SMPT.

2. Find an available page frame in main memory. An
approximate FIFO (first-in, first-out) pool of available
pages is always maintained with some pages on it. When
the pool reaches some minimum size a background
process fills it by making the least recently used main
memory pages available for reuse. If the page selected
for reuse was modified (that is, its contents in main
memory were changed so the copy on disk is different)
it must be first copied back to disk prior to its being
available for reuse. The background process minimizes
this occurrence at fault time by copying modified pages
back to the disk periodically, especially those eligible
for reuse.

3. Copy the disk page into the main memory page
frame.

4. If the area of the virtual page has a “swap-in quan-
tum” specified, the next specified number of pages are
copies into available main memory page frames as well.
If these prefetched pages are not referenced within

25

30

30

some interval and some page frames are needed for
reuse, their frames will be reused. This minimizes the
impact of prefetching unnecessary pages.

5. Update the PHT, MMPT, PHTC, and least re-
cently used of the two Map Cache to contain the page
just made resident, and forget previous page whose
frame was used.

6. Return from the fault and resume program execu-
tion.

The central Memory Control unit manages the state
of the bus and arbitrates requests from the processor,
the instruction fetch unit, and the front-end processor.

L BUS

For general communication with devices, the L bus
acts as an extension of the system processor. Main mem-
ory and high speed peripherals such as the disk, net-
work, and TV controllers and the FEP are interfaced to
the L bus. The address paths of the L bus are 24 bits
wide, and the data paths are 44 bits wide, including 36
bits for data and 8 bits for ECC. The L bus is capable of
transferring one word per cycle at peak performance,
approximately 20 MByte/sec.

All L bus operations are synchronous with the system
clock. The clock cycle is roughly 5 MHz, but the exact
period of cycle may be tuned by the microcode. A field
in the microcode allows different speed instructions for
different purposes. For fast instructions, there is no need
to wait the long clock cycle needed by slower instruc-

- tions. Main memory and cpu operations are synchro-
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nous with the L bus clock. When the cpu takes a trap,
the clock cycle is stretched to allow a trap handler
microinstruction to be fetched.

As an example of L bus operation, a normal memory
read cycle includes three phases:

1. Request—The cpu or the FEP selects the memory
card from which to read (address request).

2. Active—The memory card access the data; the
data is strobed to an output latch at the end of the cycle.

3. Data—The memory card drives the data onto the
bus; a new Request cycle can be started.

In a normal write operation, two phases are carried
out:

1. Request—The cpu or the FEP selects the memory
card to which to write.

2. Active—The cpu or the FEP drives the data onto
the bus.

A modified memory cycle on the L bus is used for
direct memory access operation by L bus devices. In a
DMA output operation, as in all memory operations,
the data from memory is routed to the ECC logic. How-
ever, instead of passing on to the processor’s instruction
prefetch unit, the data is shipped to the DMA device
(e.g., FEP, disk controller, network controller) that
requested it.

For block mode operation, the L bus uses pipelining
techniques to overlap several bus requests. On block
mode memory writes, an address may be requested
while a separate data transfer takes place. On block
mode memory reads, three address requests may be
overlapped within one L bus cycle.
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TABLE 4

MEMORY AND CLOCK SIGNALS. (From <LMIFU>MC.)

The bus is used in three ways; accessing memory, accessing 1/0 device
registers which look like memory, and accessing “MicroDevices”
MicroDevices are distinguished because they are addressed by a
separate 10-bit field which comes directly from the microcode, and do
not follow the 3 cycle Request/Active/Data protocol of memories. One
example of such a device is a DMA device such as the disk; the DMA
task microcode commands the disk to put data onto the bus or take it
off, while doing a memory cycle. We’ll call the three classes

of responders “Memory, MemoryDevices, and MicroDevices.”

All transactions on the L-bus are synchronous with the system clock.
For example, memory responds to requests with a 2 or 3 cycle

sequence, viz:

On the first cycle (Request), the processog puts an address on LBUS
ADDR, puts the type of cycle on LBUS WRITE, and asserts LBUS
REQUEST. All the memory cards compare the high bits of the LBUS
address with their slot number. The selected memory card drives the
row address onto the RAM address lines, and at the leading edge of
LBUS CLOCK starts RAS. After a delay it muxes the column address
onto the RAM address lines, and finally at the clock boundary CAS is
enabled.

The second (Active) cycle is used to access the RAM: on a read the
RAM output is strobed into a latch at the end of the cycle; on a

write, the bus has the write data and ECC bits and the RAM WE is
driven by a gated Lbus Clock (late write operation). RAS and CAS

are reset at the end of this cycle.

During the third (Data) cycle, the latched read data is driven on

the bus (during First Half), the RAM chips precharge during their

RAS recovery time, and possibly a new Request cycle occurs.

The bus clock is designed so that the memory card can start RAS with the
leading edge and star CAS with the trailing edge and be guaranteed of
meeting the RAM timing specs. No other use is intended for the leading
edge of clock. It is suggested that MemoryDevices initiate response

to requests at the trailing edge of clock.

The clock seen by devices on the bus (LBUS CLOCK) is a version of the
clock that drives the processor. Its frequency is roughly 5 Mhz but

the exact period of each cycle may vary between 180-260 ns depending
on the cycle length specified by the microcode. Although the

processor controls the cycle length, LBUS CLOCK is unaffected by any
clock inhibit conditions in the processor - operations on the bus

proceed independently of the microcode, once they have been initiated.
Memory data error-correction will also extend the clock for some
period of time.

An exception to this is when the processor takes a trap. In that case
LBUS CLOCK is stretched - the extra time occurs in the second (or
high) phase. While the main clock is held high, the clock and

sequencer conspire to preform a second cycle internally that fetches

the trap handler microinstruction. Because of this, two first-half

clocks will happen for only one LBUS CLOCK. If the extended cycle is
a Data cycle, the processor will latch the data seen during the first
first-half.

Note: The leading edge of FIRST HALF is > >not< < the same as the
trailing edge of LBUS CLOCK. First-half is primarily intended as a
timing signal that controls enabling data from memories onto the bus.
The only other nefarious use you are allowed is to clock something

with the mid-cycle edge of FIRST HALF, and then you should be prepared
to see two of them on some cycles.

- A central Memory Control manages the state of the bus and arbitrates
between requests from the processor, IFU, and FEP. Both Memory and
MemoryDevices are expected to conform to the same timing protocol.
[document FEP/MC arbitration].

Any MemoryDevices (like the TV) that are unable to respond in 3 cycles
must assert LBUS WAIT during the Active cycle until they can respond.
The memory control state will proceed on the first Active cycle where
LBUS WAIT is not asserted. LBUS WAIT should not be present on any
other cycle, and must be developed early enough to propogate the
length of the bus, go through a xcvr, and gate the clock. DMA devices
also watch LBUS WAIT, so they know which cycle is the one that they
should read or write the data.

Block mode operations. In some cases the processor issues a series of
requests on back-to-back cycles. This is called “block mode”. A new
request can be started each cycle. When a block-mode operation in
underway, the bus is segmented into a 3-stage pipeline, one stage for
addressing, one stage for ram access, and one stage for data transfer

(on reads).

The addresses of block mode requests are always in increasing

sequential order, although any pattern that avoids referencing

addresses [n, n+4] in adjacent cycle would be OK. The existing

memory card interleaves on bits 18,1,0, so an individual ram always

see at least 4 cycles between requests for sequential locations.
MemoryDevices also have to handle block mode requests, because the
microcode will not in general want to distinguish references to MOS
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memory from MemoryDevices. This means that the device must be
prepared to accept a request during its “active” cycle. Request

cycles are unconditional, there is no way for a device to reject or
delay a request. The cycle following a request is the active cycle,
which can be repeated (via LBUS WAIT) until the device is ready to
accept data (on writes) or enter the data cycle (on reads).

LBUS <43:0> - Bi-directional data bus, active high tri-state.

LBUS <43:36> are the ECC bits. Driven by processor or FEP

on write Active cycles. Driven by memories on read Data

cycles. Also used to transfer data between processor and

Devices. Also is used to carry the Obus signals from the data

path card (E) to the other cards in the processor (I and C).

LBUS ADDR<23:0> - Physical address. Tri-state driven from
processor or FEP. A physical address of 24 bits is

semi-consistent with allowing a maximum of 31 physical slots,

each of which could hold 512K words of memory.

LBUS CLOCK +/— - Differential ECL system clock.

LBUS FIRST HALF +/— - differential ECL timing signal from memory control.
Used during Data cycles to enable memory data onto the bus.

The memory card drives data onto the bus during the first half

of the cycle, the memory control reads the bus data and does

error correction. During the second half cycle, the corrected

data is driven on the bus from the memory control.

Memories must insure that data is driven out on the bus as

soon as possible after the leading edge of FIRST HALF, because

the memory control needs most of the first half to decode the

ECC syndrome. .

LBUS REQUEST L - Request for Memory or MemoryDevices addressed by
Bus.Address. Stable by leading edge of Bus.Clock enough

time for address compare and 2 levels of logic.

LBUS REQUEST L and LBUS WRITE L, along with the address, are
asserted towards the end of the first cycle of a transaction.

The data are transferred during the second or third cycle.

The requests, write, and address lines are not valid during

those cycles (indeed they may be used to start another transaction).
LBUS WRITE L - from the processor or FEP. The write data will be
driven onto the bus during the next cycle. Otherwise, the

requested cycle is a read, and the memory will drive the bus

during the 2nd succeeding cycle.

LBUS WITH ECC - From Memories that don’t have ECC bits. Driven during
Data cycle.

LBUS WAIT L - From MemoryDevices. Asserted for as many cycles as
necessary to hold memory control in Active cycle state. Must

be valid early in the cycle.

LBUS REFRESH L - All dynamic RAM memories perform a refresh.
All rows of memory refresh at once. The memory array bypass
capacitors hold enough charge to supply the RAMs for the

refresh cycle, so the transient shouldn’t be seen by the power

supply. The refresh timer and address counter is in the

Memory Control, it has nothing to do with micro-tasking so

that the memories will continue to get refreshed when the

processor is being single stepped.

LBUS ID REQUEST L - Requests that the selected board supply information
about itself. The board selection is by matching

LBUS ADDR <23:19> against the slot number (see below).

LBUS <7:0> are driven with one of 32 bytes of data selected

by LBUS ADDR <6:2>. The format of these data bytes is not

yet specified, but generally includes the board type, board

serial number, board revision level, and a checksum sensitive

to failures of the data and address lines.

Note that memory refreshing may take place, using LBUS ADDR
<17:10>, while a board ID is being read using the other

address lines. The PROM data should be driven onto the bus

for as long as ID REQUEST is asserted. (The memory card is

slightly strange in that it “buffers” LBUS ADDR <6:2> through

the same latch that it uses to hold the column address during

normal memory cycles. This latch is open during LBUS CLOCK,

so the memory board doesn’t produce correct data until the

second cycle after ID REQUEST and LBUS ADDR are present. The
FEP compensates for this, and other boards shouldn’t

necessarily emulate the memory card.

SLOT NUMBERING

LBUS SLOT <4:0> - a slot number built into the blackplane. These pins

are grounded in a different pattern at each slot; if the board plugged

into that slot provides pullups it will see a unique siot number.

This is matched against LBUS ADDR <23:19> for Memory, MemoryDevice,
and IDRequest operations, and against LBUS DEV <9:5> for MicroDevice
operations, to select the desire board. LBUS SLOT <4> is actually

bussed across each card cage, and is grounded in the main card cage

and left floating in the extension cage. More discussion of this below.

RESET SIGNALS

LBUS RESET L - general reset line. This is brought low when power is turned
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on, and whenever the FEP feels like asserting it.

LBUS POWER RESET L - brought low when power is not valid. This line is used
to protect disks and to perform initializations only needed when first

powering on. When the machine is powered up, this line is grounded and

remains grounded until the FEP validates the power and cooling and turns it

off. This line is also grounded before turning off the power.

MICRODEVICE SIGNALS

LBUS DEV <9:0> - a device address from microdevice operations. Bits <9:5>
select a board, by matching against the slot number. The special slot

numbers 36 and 37 are used to select the FEP and MC boards, respectively.

Bits <4:0> select a register or operation within the board.

LBUS DEV READ L - commands the device to put data onto the Lbus data lines.
LBUS DEV WRITE L - commands the device to take data from the Lbus data lines,
at the LBUS CLOCK. Note that when LBUS DEV WRITE is used to inform the device
of a DMA memory cycle being started, the Lbus data lines contain unrelated

data perhaps associated with an unrelated memory read. LBUS DEV WRITE L should
only be depended upon at the clock edge; it should not be used to gate the clock.
If the microinstruction doing the microdevice write is NOPed by a trap or by

a control-memory parity error (e.g. a microcode breakpoint), LBUS DEV WRITE L
will be asserted for a period of time, past the leading edge of the clock, and

will then be deasserted some time before the trailing (active) edge of the clock.
LBUS DEV COND L - the selected device may ground this line (with an
open-collector nand gate) to feed a skip condition to the microcode.

Microdevice 1/0 is used for general communication with devices, for internal
communication within the processor complex (including the FEP), and for

control of DMA operations.

For general communication with devices, the Lbus simply acts as an extension

of the processor’s internal bus. Data are transmitted within a single cycle

and clocked at the trailing edge of the clock.

Microdevice read and write to slot number 36 is used for communication with

to FEP, the page tags, and the microsecond clock. Microdevice read and

write to slot number 37 is used for communication with the MC and SQ

boards. (It is used when reading and writing the NPC register in the SQ

board in order to reserve the Lbus and connect it to the datapath; the

control signals to the SQ board are transmitted separately.)

DMA works as follows. The device reguests a task wakeup when it wants to
transfer a word to or from memory. The microcode task wakes up for 2

cycles. The first cycle puts the address on the Lbus address lines, makes

a read or write request to memory, and also increments the address. The

second cycle decrements the word count, to decide when the transfer is

done. The microcode asserts DISMISS during the first cycle (the task

switch occurs after the second cycle.) The device is informed of the DMA
operation by the microcode through the use of a microdevice write during

the first cycle. This microdevice write does not transfer any data to the

device, but simply tells it that a DMA operation is being performed, and

clears its wakeup request flag. (The wakeup request is removed from the

bus immediately, and the flag is cleared at the clock edge.) For a read

from device into memory, the device puts the data on the bus during the

active cycle (one cycle after the microdevice write) and it is written into

memory. For a write, the device takes data from the bus two cycles after

the microdevice write.

Some devices look like memory, rather than using microdevice I/0. The

criterion for which to use is generally whether the device is operated

by special microcodes, and the convenience and need for speed of that microcode.
Devices that look like memory can be accessed directly by Lisp code.

SPY SIGNALS

SPY <7:0> - an 8-bit, bidirectional, rather slow bus used for diagnostic
purposes. Allows the FEP to read and write various cpu state while the
machine is running. .

SPY ADDR <5:0> - addresses the diagnostic register to be read or written
SPY READ L - gates data from the selected register onto the spy bus.

SPY WRITE L - clocks data from the spy bus into the selected register, on
the trailing edge.

SPY DMA SIGNALS

When the spy bus isn’t being used for diagnostics, the FEP uses it as a
special side-door path to certain DMA devices. Normally the FEP uses it

to receive a copy of all incoming network packets; it can also set it up

to transmit to the network and to read from the disk (possibly also to

write the disk; this is unclear and not yet determined). Details are

in <LMHARD>DMA.DESIGN; that part of that file is said to be up to date.
SPY <7:0> - 8 bits of data to or from DMA device. These lines are
continuously driven during DMA operations; the FEP’s DMA buffer does
not latch them.

SPY DMA ENB L - asserted if DMA operations are permitted to take place;
deasserted if the spy is being used for diagnostic purposes.

SPY DMA SYNC { - a clock, asseted by the device. On the rising edge of
this a byte is transferred and the address is incremented. The device

must take the data (for write) or supply the new data (for read) on or

before the leading edge of this. This is the same wire as SP'Y ADDR 0.

SPY DMA BUSY L - asserted if the DMA operation has not yet completed.
This can be asserted by the device or the FEP or both, depending on who
determines the length of the transfer. For example, for network input




4,887,235
37 38

TABLE 4-continued

this comes from the device, while for network output and disk input
it comes from the FEP (the disk doesn’t know it’s own block size).
This is the same wire as SPY ADDR 1.

Timing Requirements.

LBUS RESET and LBUS POWER RESET are asynchronous. All other side-effects
should take place at the trailing edge of the clock. LBUS REQUEST and

the address lines are stable before the leading edge of the clock. LBUS WRITE
however is only valid at the trailing edge of the clock; it can change as

the result of a trap. Consequently it is illegal for memory reads to have
side-effects, as memory reads not requested by the program can occur.

In a microdevice write, the address lines (LBUS DEV 0-9) are stable throughout
the cycle, however the data (LBUS 0-35) and LBUS WRITE itself are only valid
at the trailing edge of the clock. The data lines are only driven during

SECOND HALF.

In a microdevice read, the address lines (LBUS DEV (-9} are stable

throughout the cycle, however LBUS READ itself is only valid at the

trailing edge of the clock; side-effects are permitted but may only happen

at the clock. The data (LBUS 0-35 or in some devices LBUS 0-31) should be
driven throughout the cycle.

TASK 8-15 REQ and TASK 4 REQ are asynchronous and may be driven at any time.
Once a task is requested, it should stay requested until explicitly dismissed

or until LBUS RESET. When a task is dismissed, the task request must be
deasserted during the cycle that is dismissing, so that a new task of

presumably lower priority can be scheduled. The task request flip flop

however must not be cleared until the trailing edge of the clock, the

time when all side-effects occur. During the cycle after a dismiss the

task request will not be looked at by the processor, however the device

should deassert its request as quickly as it can (a glitch is expected

at the beginning of the cycle).

Data driven onto the Lbus data lines (LBUS 0-43) must be synchronized to

the processor clock; failure to observe this rule can cause every sort of

internal parity error in the processor as well as memory ECC errors. When
reading from memory, the data must be stable on the bus as early as

possible, to allow time for the ECC-error decision before the end of FIRST
HALF. Memory read data are driven onto the bus during FIRST HALF, and then
latched by the processor during SECOND HALF. This latch is followed by a
second one, that is opened during the middle of FIRST HALF to pick up the
raw data, and again during the middle of SECOND HALF to pick up the
ECC-corrected data (if any). (“Middle” is controlled by PROC WP). Even
devices that deassert LBUS WITH ECC must provide the data early enough to
avoid synchronizer failure in either of these latches.

When reading from a microdevice, there is more timing leeway since the
microcode knows the specific device it is reading from and can use

a slow-first-half cycle. Also there is no ECC computation. The microdevice
drives the data lines during the first half and the processor

effectively clocks them at the trailing edge of FIRST HALF (actually there

is one latch open during FIRST HALF followed by a second latch open

during SECOND HALTF, this is done for hardware minimization reasons).

The device data must be stable early enough to avoid synchronizer

failure in these latches. The microcode will use a slow-second-half

cycle if necessary, since it does not see the data until SECOND HALF.

Lbus data lines not driven by a microdevice will be brought to 1 by

the terminator, but not quickly enough to avoid problems. Thus ail

microdevice reads must drive at least LBUS 0-33.

Note that when doing a memory read, the data are driven two clocks

after the request (skipping LBUS WAIT cycles); the bus-driver enable

should come from a clocked register. When doing a microdevice read.

the data are driven by LBUS DEV READ gated by matching of LBUS DEV ADDR
9-5. LBUS DEV READ takes some time after the beginning of the cycle

to become stable, and the device should introduce as little additional

delay as it can. The device should only drive the bus during FIRST HALF,

so that it turns off in plenty of time before the next cycle.

When writing into memory from a DMA device, the data, including the ECC
code added by the memory control, must be stable at the memory chips

before the leading edge of the clock (which is when WRITE is asserted

to the RAMs).

When a cycle is extended because of a trap, so that FIRST HALF happens twice,
the latch through which the processor receives Lbus data is only opened

during the first FIRST HALF. When a cycle is repeated because of LBUS WAIT,
memory-read data are only received from the bus during the first instance

of the cycle. (This only happens when a block read is done from a device

that uses LBUS WAIT, since only in a block read can an active cycle and

a data cycle coincide, and LBUS WAIT is associated with active cycles.)
Microdevice-write and memory-write data are driven during throughout an
extended or repeated cycle (microdevice-write data are only driven during
SECOND HALF).

The leading edge of FIRST HALF does not precede the trailing edge of

the clock. It is not a good idea to depend on this. The trailing

edge of FIRST-HALF preceeds the leading edge of the clock.

LBUS WITH ECC is driven with the same timing requirements as the data

lines.

LBUS DEV COND must be stable before the trailing édge of the clock.
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SPY ADDR 5-0 are stable whenever SPY READ or SPY WRITE is asserted.
The SPY data lines should be clocked by the trailing edge of SPY WRITE,
and should be driven whenever SPY READ is asserted. If a bidirectional
transceiver is used to bring the SPY bus onto a board, its direction

should be controlled by SPY READ, so that it will not glitch at the

trailing edge of SPY WRITE; the FEP latches the SPY lines before it
deasserts SPY READ. The FEP allows a long time {?? ns] for a spy

read or write, so slow logic may be employed on this bus.

LBUS ADDR 0-11 AAL-12 DP SQ- MC* AU- FEP* BUS
LBUS ADDR 12-23 AA13-24 MC* AU- FEP* BUS

U TYPE MAP SEL 0-5 AA13-18 DP SQ*
SPYREADDPIDL AAI19 DP SQ*

U XYBUS SEL AA20 DP SQ*

U STKP COUNT AA21 DP SQ*

U OBUS COR 0-2 AA22-24 DP SQ*

U OBUS HTYPE 0-2 AA25-27 DP SQ*

LBUS ID REQUEST L AA25 MC- AU- FEP* BUS

LBUS BLOCK REQUEST L. AA26 MC* AU- FEP- BUS-

LBUS DEV READ L AA27 MC* AU- FEP BUS

U OBUS LTYPE SEL AA28 DP SQ*

LBUS DEV WRITE L AA28 MC* AU- FEP BUS

LBUS DEV COND L AA29 DP- SQ MC- AU- FEP- BUS*
FEP CONTINUITY AA30 DP SQ MC AU FEP*

Asserted by the FEP and read back on the other continuity lines
to detect the presence of processor boards (and in the correct slots).

MC CONTINUITY AA31 DP- SQ- MC* AU- FEP
Jumpered to FEP CONTINUITY on the MC card.

SQ CONTINUITY AA32 DP- SQ* MC- AU- FEP
Jumpered to FEP CONTINUITY on the SQ card.

LBUS 0-29 AC1-30 DP* SQ MC* AU FEP* BUS*
DP CONTINUITY AC31 DP* SQ- MC- AU- FEP
Jumpered to FEP CONTINUITY on the DP card.

AU CONTINUITY AC32 DP- SQ- MC- AU* FEP
Jumpered to FEP CONTINUITY on the AU card.

SPY 0-7 BA1-8 DP- SQ* MC* FEP* BUS*
SPY ADDR 0-5 BA9-14 DP- SQ MC AU FEP* BUS
SPY ADDR 0-1 also used for FEP-DMA

SPY READ L- BAIS DP- SQ MC AU FEP* BUS
SPY WRITE L BA16 DP- SQ MC AU FEP* BUS
SPY DMA ENB L BA17 FEP* BUS

(spare) BA17 DP- SQ- MC- AU-
TASK4REQL BA18 DP- SQ MC- AU- FEP- BUS*
Low-priority task wakeup

LBUS DEV 0-9 BA19-28 DP SQ* MC AU- FEP BUS
U AMWA 0-9

Note that these lines have two names, since they serve as both the
Lbus microdevice address and some datapath control signals. The same
wires are bussed ail the way through both the processor and the Lbus.

LBUS FIRST HALF +,— BA29,BC29 FEP* BUS

Terminate with 68 ohms to —2 V at end of BUS.

(spare) BA29,BC29 DP- SQ- MC- AU-
TASK 8-9 REQL BA30,BC30 DP- SQ MC- AU- BUS*
(See below; listed here since they fall here in pin order)

(spare) BA31 DP- SQ-

-COND BC31 DP* SQ*

EXTERNAL REQUEST L BA31 MC- *** BUS*
EXTERNAL GRANT L BC31 MC* *** BUS-

Traces between SQ and MC should be cut. These will have

to be jumpered around the AU and FE slots.

LBUS CLOCK +,— BA30,BC30 FEP*
BA32,BC32 BUS

Terminate with 68 ohms to —2 V at end of BUS.

Note that these signals change pin number at the FEP.

PROC CLOCK +,—~ BA32,BC32 DP SQ MC AU
BA31,BC31 FEP*

(Separately-driven duplicate of LBUS CLOCK.

Terminate with 68 ohms to —2 V at DP end.

Note that these signals change pin number at the FEP.

LBUS 30-35 BC1-6 DP* SQ MC* AU FEP* BUS*
LBUS 36-43 BC7-14 MC* AU FEP* BUS*
DP TRANSPORT TRAPL BC7 DP* SQ

Asserted if a trap is required for garbage-collector processing

of the data being read from memory (a function of the data type

and the high-order address field).

DP TYPE TRAP - BC38 DP* SQ
Asserted if the type map calls for a trap (bad data type or

invisible pointer).

DP TRAP PARAM 0-3 BC9-12 DP* SQ
Trap parameter (dispatch code for arithmetic trap, trap number

for type trap).

DP SLOW JUMP L BC13 DP* SQ
Asserted if a non-NOPing trap is required (used by the stack
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garbage collector that doesn’t exist yet).

DP MISC TRAP BC14 DP* SQ

IOR of trap conditions other than the above.

LBUS WITH ECC BC15 MC AU- FEP BUS*

AMEM PAR ERR L BC15 DP* SQ

Parity error in A-memory; stops machine

(spare) BC16 DP- SQ- MC- AU- FEP- BUS-
Spare Lbus line

LBUS POWER RESET L BC17 DP SQ MC AU FEP* BUS

Terminate somehow. May need to be brought out to power supply?
(May go to front panel also, but FEP will provide that connection.)

TASK 8-1SREQL

BA30,BC30,BC18-23
TASK 8-9 REQ L are not connected to the FEP.

DP- SQ MC- AU- FEP- BUS*

LBUS REQUEST L BC24 MC* AU- FEP* BUS
TYPE PAR ERR L BC24 DP* SQ

Parity error in type map

LBUS WRITE L BC25 MC* AU- FEP* BUS
GC MAP PAR ERR L BC25 DP* SQ

Parity error in garbage-collector address-space-quantum map

LBUS REFRESH L BC26 MC- AU- FEP* BUS
BMEM PAR ERR L BC26 DP* SQ

Parity error in B-memory; stops machine

LBUS WAIT L BC27 DP SQ- MC AU- FEP BUS*
LBUS RESET L BC28 DP SQ MC AU FEP* BUS
PROC WP +,— CAl1,CCl1 DP SQ MC AU FEP*

Write-pulse for internal static RAMSs; occurs twice per cycle.
Terminate with 68 ohms to —2 V at DP end.

PROC FIRST HALF +,- CA2,CC2
Separately-driven duplicate of LBUS FIRST HALF.
Terminate with 68 ohms to —2 V at DP end.

CLK EXTEND CYCLE CA3 DP* SQ- MC* AU- FEP
A wired-OR ECL signal, asserted when extra time is needed for a trap.

Terminate with 100 ohms to —2 V at DP end and on FEP.

CLK CS PRESET L CA4 DP SQ- MC- AU- FEP*
Forces chip-select for A,B memories on at the beginning of the cycle,

until there has been enough time for the pass-around decision.

(Saves a few nanoseconds).

DP SQ MC AU FEP*

SQ NEXT INSTL CAS DP SQ* MC AU- FEP-
Asserted if this is the last microinstruction for this

macroinstruction.

U AMRA 0-5 CA6-11 DP SQ*
FEPLBUSRQL CA6 MC AU- FEP*
Asserted if FEP wants the bus or is using it (active cycle).

REFRESHRQL CA7 MC AU- FEP*
Asserted if time for a memory refresh, or refresh active cycle.

MC ECC DELAY CAS MC* AU- FEP
Extends the clock during the second half in order to provide

time for single-bit error correction.

This is an ECL signal.

DOUBLE ECC ERROR L CA9 MC* AU- FEP

True if there is an uncorrectable error in the data for this

memory read.

(unknown) CAl0-11 MC AU- FEP

U AMRA 6-11 CA12-17 DP SQ* MC AU(-?)

U AMRA SEL 0-1 CA18-19 DP SQ* MC AU(-?)

U AMWA 10-11 CA20-21 DP SQ* MC AU(-?)

U AMWA SEL 0-1 - CA22-23 DP SQ* MC AU(-?)

U MAGIC 0-3 CA24-27 DP SQ* MC AU

U SPEC 04 CA28-32 DP SQ* MC AU

CLK WO ENB L, CcC3 DP SQ- MC- AU- FEP*
Another timing signal for A,B memory.

DP SET GC TAG L CC4 DP* SQ- MC- AU- FEP

Registered output from the GC map indicating that the
Abus datum is a pointer to a temporary space. This sets

a GC page tag bit if main memory is being written.
NOPL CCs

Asserted if the current microinstruction should not do
anything, because the processor is stopped, stalled, or
trapping (valid late, should not be used to gate the clock).

DP SQ* MC AU FEP-

U SPEED 0-1 CC6-7 DP- SQ* MC- AU- FEP
CLK EXTRA INNINGS CC3 DP- SQ MC- AU- FEP*
Asserted during the second cycle of a trap.

TASK 3 REQ CC9 DP- SQ MC- AU- FEP*

Task wakeup from the FEP

MC PROC NORMAL GRANTL CC10

Asserted if the LBUS ADDR ‘lines contain an address derived
by mapping the VMA to a physical address. This signal enables
the DP card to capture the mapped address for possible later

use in addressing A-memory. Also used by the page tag memory.

DP SQ- MC* AU- FEP

PAGE TAG PAR ERR L CCl11 DP- SQ MC- AU- FEP*
Parity error in page tag memory; stops machine.
SPARE ERROR L - cC12 DP- SQ MC- AU-
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Grounding this halts the machine after completing the current
microinstruction;
(spare) CC13-15 DP- SQ- MC- AU-

Bus these across processor (except FEP) and maybe we’ll

find a need for them.

INSTO-7 CC16-23 DP MC*
Low 8 bits of the current macroinstruction.

Note: these lines are wired around the SQ slot.

U AUOPO-7 CC16-23 SQ* AU
Microcode control for the AU.

[This assumes 8 more bits of control memory are wedged in.]

Note: these lines are wired around the MC slot.

AU STOP L CC24 SQ AU*
Any error on the AU that needs to stop the machine.

Note: this line is wired around the MC slot.

(spare) CC25-28 SQ- AU-
Connect these between the SQ and AU for possible future use

Note: these lines are wired around the MC slot.

SEQUENCE BREAK CC24 DP* MC
Macrocode interrupt request.

Note: this line is wired around the SQ slot.

MC COND CC25 DP MC*
A microcode skip condition.

Note: this line is wired around the SQ slot.

MC OBUS TO LBUS L CC26 DP MC*
Enables the datapath output to drive the Lbus

Note: this line is wired around the SQ slot.

MC OBUS REG TO LBUS L ccC27 DP MC*
Enables the datapath result from the previous microinstruction

to drive the Lbus (used when writing main memory)

Note: this line is wired around the SQ slot. .

MC ADDR IN AMEM L CC28 DP MC*
Indicates that the VMA maps to an A-memory address

Note: this line is wired around the SQ slot.

MC ABUS 32-35 CC29-32 DP* SQ- MC* AU*
Data bus between DP, MC, and AU. )
MC ABUS 0-31 DC1-32 DP*

DA1-32 MC* AU*

Bidirectional data bus between DP, MC, and AU.

Note: this is wired around the SQ slot.

Note: this is on the “C” column at the DP, but the “A” column
elsewhere.

U BMRA 0-7 DA1-8 DP SQ*
U BMWA 0-3 DAS-12 DP SQ*
U BMEM FROM XBUS DA13 DP SQ*
U COND FUNC 0-1 DA14-15 DP SQ*
U COND SEL 04 DA16-20 DP SQ*
UBYTEF 0-1 DA21-22 DP SQ*
U ALU 0-3 DA23-26 DP SQ*
DISPATCH 0-3 DA27-30 DP* SQ
Contents of field being dispatched on

(spare) DA31-32 DP- SQ-
(spare) DC1-4 SQ- MC-
CUR TASK 0-3 DCs5-8 SQ* MC
Task in which the current microinstruction is executing

TASK SWITCH L DCY SQ* MC
Asserted if the next microinstruction will be from a different task
WANT NEXT INST DC10 SQ* MC

Asserted if the address supplied by the IFU in the previous cycle
is actually being used as the next microinstruction address.
Stalls the processor if the address was not valid after all.

MC WAIT DCIi1 SQ MC*
Asserted if the processor must stall and wait for the Lbus

MC MAP MISS L DCI12 SQ MC*
Asserted if a map-miss trap should be taken

MC TRAP PARAM 0-1 DC13,14 SQ McC*
Modifiers for trap address

MC TASK INHIBIT L DC15 SQ MC*
Inhibits a task switch after the next instruction.

MC STOP L DC16 SQ McC*
Any parity error on MC board; stops processor.

IFU DISP 2-13 DC18-28 SQ McC*

Control-memory address of the first microinstruction to execute

the next macroinstruction

(spare) DC29-30 SQ- MC-

U MEM 2-0 DC17,DC31-32 SQ* MC
Memory-control control field

Bit 2 is not next to the other bits for historical reasons

Pins DC1-32 on the AU slot are left unconnected for possible cabling

to a second board or other expansion.

Pins CA11-32, CC12-32, DA1-32, DC1-32 on the FEP slot are left unconnected
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for paddleboard use.

A main goal of the system architecture is to execute
one simple macroinstruction per clock tick. The instruc-
tion fetch unit (IFU) supports this goal by attempting to
prefetch macroinstructions and perform microinstruc-
tion dispatching in parallel with the execution of previ-
ous instructions.

The prefetch (PF) part of the IFU fills a 1 Kword
" instruction cache, which holds the 36-bit instruction
words. Approximately 2000 17-bit instructions can be
held in the instruction cache. The instructions have a
data type (integer). The IFU feeds the cache takes the
instructions, decodes them, and produces a microcode
address. There is a table which translates a macroin-
struction onto an address of the first microinstriction.

At the end of the clock tick the processor decides
whether it needs a new instruction or it should continue
executing microcode.

The system instruction set corresponds very closely
to Zetalisp. Although one never programs directly in

the instruction set one will encounter the instruction set-

when using the Inspector or the Window Error Han-
dler. The instructions are 17 bits long. Seven instruction
formats are used:

1. Unsigned-immediate operand—This format is used
for program-counter-relative branches, immediate fix-
num arithmetic, and specialized instructions such as
adjusting the height of the stack.

2. Signed-immediate operand—The operand is an
8-bit two’s complement quantity. It is used in a similar
manner as the unsigned-immediate format.

3. PC-relative operand—This is similar to signed-
immediate, with the offset relative to the program
counter.

4. No-operand—If there are any operands, they are
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the stack. Also used by many basic Zetalisp instructions.

5. Link operand—This specifies a reference to a link-
age area in a function header.

6. @Link operand—This specifies an indirect refer-
ence to a stack frame area associated with a function.

7. Local operand—The operands are on the stack or
within a function frame. This format is used for many
basis Zetalisp instructions.

Many instructions address a source of data on which
they operate. If they need more than one argument, the
other arguments come from the stack. Examples include
PUSH (push source onto the stack), ADD (add source
and the top of stack), and CAR (take the car of the
source and push it onto the stack). These instructions
exist in several formats.

There is no separate destination field in the system
instructions. All instructions have a version which
pushes onto the stack. Additional opcodes are used to
specify other destinations.

The following categories of instructions are defined
for the system:
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Data motion instructions—The instructions move
data without changing it. Examples include PUSH,
POP, MOVEM, and RETURN.

Housekeeping instructions—These are used in mes-
sage-passing, function called, and stack manipulation.
Examples include POP-N, FIX-TOS, BIND, UN-
BIND, SAVE-BINDING-STACK-LEVEL,
CATCH-OPEN, and CATCH-CLOSE.

Function calling instructions—These use a non-
inverted calling sequence; the arguments are already on
the stack. Examples include CALL, FUNCALL, FUN-
CALL-VAR, LEXPR-FUNCALL, and SEND.

Function entry instructions—These are used within
functions that take more than four arguments or have a
rest argument, and hence do not have their arguments
set up by microcode. Examples include TAKE-N-
ARGS, TAKE-N-ARGS-REST, TAKE-N-OPTION-
AL-ARGS, TAKE-N-OPTIONAL-ARGS-REST.

Function return instructions—These return values
from a function. The main opcode 9 is RETURN, with
some variations.

Multiple value receiving instructions—These take
some number of values off the stack. Example: TAKE-
VALUES.

Quick function call and return instructions—These
are fast function calls. Example: POPJ.

Branch instructions—Branches change the flow of
program control. Branches may be relative to the pro-
gram counter or to the stack.

Predicates—These include standard tests such as EQ,
EQL, NOT, PLUSP, MINUSP, LESSP, GREA-
TERP, ATOM, FIXP, FLOATP, NUMBERP, and
SYMBOLP.

Arithmetic instructions—These perform the standard
arithmetic, logical, and bit-manipulation operations.
Examples include ADD, SUBTRACT, MULTIPLY,
TRUNC?2 (this does both division and remainer), LO-
GAND, LOGIOR, LOGXOR, LDB, DPB, LSH,
ROT, and ASH.

List instructions—Many Zetalisp list-manipulation
instructions are microcode directly into the system.
Examples are CAR, CDR, RPLACA, and RPLACD.

Symbol instructions—These instructions manipulate
symbols and their property lists. Examples include
SET, SYMEVAL, FSET, FSYMEVAL, FBOUNDP,
BOUNDP, GET-PNAME, VALUE-CELL-LOCA-
TION, FUNCTION-CELL-LOCATION, PROPER-
TY-CELL-LOCATION, PACAKGE-CELL-LOCA-
TION.

Array instructions—This category defines and
quickly manipulates arrays. Examples include AR-1,
AS-1, SETUP-1D-ARRAY, FAST-AREF, ARRAY-
LEADER, STORE-ARRAY-LEADER are used to
access structure fields.

Miscellaneous instructions—These include pseudo
data movement instructions, type-checking instruc-
tions, and error recovery instructions not used in nor-
mal compiled code.
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The system instruction execution engine works using
a combination of hardware and microcode. The engine
includes hardware for the following functions:

Address computation

Type-checking

Rotation, masking, and merging of bit fields

Arithmetic and logical functions

Muttiplication and division

Result-type insertion

To give an example of the instruction execution en-
gine, a 32-bit add instruction goes through the following
sequence of events.

Fetch the operands (usually from the stack); error
correction logic (ECC) checks the integrity of the data;
ECC does not add to the execution time if the data is
valid.

Check the data type fields.

Assume the operands are integers and perform the
32-bit add in parallel with the data type checking (If the
operands were not integers, trap to the microcode to
fetch the operands and perform a different type of add).

Check for overflow (if present, trap to microcode).

Tag the result with the proper data type.

Push the result onto the stack.

There is no overhead associated with data type
checking since it goes on in parallel with the instruction,
within the same cycle.

Rather than having the ECC distributed on all of the
boards of the system as shown in FIG. 1, a single cen-
tralized ECC is located on the memory control board.
All data transfers into and out of the memory and on the
Lbus pass through the single centralized ECC. The
transfers between peripherals and the FEP during a
micro DMA also pass through the centrallized ECC on
the way to the main memory.

FRONT END PROCESSOR

During normal operation, the FEP controls the low
and medium-speed input/output (I/0) devices, logs
errors, and initiates recovery procedures if necessary.
The use of the FEP drastically reduces the real-time
response requirements imposed directly on the system
processor. Devices such as a mouse and keyboard can
be connected to the system via the FEP.

The front end process also feeds a generic bus net-
work which is interfaced through the FEP to the Lbus
and which, by means of other interfaces are able to
convert Lbus data and control signals to the particular
signals of an external bus to which peripherals of that
external bus type may be connected. An example of an
external bus of this type is the multibus. The Lbus data
and control signals are converted to a generic bus for-
mat by the circuitry of FIGS. 151-2 and 157-8 indepen-
dent of the particular external bus to be connected to
and thereafter convert the generic bus format of data
and control signals to that of the external bus.

Four serial lines are connected to the FEP. Two are
high-speed and two are low-speed. Each one may be
used either synchronously or asynchronously. One
high-speed line is always dedicated to a system console.
One low speed line must be dedicated to a modem. The
band rate of the low-speed lines is programmable, up to
19.2 Kbaud. The available high-speed line is capable of
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speeds up to 1 Mbaud. All four lines are terminated
using standard 25-pin D connectors.

Real-time interrupts from the MULTIBUS are pro-
cessed by the FEP. After receiving an interrupt, the
FEP traps to the appropriate interrupt handler. This
handler writes into a system communication area of the
FEP’s main memory, and then sends an interrupt to the
system CPU. The system CPU reads the message left
for it in the system communication area and takes ap-
propriate action.

The paddle cards of FIGS. 168-176 provide the re-
minder of the external bus interface circuitry. Table 5
below indicates the signals to and from the paddle
boards for a storage module drive disk controller and
for a priam device.

Interrupt processing is sped up by the use of multiple
microcontexts stored in the system processor. This
makes interrupt servicing faster, since there is no need
to save a full microcontext before branching to the
interrupt handler.

The FEP also has the ability to achieve processor
mediated DMA transfers.

DMA operations from the system to the FEP may be
carried out at a rate of 2 MByte per second.

I/0 device DMA interface (to FEP buffer and to
Microcode Tasks)

FEP to device:

FEP fills buffer with data, arranged so that carry out
of buffer address counter happens at right time for stop
signal to device. FEP resets address counter to point to
first word of data. FEP sets buffer mode to enable
buffer data to drive the bus (SPY 7:0), sets device to tell
it what operation, the face that it is talking to the FEP,
and to enable it to drive the bus control signal SPY
DMA SYNC.

Device takes a word of data off of the bus and gener-
ates a pulse on SPY DMA SYNC. The trailing edge of
this pulse increments the address counter as well as
clocking the bus into the device’s shift register. A carry
comes out of the address counter during this pulse if this
is the last word (or near the last, depending on device);
this carry clears SPY DMA BUSY which tells the de-
vice to stop.

When SPY DMA BUSY clears the FEP is inter-
rupted.

Device to FEP:

For disk, which needs a stop signal, FEP arranges
address counter so carry out will generate a stop signal.
Network generates its own stop signal based on end-of-
packet incoming. FEP resets address counter to point
one word before where first word of data should be
stored. FEP sets buffer mode to not drive the bus and to
do writes into buffer memory, sets device to tell it what
operation, the fact that it is talking to the FEP, to enable
it to drive the bus from a register, and to enable it to
drive the bus control signals SPY DMA SYNC and
SPY DMA BUSY (if it is the net).

When device has a word of data, it generates a pulse
on SPY DMA SYNC. Trailing edge of this pulse clocks
the data into a register in the device, which is driving
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SPY 7:0, and increments the address counter, which
reflects back SPY DMA BUSY (if device is the disk).
The buffer control logic waits for address and data
setup time then generates an appropriate write pulse to
the memory.

When SPY DMA BUSY clears the FEP is inter-
rupted. .

To summarize device FET interface lines:

SPY 7:0

Bidirectional data bus. This is the same bus used for
diagnostics.

SPY DMA ENB L

Asserted if the spy bus may be used for DMA. The
FEP deasserts this when doing diagnostic reads and
writes, to make sure that no DMA device drives the spy
bus.

SPY DMA SYNC

Driven by selected device, trailing (rising) edge in-
crements address counter and starts write timing chain.
This is open-collector.

SPY DMA BUSY L

An open-collector signal which is asserted until the
transfer is over. This is driven by the device or the FEP
depending on who decides the length of the transfer.
(Probably the FEP drives it from a flip flop optionally
set by the program, and cleared by the counter over-
flow.) The FEP can enable itself to be interrupted when
SPY DMA BUSY is non-asserted.

- An 1/0 or generic bus is used to set up the device’s
control registers to perform the transfer and to drive or
receive the above signals. Note that all of the tristate
enables are set up before the transfer begins and remain
constant during the entire transfer.

Device to microtask:

The devices control resistors are first set up using the
1/0 bus and the state of the microtask is initialized (both
its PC and its variables, typically address and word
count). A task number is stored into a control register in
the device. ’

When the device has a word of data, it transfers it to
a buffer register and sets WAKEUP. This is the same
timing as FEP DMA NEXT: WAKEUP may be set on
either edge since the processor will not service the
request instantaneously. If WAKEUP is already set, it
sets OVERRUN, which will be tested after the transfer
is over.

The processor decides to run the task (see below).
During the first cycle, the task microcode specifies
DISMISS: the device sees this, gated by the current
task equals its assigned task number, and clears
WAKEUP at the end of the cycle. DISMISS also
causes the processor to choose a new task internally.
The microcode also generates a physical address. The
device also sees the microcode function DMA-WRITE,
gates by current task equals device’s task, and drives the
buffer register onto the bus. The processor drives the
ECC-syndrome part of the bus and sends a write com-
mand to the memory.

During the second cycle, the processor counts down
the word count, and does a conditional skip which
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affects at what PC the task wakes up next time, depend-
ing on whether the buffer has run out.

During the cycle two cycles before the first task
cycle, the device drives its status onto 3 or 4 special bus
lines, which the microtask may have enables to dispatch
on. This is used for such things as stopping on disk
errors and stopping at the end of a network packet.

Microtask to device:

The device’s control registers are first set up using the
170 bus, and the state of the microtask is initialized
(both its PC and its variables, typically address and
word count). A task number is stored into a control
register in the device. WAKEUP is forced on so that
the first word of data will be fetched.

When the device wants a word of data, it takes it
from a buffer register and sets WAKEUP so that the
microtask will refill the buffer register. At the same time
it sets BUFFER EMPTY, and if it is already set, sets
OVERRUN.

During the first cycle of the task, the microcode
spcifies DISMISS, which clears wakeup. It also gener-
ates an address and specifies DMA-READ. In the sec-
ond cycle the task decrements the word count. In the
third cycle (task not running), the ECC-corrected data
is on the bus; at the end of this cycle it is clocked into
the buffer register and BUFFER EMPTY is cleared.
DMA-READ anded with current task-device task is
delayed through two flip-flops then used to enable this
clocking of the holding register.

Task selection hardware (in device and processor):

Device has a task-number register and a WAKEUP
flip/flop, which is set by the device and cleared by the
DISMISS signal from the processor when the current
task equals the device’s task. This can be an R/S flip
flop or a J/K with either the set or the clear edge-trig-
gered depending on what the device wants; the proces-
sor doesn’t care. In the device to microtask case above,
WAKEUP was being used for the overrun computa-
tion, and therefore the clearing should be edge-trig-
gered.

WAKEUP enables an open-collector 3-8 decoder
which decodes the assigned task number and drives the
selected TASK REQUEST n line to the processor.

The processor sends the following signals to the de-
vice in addition to the normal I/0 bus and clock;

CURRENT TASK (the task which the executing

microinstruction belongs to)

NEXT NEXT TASK (2 clocks ahead of CURRENT

TASK)

DISMISS (current task says to clear wakeup)
TASK-SPECIFIC FUNCTION (communication
from microcode to device) .
TASK STARTUP DISPATCH (DMA-READ,

DMA-WRITE decodes of this) (communication
from device to microcode, driven if NEXT NEXT
TASK matches assigned task)

The processor synchronizes the incoming TASK
REQUEST lines into a register, clocked by the normal
microcode clock. The register is ANDed with a de-
coder which generates FALSE for the current task if
DISMISS is asserted. The results go into a priority
encoder. The output of the priority encoder is com-
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pared with current task. If they differ, and the micro-
code is asserted TASK SWITCH ENABLE, and the
machine did not switch tasks in the previous cycle, then
it switches tasks in this cycle. During the second half of
the cycle, NEXT NEXT TASK is selected from the
priority encoder output rather than CURRENT
TASK, and the state of that task is fetched. There do-
esn’t appear to be a useful place to use a PAL here.

When DISMISS is done, WAKEUP does not clear
until the end of the cycle, which means it is still set in
the synchronizer register. However, the output of the
priority encoder will never be looked at during the
cycle after a DISMISS, since we necessarily switched
tasks in the previous cycle.

Minimum delay from WAKEUP setting to starting
execution of the first microinstruction of the task is two
cycles, one to fetch the task state and one to fetch the
microinstruction. This can be increased by up to one
cycle due to synchronization, by one cycle due to just
having switched tasks, and by more if there are higher-
priority task requests or the current task is disabling
tasking (e.g. tasking is disabled for one cycle during a
memory access). Max delay for the highest priority task
is then 5 cycles or 1 microsecond, assuming tasking is
not disabled for more than one cycle at a time.

When the microcode task is performing a more com-
plicated service than simple DMA, the WAKEUP
flip/flop in the device must remain set until the last
microinstruction to keep the task alive.

The FEP boots the machine from a cold start by
reading a small bootstrap program from the disk, load-
ing it into the system microcode memory, and executing
it. Before loading the bootstrap program, the FEP per-
forms diagnostics on the data paths and internal memo-
ries of the processor.

Error handling works by having the FEP report
error signals from the system processor. If the errors
come from hardware failures detected by consistency
checks (e.g., parity errors in the internal memories) then
the processor must be stopped. At this point the FEP
directly tests the hardware and either continues the
processor or notifies the user. If the error signals are
generated by software (microcode or Zetalisp) then the
FEP records the error typically, disk or memory er-
rors).

Periodically, the system requests information from
the FEP and records it on disk, to be used by mainte-
nance personnel. Since the FEP always has the most
recent error information, it is possible to retrieve it
when the rest of the machine crashes. This is especially
useful when a recent hardware malfunction causes a
crash. Since the error information is preserved, it can be
recovered when the processor is revived. :

Functions are divided into three categories according
to their real-time constraints:

Unit selection, seeking, and miscellaneous things like
recalibration and error-handling are done by Lisp code.
There are 1/0 device addresses (pseudo-memory) whic
allow sending commands to the disk drive and reading
back its status (and its protocol, e.g. SMD, Priam).
When formatting the disk, the index and sector pulses
are directly read from the disk through this path and the
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timing relative to them is controlled by Lisp code or
special formatting microcode.

Head selection is the same except that it is done by
microcode rather than Lisp code so that an I/0 opera-
tion may be continued from one track to the next in a
cylinder without missing a revolution because of the

- delay in scheduling a real-time process to run some Lisp

code.

Read/write operations are done by disk control hard-
ware in cooperation with microcode. There is a state
machine which generates the “control tag” signals to
the drive (i.e. read gate and write gate), controls the
requests to the microcode task to transfer data words
into or out of main memory, and controls the ECC
hardware.

When the FEP is using the disk, the first two func-
tions above are performed by LIL code in the FEP; the
third function is performed by the disk state machine in
cooperation with the FEP’s high-speed 1/0 buffer.

The disk state machine can select its clock from one
of two unsynchronized clocks, both of which come
from the disk. One is the servo clock and the other is the
read clock, derived from the recorded data. Servo clock
is always valid while there is a selected drive, it is spin-
ning, and it is ready. Delays are always generated from
the servo clock, not from the machine clock or one-
shots.

The state machine is started by an order from the
microcode, Lisp code, or the FEP and usually runs until
told to stop. When an SMD is being used, most of the
lines on the disk bus, including control tag, come from
a register which must be set up beforehand, but the
Read Gate and Write Gate lins are OR’ed in by the state
machine.

The state machine stops and sets an error flag if any
of the following conditions occurs:

No disk selected (SMD)

Muitiple disks selected (SMD)

Disk not ready (Priam)

Overrun (slow response from microcode)

An unexpected index or sector pulse

Writing the command register while the state ma-
chine is running

These error checks prevents clobbering an entire
track if the microcide dies for some reason and never
sends the stop signal.

Other errors from the disk, such as Of Cylinder, are
not checked for. Most drives will cause a fault if any
error occurs while writing. The disk error status (in-
cluding fault) is checked by microcode and by mac-
rocode after the sector transfer is completed.

The state machine can hang if the clocks from the
disk turn off for some reason. The macrocode should
provide a timeout.

The following orders to the state machine exist, i.e. it
has the following program in its memory:

Read: The state machine delays, turns on read gate,
delays some more, changes from the internal clock to
the disk bit clock, waits for async pattern, then reads
data words and gives them to the microcode until told
to stop. The stop signal is issued simultaneous with the
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acceptance of the third-to-last data word by the micro-
code task. After reading the last data word, the ECC is
read, and the microcode task is awakened one last time
as the state machine goes idle. The microcode reads the
ECC-0 flag over the bus; the flag is 1 if no error oc-
curred. :

Read Header: The state machine waits for a sector
pulse, delays, turns on read gate, delays some more,
changes from the internal clock to the disk bit clock,
waits for async pattern, reads one data word (a sector
header), turns off read gate, and falls into the Read
program. The header word is given to the macrocode as
data (32 bits of header and 4 bits of garbage); it is up to
the microcode to do header-comparison to make sure
that the proper section is being accessed. There is no
ECC on the header, instead there are some redundant
bits which the microcode checks in parallel with the
real bits. In other words, the header consists of 6 bits of
sector number, 6 bits of head number, 12 bits of cylinder
number, and 4 bits of some hash function of the other
bits, fitting into the 28-bit header stored in a DCW list.

“Memory-mapped” 1/0 is used for all functions ex-
cept those relating to the DMA task. This allows the
FEP to read from the disk simply by doing Lbus opera-
tions, with no need to execute microinstructions (the
CPU however must be stopped or at least known not to
be touching the disk itself). No provision is made for the
FEP to use the disk when the Lbus is non-functional.

Command Register: This register directly controls
the bus, tag and unit-select lines to the disk(s), provides
a DMA task assignment, and selects a state-machine
program to be executed. If the state machine is running
when the command register is written, it is stopped with
an error. Otherwise it may optionally be started (if bit
24 is 1). Writing the command register resets various
error conditions. All bits in the command register may
be read back. All bits in the command register except
the low 8 are zeroed by Lbus Reset.

10:0 Disk. bus.

11 Obus in
15:12 SMD: tage 3:0
- 19:16 Unit number

23:20 Command opcode (selects state machine
program)

24 Start. Starts state machine if 1. Reads
back as —DISK IDLE (1 if state machine
running).

28:25 Task. 8-15 selects that task, otherwise no
task.

29 FEP using disk. Enables SPY bus DMA.

30 32-bit mode (forces fixnum data type in high
bits)

31 (spare)

A task wakeup occurs if the state machine orders one,
and whenever the state machine is not running. No task
should be assigned by the command register when the
state machine is not being used. A wakeup will always
occur immediately when a task assignment is given.

Diagnostic Register

This register allows a program to disable the paddle
board and simultate a disk, testing most of the logic with
the machine fully assembled. This register is cleared
when the machine is powered on.
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0 Read clock

1 Servo clock

2 Read data

3 Index

4 Sector

T:5 (spare)
Paddle Enable Register

This register is cleared when the machine is powered
on. It allows the paddle board to be turned off. It is set
to 10 for normal operation. The bits are:

0 Paddle ID enable (paddleboard IO prom to disk bus)
1 Paddle disk enable (disconnect disk part of
paddle board)
2 Paddle net enable (disconnect network part of
paddle board)
3 Paddle power OK (enable disk to spin up)

Status Register

Reading this register reads the status of the selected
drive, of the disk interface, and some internal diagnostic
signals.

Overrun and Error are cleared by writing the com-
mand register (however writing the command register
while the state machine is running will set Error and
stop the state machine).

Rotational Position Sensing

This is a 16-bit register with 4 bits for each deive,
containing the current sector number.

Error Correction

If bit 15 of the status register is 0 after a read opera-
tion, an ECC error was detected. The error-correct
state machine operation may be used to compute the
error syndrome. The microcode task wakes up every 32
bits, simply to count the bits. After the state machine
stops, the error correction register may be read:

10:0
15:11

Error pattern
Bit number within the word

DMA Transfers

A microdevice write operation is done during the
address cycle. At the same time the sequencer is old to
dismiss the task and the memory control is told to start
the appropriate (read or write) DMA cycle. Bits in the
Lbus device address are:

9:5 card slot number

4:3 subdevice (0-disk)

2:0 operation
Operations:

write disk buffer directly (rev 2 and later)
dma cycle (start dma cycle without dismission)
dismiss, task acknowledge (just clear wakeup)
dismiss & dma cycle

dismiss (only)

kill disk task

dismiss, task acknowledge, set end flag

dma cycle & set end flag & dismiss

NP WN—,O
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Operation 3 is what is normally used. Operation 1
could allow transferring multiple words per task
wakeup if there was more than 1 word of buffering: it is
also probably needed by the microcode in order to start
a DMA transfer for the disk while continuing to run the
task.

Operation 2 is used for non-data-transfer task wake-
ups, such as the wakeup on sector pulse and the wake-
ups used to count words when doing ECC correction.
It simply dismisses the task (clears wakeup), and also
has different timing with respect to the Overrun error.

Operation 5 clears the disk task assignment, prevent-
ing further wakeups, clears control tag so that the next
disk command can be given cleanly and also “acciden-
tally” clears fep-using-disk and disk-36-bit-mode.

When reading from disk into memory, after the dma
cycle with the end flap there will be two additional data
words; the state machine will then read and check the
ECC code and then stop.

When writing from memory to disk, the data word
supplied with the end flag is the second-to-last data
word in the sector; the state machine will accept one
more data word, then write the ECC code after it, write
a guard byte, and then stop. The same timing applies for
read-compare.

For microdevice read, the bits in the Lbus device
address are:

9:5 card slot number
4:3 subdevice (0-disk)
2:0 operation (0 for disk - read data buffer).

. FIGS. 10-23 are schematics of a memory board hav-
ing 512K by 44 bits of memory storage and constituting
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18 and alternatively drive the left and right or lower
and upper memory devices. The read and write signals
. for the memory checks have been set forth with respect
to the description of the Lbus timing modes earlier and
will not be repeated herein.

The memory is laid out so as to be interleaved with 19
bits of address. 8 bits of address are used to select a row,
8 bits of address are used to select a column and the
three remaining bits of address data are used to select
sectors 0 through 7 as shown in the lower left hand
corner of FIG. 11.

As a result of this interleving configuration of the
_memory, with a judicious storage scheme under micro-
' code control, it is possible to pipeline requests for data

from the memory and write data into the memory in the
block mode discussed hereinbefore.

FIG. 14 shows the data output buffers of the memory,

0 and FIGS. 15 and 16 illustrate the tristate data drivers.

25

* FIGS. 17-18 illustrate the address drivers, FIG. 19 is
the address buffer register and decoders and FIGS.
20-23 illustrate the memory control signal circuitry.

The combination of the synchronous pipeline mem-
ory, microtasking, micro DMA and centrallized ECC is
believed to be particularly advantageous in that it elimi-
nates a DMA for each microdevice that wants to issue
arequest to the memory and it also eliminates the use of

30 Ecc circuitry on each board of the system.

35

The synchronous pipeline memory, microtask and
micro DMA features combine to enable micro sequenc-
ing between an external peripheral and the memory of
the system via the FEP with the error correction taking
place within the active cycle of the bus timing whereby
the microdevice which is requesting data from the
memory is not impacted. This combination of features
allows an external I/O device to issue a task request and

 the main memory of the system according to the present 40 for the microtasking feature of the system to effect the

invention.
The memory comprises a board of 64K ram chips as
shown in FIG. 10 and which are laid out on the memory

data transfer in a block mode.
It will be appreciated that the instant specification
and claims are set forth by way of illustration and not

board in the manner set forth in FIGS. 10-23, that is in 45 limitation, and that various modifications and changes

Cols. 1-16 and 19-34 and rows A-M. The address driv-
ers are centrally located in the columns marked 17 and

may be made without departing from the spirit and
scope of the present invention.

APPENDIX
F:>Imach>ucode>BETTER-SPRINTER.LISP.17

t:: (c) Copyright 1982, Symbolics, lnc.

. .

giants were standing on my shoulders."

xbs-.ir thex)
xpc-st.i-miser-uidthss)

{cefvar
{defvar

(defvar xbs--. cer-widthsx)

{defvar xbs-‘:3isizesx)
-]

(<i-"var sou-.ine ' x 85,)

(d?fuﬂ tetter-_printer (form)
tery =
(tetter-sprinter-1 form))

{(deiun better-sprinter-1
{iat ((xps-uidthsx nil)
(xbs-semi-misar-uidthsx nil)
(kbs-miser-widths* nil)
(xps-flatsizesx nil)

(form)

"lf | have seen less far and less cleariy than others
~- Sir leasc

: ~x- Mode:Lisp; Package:ﬂicro; Base:8; Lowercase:yes -x-

it is because
dfielg

o
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M (strec: (if “r (car outfiles} tys))) : .
(b?;print form {bs-charpos) # (linel stream) #0 xbs-linalx)
'z

(defun bs-charpos ()
(charpos (if “r (car ocutfiles) tuyo))
#0 (funcali standard-output ':read-cursorpos

:character))

{defun bs-flatsize (form &aux tem)
{cond ({(setq tem {assq form xbs-flatsizesx))
(cdr tem)) .
{t (setq tem (flatsize form))
(puf?)(cons form tem) xns-flatsizesx)
tem

(defun be-width (form &aux tem)
{cond ({(atom form) {(bs-flatsize form))
{{setqg tem (assq form xbes-widthcx))
{cor tem))
(t (cetq tem (bs-width-1 form})
(pu??)(cons form tem) xbs-uidthsx)
‘tem

{defun bs-semi-miser-uidth (form 8aux tem)
(cond ((atom fora) {bs~-fiatsize form))
((setq tem (2ssg form xbs-sesxi-miser-widthsx))
(cdr tem))
({null (setq tem (bs-format form)})
(bs-width form))
(t (setq tem (bs-width~3 form tem))
(pu??)(cons forn tem) abs-scmi-miser-uidthex)
tex

(defun bs-miser~width {(form &aux tem)
(cond (({atcm form) (bs-fiatsize form))
((setq tem (assq form kbs-miser-uidthsx))
{car tem))
{t (e=tgq tem (bs-width-2 form))
(pu??)(conl form tem) =xbs-miser-uidthsx)
tem

- {defun bs-uidth-2 (form)
{1+ (ioop for | = form then (cdr I) i1+ f?r leading open paren or spacs

when {and (atom i) (not (nul! 1))
maximize (+ (be-width 1} 3} fixnum t1dot sp close
while {(not (atom 1)}
when {cdr
maximize (bs-width {car !))} fixnum
eise maximize {1+ (bs-widih (car 1))) fixnum))}) 1+l for close

(defun bs-width-1 (form 8aux (fmt (bs-format form)))
{cond {({nu!ll fmt)

{(+ (ps-width (car torm)) 2 2 for cpen pacren and spacs
{icop for | = {(cdr form) thenm {cdr lg
when fand (atom 1) (not (null 1Y)

maximize (+ (bs-width I} 3} fixnum :dot sp close
while {(not (atom {}}
when {car I}
maximize (bs-width {car }}) fixnum
else saximize (l+ (bs-width (car 1}}) 3l+ for close paren
fixnum) )}
{(t (let {{head (car fmt})
(n-per-line {(cadr fmt)))
(+ {loop for x in form repeat head
sum (l+ (bs-flatsize x)) fixnum)
(if (zerop head) 8 1)

{locp for | = (nthcdr head form) then 1! unti! (null 1)
as || = (nthcdr n-per-lins I)
maximize (+ (if it -1 B) s:for close paren

{locp for x in | repeat n-per-iine
{defun bs-width-3 (form fmt) -
(let {{head (car tmt})
({n-per-line (cadr fmt))
(indentation {caagdr fmt)})
{max i{loop for x in form repeat head
. sum {1+ (bs-fiatsize x)} fixnua)
{+ ingentation
{loop for | = (nthcdr head form) then [f until (null 1}
as || = (nthcdr n-per-lins 1) ‘
maximize (+ (if |{ -1 @) s for close paren
{loop for x in | repeat n-per-|ine
. sun (1+ (bs-semi-miser-width x)) fixnum})
fixnum))}}}

{defun bs-format {(form)
{and (not {(atom form})
{not (dotted-p form)}
(if (symbolp (car form))
j et (car form) 'bs-format)
811)))) 1Good for selectq clauses at jeast
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{defun bs-print (form indent (inal)
{if (atom form) (prinl form)
(let ((fmt (bs-format form})
(epace (- line! indent)))
{cond (land (or {null fmt) (not (eymbcip (car form)))})
{<e (bs-flatsize form) space))
{prinl form))
((<= (bes-width form) space)
{bs-print-1 fora indent linal fmt))
{{and fmt (<= (bs-semi-miser-width form) space))
(bs-print-3 form indent line! fmt))
t (bs-miser form indent !inei}}})))

(defun bs-print-l (form indent finel fmt)
{princ " (*)
{cond ({null fmt)
(bs-print (car form) (1+ indent) linel) .
{princ * *)
{setq indent (bs-charpos})
(loop for | « (cdr form) then (cdr 1)
when (and (atom 1) (mot (nuli 1}))
do (princ ". *) (bs-print | (+ indent 2) linal)
white {(not {atom 1)) .
do (bs-print {car |) indent linel)
when (cdr 1) do (bs-terpri indent)})
(t (let ((head (car fmt))
(n-per-iine {cadr fmt)))
(bs~rou-of form head (l+ indent) linel)
(or (zerop head) (princ “ “))
(setq indent (bs-charpas))

{loop for | = (nthcdr head form) then |1 until (null 1)
as |l = {nthcdr n-per-line )
do (bs-row-0f | n-per-line indent linel)
uniess (null 11) do (bs-terpri indent)})))

{(princ “)*))

(defun bs-print-3 (form indent Jinal fmt)
{princ *(*)
{iet ({head (car fmt))
{n-per-line (cadr fmt))
(indentztion (caddr fmtl}}
(ps-rou-of form head (1+ indent) linel)
(set? indent (+ indent indentation))
e d

{cr (zerop head) (null (nthcdr hez2d form)) (bs-terpri indent))
(ioop for | » {nthcdr head form) then Il uwntil {nul! 1)
as Il e (nthcdr n-per-~iine 1)
do (bs-row-of | n-per-iine indent linal)
. unless (nuli 1) do (bs-terpri indent)))
{(princ ")*}}

{d2fun be-rou-of (iist n indant linal)
{or (zerop n)
{loop for x in list as i upfrom 1
do (bs-print x indent linel)
until (s i n
do (princ “ *) (setq indent {bs-charpos)))))

(defun bs-terpri (indent)
{terpri)
(loop repeat (// indent &) do (tyo #\tab))
{loop repeat (\ indent 8} do (tyc #\ep)?}

{defun bs-miser (form indent line(}
{cond ((atom form) (prinl form))
(t (princ (")
(setg indent (1+ indent))
(loop for | = form them {car 1)
when (and (atom 1) (not (nu!l 1))}

F:>1mach>ucode>check.1isp.116

i -%- Mode:Lisp; Package:Micro: Base:8; Louercase:yes -x-
: {c) Copyright 1882, Symbolics, Inc.

.
s
se .
’

+ Microcode Syntax Checking

:This is an alist of ali fields. .
icar of an entry is the name of the fieid .
;cadr is a list of other fields required: elements are either names
; of fields, or {ists of name and acceptable values ’
icaddr is value checking for this field: nil to accept any value, or
i @ predicate which returns t if the volue is 0K, or a list of valid values.
;Note that some vaiues for some of these fields are redundant with
3 the spec and/or magic fields.
{(defconst valid-microcode

'{{abus () (amem memory-dats frame-pointer stack—ga?nter Ibus

??mcrg—data-force yRa pc map son THC machine

(amem-read-addr {(abus amem memory-data)) check-amem~addr)
{bbus (} fomem mzcro-signed-immediate macro-unsigned-immediate))
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{pmem-read-addr tibbus bmem)} check-bmem-addr)
{urite-amem (amem-write-addr) (cbus})
(amem-write-addr () check-amem-non-constant-addr)
(urite-bmem (bmem-urite-addr) (xbus obus))
{omem-urite-addr {(urite-bmem) numberp)
{urite-lbus () (obus memory-data junk))
{(lbus~dev-addr {) check-l|bus-dev-addr)
{xbus ()} (abus bbus product)) .
(ybus () (abus bbus ybus-crocks-1 ybus-crocks-2))
{atu () check-alu-func)
(byte-func () check-byte-func) .
(torce-obus<35-34> () (@8 1 2 3 abus bbus bbus<7-6>})
(force-obus<33-32> () (8 1 2 3 abus bbus bbus<S-4>})
(force-obus<31-28> () €81 2345671811 12 13 14 15 16 17H
(type-mep () check-type-map) : :
{stack-pointer ()} (increment decrement))
(spec {} (load-byte-r (oad-byte-s load-stkp load-frap
load-xbas load-control fcad-speciai-maps ciear-stack-adjustment
arithmetic-trap-enb trap-if-type-cond
trap-if-tupe-cond-or-tbus-not-fixnum mu!tiply-and-type-check
crocks alub-sign-hack crocks-to-ybus multiply
addr~from-abus inhibit-page-tags dma address-phtc
check-urite-access increment-inst jfu-control
arithmetic-trap-uith-dispatch halt npc-magic awaken-tack
urite-taskh disable-tasking))
(magic () (812345671811 12713 14 15 16 17))
{magic-mask f{magic) (1 23 4567 18 11 12 13 14 15 16))
(dispatch (dispatch-tabie magic)
(alub cdr-code abus<31-28> abus<25-22>
abus<Z1-18> abus<2-8> bbus<3l-38>-abus<31-38>))
(mem () (urite-vma start-cycle sproto
microdevice start-read start-urite write-vma block-read block-write))
{escape-to-lisp () nil)
(error-table ) nil)
(declare-memory-timing (} nil)
{condition {}
(not-cdr-8 not-cdr-1 not-cdr-2 not-cdr-3
type-condition bbus-not-fixnum alub-B ybus-31
not-gc-condemned-temp not-gc-this-stack not-gc-other-stack
equal-pointer
. not-equal-fixnum not-equal-tuped-pointer
rot-greater-pointer not-greater-fixnum-unsigned
alu-31 sequence-break trace-fiag-1 trace-flag-2
not-lbus-dev-cond mc-cond not-ctos-came-from-ifu

62

(sequencer () (popj next-instruction pushj pop push-npc pop-npc

dismiss pop-npc-and-cpc-from-npc

take-dispatch pushj-return-dispatch))
(trap-enables () check-trap-enablies)
{skip-true-sequence (condition skip-false-sequence)

check-sk ip-sequence)
{skip-false-sequence (condition sk ip-trus-segquence)
check-sk ip-sequence)
(return-true-sequence (return-false-sequence)
check~ck ip-sequence)
(return-false-sequence (return-true-sequencal
check-skip-sequence)

(return-skip (} (t})
(jump-seguence () check-next-scquence)
(next-sequence (} check-next-sequencs)
(trap-sequencze {(trap-enables) check-trap-seguence)
{diepatcn-table {dispatch) check-dispatch-table)
{arith-trap-dispatch~table (spec trap-enables) check-dispatch-table)
{unique () (t))
(speed () (siou-first-half slou-second-haif siou very-siow))}))

:Each element is a list of (field value) pairs where if the first

icne is present, the others are disallowed,

{defconst microcode-field-conflicts

" {{(xbus abus) (ybus abus) “Xbus and Ybus sources not independently selectable")

({xcus teus) {ybus bbus) "Xzus and Ybus sources not independently seieztable")
((eeyuencer next-instruction) (spec ifu-control) “"Next inst not ready")
((abus vma) (mem start-read start-wurite block-read block-urite)
“Reading VMA uses ADDR outputs”™)
({abus ibus) (ypbus abus)
);nncrndevice read is just too slouw, must go into the fast side of the ALU")

#1 (deciare (xexpr fieidp)) sin UU

{declare (special wbacktracex)) :in WU
foefvar xcodex) 3So 1 can see the microinstruction being checked

i
(defun check-ioses (format &rest args)
(declare {(special args))
(tet (("w nil) (~r nil} (*g nil)) sESAD
(terpri msgfiles)
glexpr;func?l: d’fgzma% msgfiles format args)
ormat msgfiles "adi~facallsin:: in aSadalaf xback tracex)
(format msgfiles “~&; Do (PPX &CODZx) to 3 i i "
(break check-loses))) #e instruction.)

;s TMC
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M
(defflavor check-loses (format-string format-args code) L. i
{sys:no-action-mixin dbg:special-commands-mixin error)

sinitable-instance-variables)

{defmethod (check-losee :report) (stream)
{iexpr-funcall #’format stream format-string format-args))

(defmethod (check-loses :case :special-command tshow-failing-microinstruction) ()
“Pretty-print the microinstruction that failed”
{ppx code)

#unil) ;NIL means stay in the debugger

(Eush '{:shou-failing-microinstruction #\c-sh-P) dbg:®special-command-special-keysx)
#

éaompile-flavor-methods check=-loses)

égef;rop check-loses t :error-reporter)

{defun check-loses (format-string drest args)
(signal ’'check-loses ':format-strin? format-strin
iformat-args {copylist args
*:code xcodex))

{defun check-conflict (code fieldl field2 &cptional message)
{check-10ses “~@(~A~Z~] (~S ~5) conflicts with (~5 S)*
message fielul (get code fieldl) fieid2 (get code fieid2)))

(defun check-amem-addr (addr)
(if (atom addr)

{ang (eq (typep addr) 'fixnum) (<= 8 addr) (<= addr 3777))

(seiectq (car addr) .
((frame-pointer stack-pointer xbas) (eq (typep (cadr addr)) ’fixnum))
(macrocode (nul! (cdr addr}))

{constant (valid-constant (cacr addr}))
(bus-address {nui! {cdr addr))))))

(defun check-amem-non-constant-addr (addr)
{if (atom acdr)
{and (eq (tupep addr) °*fixnum} (<= 8 addr) (<= addr 3777))
{selectq (car addr)
{{frame-pointer stack-pointer xbas) (eq (tupep (cadr addr)) ’fixnum))
(macrocode (nutll {cdr addr)))
(bus-address (null (codr addr)}))))

(defun check-bmem-addr (addr)
(if (atom addr)
{and (eq (typep addr) ’fixnum) (<= B addr) (<= addr 377))
fand (eq {car addr) 'conatant)
fvalid-constant (cadr addr)))))

(defun valid-constant (val)
{or {(numberp vai)
(ang (iistp val)
{eq (car val!) '"build-task-state))})

(defun check-lbus-dev-addr (addr)
for (numberp addr)
$: Also used to select MC destinations
(meng addr (seiectq xmachine-versionx
((sim proto) ' (urite-memory))
({(tmc) ’{write-phta-and-asn write-vma-and-pc
write-iru-map write-map-a Write-map-b urite-both-maps))
({tme5 ifu) *(urite-phta-and-asn
Write-lru-map write-map-a Write-map-b write-both-maps))))
33 Aleo symbolic card slots
(and (lisip adar) (get (car addr) ’symbo!ic-ibus-siot))})

(declare (specia! normal-alu-functions weird-alu-functions)) sin UU

(defun check-alu-func (func)
(cond {(memg func (if {and (or (fieldp xcodex 'spec ‘arithmetic~trap-ent)
(fieicp xcodex 'cpec 'arithmetic-trap-uith-dispatch})
fbit-test & (get xcodex 'magic)))
weird-alu-functions
normal-alu~-functions))})
{{memgq func weird-alu-functions)
{check-conflict xcodex 'aiu ' spec
: “ALU function is wierd, but special funztion and # not specified"”)
t

({memq func normal-alu-functions)

{check-conflict xcodex 'aly 'epec
R “ALU function ¢s normal, but epsc says /"weird ALU function/""}

(defun check-byte-func (func)

for {(eg func ’ybus) sFunction 8
{and (lists func)
(memg (first funes) *{idb cps)) s0ther funcs, decided later

(let {{rot (cecond funz)i (mack (third func)))
lor (and (eq (typep rot) "fixnum) (<= @ rot) (<= rot 37)

.
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(eq (typep mask} "tixnum) (<= 1 mask) (<= mack 43))
(and {(eq rot 'byte-r)
for (eq mask 'byte-s)
{eq (typep mask) ’fixnum) (<= 1 mask) (<= mack 40}))
fand (eq rot 'macro) (eq mask 'macro))))
{or (null feccddr func))
(eq (cadddr func) 'merge)))))

{deciare (speciai xdata-typecx xcdr-codesx)) sin SIM

;Check that tyoes are valid, ocutputs are one of the 8 possible combinations,
sand no types are cuplicated
{defconst type-map-possibilities
'%() (cond} (pointer) (pointer cond)
{trap-8) (trap-1) (trap-2 pointer) (trap-3 pointer)
;Alternate speflings
{cond pointer} (pointer trap-2} (pointer trap-3)))

(defun check-type-man (x)
(loop for ((tupes . outputs) . rest) on x
aluays {loop for tp in types
aluaus {(remg tp tdata-tggesx)
aluays (loop for (t2 . o2} in rest
never (memg tp t2)))
aluays (member outputs type-map-possibilities)))

1This is not one field in the real machine. Some of these are inside the
s type map, aiso.
{(defun check-trap-erables (x)
{locp for en in x . L :
aluays (memy en °(condition-true condition-false any-stack other-stack
type-condition bbus-non-fixnum overflow
transport map-nissl)))

:Try to propagate memory timing through skips.
:This is smart enough to get it in, but too dumb to know hou to get it out again
{defun check-skip-sequence (seq memory-timing)
{cond {(nul!l seg)) sdrop-through
{({sumtolp seq)) s jump tag
(t }§?$ck-microcode seq ’skip-sequence memory-timing) slitera! code

{defun  check-next-cequence (seq)
(cond ((s%mbcip seg)) s jump tag
{t g??:k-microcode seq 'next-sequence) ;literal code
t

(defun check-trap-sequence {seq)
{cond ({sumbolp seql) s jump tag
{t lf??ck-microcode seq ’trap-saquence) ;literal code
t

{defun check-dicpater-tabie (table)

(;et? table (cdr tanie)) sIgnore field specifier at front
{if (not (listp tzhie))
fcheck-ioces "Not table of dispatch clauses: ~5° table) X

{loop for clause in table
uniess (eq (car clause) 'otheruise)
do (loop for cue in (car ciause)

unless (numberp cus) — ;good enough check for nmou
do {check-locz3 "«S invalid dispateh cus" cue))
do (cond ({z2tcm (cadr clause))) sgoto

(t (check-microcode (cadr c!ause)

9 ‘{dispatch , (car clauce)))))))

{defun check-microcode (scodex where Soptiona! memory-timing)
(let ({sbacktracex (cons where xbacktracex))) . . .
(cond ((and {not (atom xcodex)) (eq (car xcodes) 'microinstruction))
(check-microcodel xcodex memory-timing)) .
(fand (not {atom mcodex)) (eq {car xcodex) 'microsequence))
(push "microsequence sbacktracex)
(loop for x in {cdr =codex} . . .
do {if {(and (not {atom x}} (eg {(car x) "microinstruction))
(let {(xcodex x)) . o
(setq memory-timing (check-microcodel x memory-timing)))
{check-loses "Invalid microcode: ~5" x)}
{t {check-loses “Unrecognizable microcode: ~5* xcodex)}}})

{defun check-microcodel (code memory-timing 8aux deciared-memory-timing)
;3 First make sure there aren't any misspelied field names, since
33 those typically cause spurious other messages
{loop for {fieid vaiue) on {(cdr code) by ’cdar

when (null (assq field valid-microcode))
do (check-ioses “~5 invalid microcode field name" field))
3t Now check inter-field consistency
{check-field-conflicts code)
{check-spec-and-magic-fields code)
(check-next-address-field-consistency code)
i3 Check the memory timing for temporary memory control
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(if (setq deciared-me=ory-timing (get code 'de¢|are-memory-timing))
{setq memory-timing declared-memory-timing))
(and (fieldp code °3bus ’memory-data) .
(not (memg 'data-cycie memory-timing)) . ) . L
(check-loses *Reading MD but memory is not in data-cycle (it’s in ~5)* memory-timing))
{and (fieldp code '|bus-dev-addr ‘urite-memory) . .
(not (memq (get code 'mem) *{start-cycle start-write block-urits)))
(check-loses “Storing inte nemor¥ without starting a cycle®))
33 Compute memory-timing value for follouing cycte A
{let t{(next-active (or ?member ' {next active-cycie) declared-memory-timing)
{memg (?et code 'mem) 'Istart-cycle start-read block-read))))
{next-data (or (member ’inext data-cycle) declared-memory-timing)
{memg 'active-cycle memory-timingl)))
(setq memory-timing (if next-active
{if next-data ’(active-cycle data-cycle) ’(active-cycle))
(if next-data ° (data-cycle) nill)})

33 On TMC machine, make sure that microdevice read/urite is going in the proper
33 direction. Using Lbue as the Abus source implies microdevice rsad.
(cend ({memg machine-versionx ' (tmc tmcS ifu))

{and {(get code ‘write-ibus)
{tieldp code 'abus °Ibus) . ) . . .
{check-ioses “Lbus as Abus source incompatible with microdevice//VMA write”))
(and (get code ’write-ibus) ]
(not (memg {g=t code ’mem) ’{microdevice write-vyma)))
{check-!oses "URITE-LBUS without MEM// MICRODEVICE or WRITE-VYMA"))
{and {neq xmachine-varsionx 'ifu)
(fieldp code "urite-ibus ’obus)
(fieldp code 'abus 'memory-data)
(check-loses "WRITE-LBUS from OBUS but ABUS source is MEMORY-DATA: ~e
C machine will write from MO rather than OSUS'“))})
33 Now check field values, and successor instructions
(icop for (field value) on (cdr code) by ‘cddr with tem
3= d =« (assq fieid valid-microcode)
when (null value)
unless (memg field * (skip-true-sequence skip-false~saquence)) ;drop-thr
do (check-loses "S5 field has NIL value* field)
do (loop for ¢ in (cadr d)
when {atom c)
do for (loop for ¢ in (cdr code) by 'cddr thereis (eq f c))
{check-ioses “~5 field missing when ~5 ~5 present”
c field value))
eise do {or (member (setq tem (get code (car c})) (cdr ¢))
{check-loses
“~S fieid has value ~S, invalid when a5 ~5 present”
(car c) tem field valuel})
as checker = {caddr d}
uniess {cond {{(nul!l checker))
({symboip checker)
(it (memg field ® (skip-true-sequence skip-false-sequence
return-true-sequence return-faise-sequenca))
(funcall checker value memory-timing)
(funcall checker vajue)))
{(t (member value checkerl})
do (check-ioses "5 illegal vaiue for ~5 field" value fieid))
memory-timing)

{defun check-field-conflicts (code)
(loop for ((fl vl) (f2 . exclusions) reason) in microcode~-field-conflicts
when (e7 (get code f1) vi)
when (memgq (get code f2) exclusions)
do (check-conflict code f2 {1 reason)))

:1¢f other fields imply values of these, check that they are really thers
(detun check-spec-and-magic-fields (code &aux tem teml?
(and (setq tem {(get code 'force~cbus<3]-28>))
{not (fieldp code "magic tem))
(check-~conflict code 'force-obus<31-28> *magic))

{cond ((or (fieldp code 'ybus 'ybus-crocks-1)
(fieidp code 'ybus °'ybus-crocka-~2))
(or (fiaidp code 'spec 'crocks~to-ybus)
{check-confiict code "ybus ’spac))
sU AMWA <11> must also be free
(if (get code 'stack-pointer}
., {check-conflict code *ybus ‘stack-pointer U AMUA <11> conflict®))
{if (numberp (get code ’amam-urite-addr))
. f{check-confiict cods 'ubus ’amem-urite-addr "U AMNA <11> conflict®)}))
{cond {(fieldp ccde 'xbus ’produc%)
{or (fieldp code “spec 'multiply)
(fieidp code 'spec 'nultip!g-and-tgpe-check)
{check-conflict code ‘'xbus 'snec))
{or (=« (logand {(get code 'magic) 6) 4)
{check-confiict code 'xbus 'magic)}))
{cond ((setq tem (get code 'trap—enables)?
(cond ((mem? ‘other-stack tem)
(or (fieldp cods 'spec 'crocks)
fcheck-conflict code 'trap-enables 'spec
“spec//crocks needed to enable GC traps”)}
{or {equal (get code 'magic) 2}
{check-conflict code ’trap-enables "magic
"magic number needed to enable GC traps")})
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((mem? 'any-stack tem)
(or (fieldp code 'spec ‘crocks)
{(check-conflict code 'trap-enables ’spec
“spec//crocks needed to enable GC traps*®))
(or (equal (get code 'magic) 1) .
{chec..-conflict code ’trap-enables 'magic
*m2gic number needed to enable GC traps®)))
{(memq ' type~condition tem)
(cond ((memg (?et code ‘specl . )
*larithmetic-trap-enb arithmetic~-trap-uith-dispatch))
(or (bit-test 1 (get code °magic)) .
{check-conflict code ’trap-enables 'magic
"Magic number needed to enable type cond trap"}))
{{memq (?et code °spec)
*{trap-if-type-cond
trap-if-type-cond-or-bbus-not-fixnus
multiply-and-tyne-check}))
{t (check-conflict code 'trap-enables ‘spec
*Spec needed to enable type cond trap”))))
{{memg ’bbus-non-fixnum tem)
{cond ((memqg (?et code ’epec)
*larithmetic-trap-enb
arithmetic-trap-uith—dis?atch))
{or (bit-test 2 (get code "magicli
{check-conflict code 'trap-enables 'magic
*Magic number needed to enable bbus type trap")))
((memq (?et cods 'spec)
*{trap-if-type-cond-or-bbus-not-fixnum
nultiply-and-type-check)))
(¢t (check-conflict code ’trap-enables ’spec
“Spec needed to enable bbus type trap”})))
{(memg "overflow tem)
{cr (memq (cet code "alu)
' (X+l-overflouw X-1-overflow X+Y-overflow X-Y-overfiow))
{check-conflict code 'trap-enables "ailu))}
((memg 'map-miss tem)
{or (fieldp cods 'mem 'start-cycie)
(check-conflict code °trap-enables ‘'mem
*Start-cycle not specified in MEM field"})))))
dispatch and magic assumed made consistent at the source
Decide hou toc encode the byte func, and check for AMA conflicts
itipie-value~-bind {(byte-func magic’
{choose-byte-func-encoding code)
let ((amem-uses-amwa (and (get code "write-amem)
{setq tem (get code 'amem-urite-addr})
(not (equal tem '’ (bus-address))) :only uses bit 18
{or (setqg teml {(get code ’amen-read-addr))
(setq teml (get code ’'abus)})
frot (equal tem teml))))
{bmem-uses-amua {and {fieldp code 'spec 'crocks) (fieldp code °magic 18)})
{byte-uses-amua (and (= byte-func 3} (not (bit-test 3 magic)}))
(1cus-uses-amua {(get code ’lbus-dev-addr))
{stack-pointer-uses-amua-11 {(get code ‘stack-pointer))
{crocks-uses-amua-11 (fieldp code 'spec ‘crocks-to-ybus)))
(if (and amem-uses-amwa bmem-uses-amwa)
{check~conflict code 'amem-write-addr "bmem-uwrite-addr
. "Conflict for AMWA field"))
(if (and amem-uses-amua bvte-uses-amua)
(check-conflict code "amem-urite-addr 'bgte-func
. "Conflict for AMWA field"))
(it (and amem-uses-amua |bus-uses-amua)l
(check-conflict code 'amem-urite-addr °lbus-dev-addr
. “Conflict for AMWA field"))
(if (and bmem-uses-amua byte-uses-amua)
(check-confiict code bmem-ur%te-addr"byte-func
"Conflict for AMUA field™))
(if (and bmem-uses-amua |bus-uses-amua)
{check-conflict code *bmem-wurite-addr °ibus-dev-3addr
_ ) "Conflict for AMJA field")) o
(if (and byte-uses-amua Ibus-uses-amua)
{check-conflict code 'byte-func ' !bus-dev-addr
"Conflict for AMUA field"))
Unfortunately, AMJA<ll> conflicts happen all over the ?Iaca unless
ue ajiou both parties to ope:if¥ the same bit vaiue. This means
that the Amem variables you urite into uhile decrementing the
stack pointer must go in a specific half of Amen.
nd amem-uses-3amwa crocks-uses-amwa-11
(atom (setq tem (get code ’amem-urite-addr)))
{neq (if {bit-test 48B3 tem) 'ybus-crocks-2 'ybus-crocks-l)
{get code 'ybus)}
(check-conflict code 'ybus 'amem-urite-addr
"Confiict for AMUA <115"))
{and amem-uses-amua stack-pointer-uses-amua-11
{atom (setq tem (get cods ’'amem-urite-addr)))
neg (if (bit-test 4888 tem) ’increment 'decrement)
stack-pointer-uses-amua-11)
(check-conflict code °‘stack-pointer ’amem-urite-addr
"Conflict fcr AMUA <11>%)))))

o~ o8 wo a8
@ ¢ *s o0 v
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:: decide how to encode the byte-func
(defun choose-byte-func-encoding (code &aux tem) .
sReturns b%te-func field, magic fieid, ma?;c-nask field, cond field, and amua

{if (atom Usetq tem (get code 'byte-func)
{values 8) :Pass Yous
(let ({r (second tem})

(s (third tem)) iReallg S+1

{rm (eq (first tem) dpb))
(mrg (e? (fourth tem) 'merge))
(magic (get code 'magic}))
{cond ;: Byte function 8 taken care of already (byte-func = ybus)
33 Byte function 2 (S from COND field)
((and (equal r 8) (number? e) (not mrg) (not (get code *condition)))
(values 2 nil nil (1- 8}))
3; Byte function 1, #2al case
{(and (equal r 28} (equal s 28) (not nr?)
{or {not magic) (bit-test &4 magic))
{or {not magic)

(and (or (fieidp code ’spec "multiply)
(fieldp code ’spec 'multipiy-and-type-check))
{not (bit-test 1 magic))) 143 free

{eqg rm (bit-test 18 magicl))))
(values 1 (if rm 14 &) 14))
: Byte function 1, #2«8 case
fand {not magic) (not rm} (not mrg) (equal s 48) .
(member r (B8 1 37))) ould add mors...
(values | (car (assocr ({8 . 3) (1 .2) (377.°18))})) 17))
33 More of that, kludge for first cycle of multiply. Is thers a better way?

((and (equal na?ic 137 (equal r 28) (equal s 28) rm (not mrgl)
(values 1 13 17))

{

33 Otheruise use byte function 3, requires magic number fiald
(t iet ({mage (+ (if rm 18 8) (if mrg 4 @)))
(cond nil)
{amua nil))
{cond ;; Byte function 3, case 8 (R and 5 from AMIA)
{(and (numberp r) (numberg 8})
{setq amwa (dpb (1- s} 8585 r)))
33 Byte function 3, cass 1 (R from RREG, S from COND)
({and (eq r 'byte-r) {numberp s))
{setq cond (1- s) mage (+ mage 1)))
33 Byte function 3, case 2 (R from RREG, S from SREG)
({and (eq r 'byte-r) {(eg s "byte-s})
{setq mage (+ mage 2}))
i3 Byte function 3, case 3 (R,S from macroinstruction,
¢s high S bits from COND)
(land (eq r "macro) {(eg s 'macro))
(setg mage (+ mage 3)
cond 'macrol) sMust #ill in from opcode
(t (check-loses "] can find no way to encode this byte function!"}))
(and cond (get code ’'condition)
{check-1oses “Unable to encode this byte function without using COND (fumc 3}"))
(and magic (not (s mage magic))

{check-loses "Unacle to encode this byte function without using MAGIC (func 3)"))
(values 3 mage 17 cond 2mwal))}))))

iMake sure that anything which uses the next-address field has an explicit ons
380 that the assempler doesn't try to use it to link to the next instruction
yand knows that it must use NPC instead.
(defun check-next-address-field-consistency (code &aux tem)
i1 Arithmetic traps require either a single trap routine or a dispatch table
{and (set? tem (get code ’trap-enables))
(or (memq ' type-condition tem)
{memg 'bbus-non-fixnum tem)
{memq *overfliow tem))
(not (getl code *(trap-sequence arith-trap-dispatch-taple)))
{check-loses "Arithmetic trap enabled but no trap handler specified”))
:: Other NAF traps requirs a single trap routina
{and (set? tem (get code 'trap-enzbies)
(or (memq ‘condition-true tem)

memg 'condition~-falss tem)
{memg 'any-stack tem)
{memg 'other-stack tem))

{not (get code °’trap-sequence))
{check-conflict code 'trap-enables ' trap-sequencse
"NAF trap enabled but no trap handler specifiad"})
;3 Subroutine calling requires a subroutine (separate from return to .+1)
(and (memg (get code 'sequencer} ’(?ushj pushj-return-dispatch))
(not (get code ® jump-sequence)
{not (get code 'skip-true-sequencel) s for call-select micro
{check-confliict code 'sequencer ' jump-sequeance
"Subroutine call but no subroutine specified”))
Look for multipie demands on NAF. Note that skipping can be done
to .+l if necessary (NAF otheruise tied up)
next-sequence can alua?s be done by duplicating the target at the
next successive control memory Iscation.
t ({jump (get code ' jump-sequence) )
{trap (get code ’trap-sequence))
(disp (get code ‘dispatch-tanle})

farith lget code ‘arith-trap-dispatch-table))})
{and jump trap

— o0 oo wo
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tcheck-conflict code ° jump-sequence *trap-sequence
“Conflict for NAF"))
{and jump disp
check-conflict code ®jump-sequence 'dispatch-table
"Conflict for NAF®))
{and jump arith .
ichack-conflict code °jump-sequence 'arith-trap-dispatch-table
"*Confilict for NAF*))
{and trap disp .
(check-conflict code ’trap-sequence *dispatch-table
. *Conflict for NAF*))
(and trap arith L .
{check-conflict code °trap-ssquence *arith-trap-dispatch-table
“Contlict for NAF*}}
(and disp arith

{check-conflict code "dispatch-table "arith-trap-dispatch-table
"Conflict for NAF"}}

(and (get! code ®({skip-true-sequence skip-false-segusnce))

{get] code '{return-true-sequence return-false-sequence return-skip))

{check-lcses “Trying to do two different kinds of skipping at the same time"))
{and {(get code 'next-sequence) sNorma! successor

{or (get code ’skip-true-segqusnce) sSkip succeesor

{get code 'skip-false-sequence)) .
{not [{fieldp code 'sequencer 'pushj)) ;Skipping into a subroutine!
{check-ioses “Can’t handie both a normal successor and a skip successor*})))

F:>Imach>ucode>FAKE-ARRAY.LISP. 14

; -3~ Mode:Lisp; Base:8; Lowercase:yes -x-

(defvar array-type-table tEntries are (type t?pe-code dispatch-code)
‘{lart-Ib 8 8) (art-20 1 1) (art-4b 2 2) (art-8b 3 3) (art-16b & 4)
(art-string 13 3) (art-tat-string 14 4)
(art-q 5 5) (art-q-iist 6 5)
{art-boolean 18 18)))

:This onlz makes |eaderless 1-0 arraus (arrays of the first kindl
(defun fake-array (memioc type size 8aux type-info)
(or (setg type-info (assq type array-tgy -table})
{error "jundefined array type| tupe})
(aset (set-cdr (set-type (dpd (third type-info) 2684
(dpb (second tyne-infol 2284
size))
dtp-header-i}

1)
t-ain-ueuorga menioc)
{loop for i from 8 below size

do (aset (set-type B dtp-fix) xn3in-memoryx (+ memioc i 1)})
(set-type memloc dip-array))

;Make arrays of the second kind (short 10 uith (eader)
{gefun fake-array-with-leader (memioc tupe size leader-size &aux type-info)
{or (setq type-info (assg type arrag-tg$e-table))
(error "jundefined array tgseé type }
B85

{asat (set-cdr (set-type (dpd
{dpb (second type-info) 2284
{dpb leader-size 1485
sizel})
1 dtp-header-i)
tuain-memoryt mem|oc)

(let {{loc memioc))

(loop repeat leader-size do {aset *nilx sxmain-memorys (setq loc (1+ loc))))

(loop for i from @ below size

do (aset (set-type @ dip-fix} smain-memorys (+ loc i 1})))

{set-type memioc dip-array))

(defun pa (array)
(let ({head (aref smain-memoryx (pointer-field array)l))
{cond ((and (data-type? head dtp-header-i)
(cdr-code? head 1))
(let ((disp (Idb 2684 head))
(type (1db 2284 head))
(long~length (idb B3Z2 head))
{ieader-length (ldp 1485 head))
{short-length (ido B2l4 head)))
(format t “~8Array dispatch ~0, type ~0 * disp type}
(ioop for {tp tc de) in array-type-tanis
when (= tc type) do (format t “(~A) " t?)
and uniess for (= diep 18) (= dc disp))
do (format t “(disp should be ~0)} " de))
{cond ({< disp 18}
(format t “size=~0~%" long-iength)
{ioop for i from B below long-length
do (format t *(-0) " i?
{pg (aref smain-memoryx (+ (pointer-field arrayl) i 1)))
(terpril))}
((« disp 18) .
(format t “leader-sizes~d, array-sizesa0~%" leader-iength short-length)
(icop for i from 8 below |eader-iength
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do (format t "(~U) " 1) )
{pq (ar?; smain-memoryx {(+ (pointer-field array) i 1}))
terpri
{loop for i fgo; 0 belou short-length
do %forTa! : (~0) " 1) -
aref smain-memor
Pa {+ {pointec-field array) i leader-length 1)))
(terpri)))
(t (format t “({Boous disp codel~%*}})))
(t (format t “~8Bad array header"})}})

(defunction aref 1188 (2} ()
(push-local arg 8)
{ar-1-local ar? 1)
{return-stack)

{defunction aset 1118 (3) ()
{push-local arg 8)
{push-local arg 1)
fas-1-local arg 2)

; {return-tocal arg 8)
(pusr-local arg 8
;return-stack)

sarragy-register test
: (search-array vatue array from to) . . .
iara4 is the incex offset, arg5-18 are array register, argll is subscript

{defunction search-array 1128 (4) ()

{(push-immed 8) 1/4/ Make spacs for index offset
{push-locai arg 1) 3/S/ Open up the array
(push-local arg 2) 3 /67

{push-iocal arg 3} $ /77
(setup-lg-array-from-to) $/8-12/

(ﬁop-local arg 4} $/11/ Save index offset
shead of loop

{(push-local arg 11.) 1Gat cubscript

{push-tocal arg 18.) ;:Compare against 'to’
{branch-greater-or-esqual 7) 1Branch if loop finiched
{fast-aref-ropop arg &) iFetch from array
{push-locai arg 8) sCompare against value
{branch-ea 2) sEscape if found
{add-immeyu 1) sAdvance subscript

{branch -8) sLoop more

sHere if found

(subtract-local arg 4) ;Return unoffset subszript

{return-stack)

:Here if not found

(push-immed -1) ;NIL rot addressible yat!
(return-stack})

{defunction array-leader 1158 (2) ()
(array-leader)
{(return-stack))

(defunction stocre-array-leader 1168 (3) ()
tpush-local arg 8)
(push-iocal arg 1)
{push-local arg 2)
(store-array-|eader)
; (return~local ar? 8)
(push-local ar? 8
(return-stack) ]
: -%- Mode:Lisp: Base:8; Lowercase:yes -x-

; Load up al! the files of the simulated microcode

{defun loadup (file) .
(et ({truename (probef (setq file (margaf file *(x fasi})))))
(terpri)
{cond ({nul! truename)
{princ file) .
{princ '| not found for loading.|[})
(t (princ 'ILoadin? 1)
{princ truenzme
(load filel}l}i}

oadup’sim}

(1
(loadup’ uu)
{1oadup’ul)
(loadup’' check)
(loadup’ua)
(loadup'basic)
(loadup’ branch)
{loadup’predicate)
(lozadup’ funcalil)
(loadup’ funcaltl)
(loadup’ funcal 12)
{1oadup' stack-buffer)
(loadun’array)
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(toacuz'multiply)
(loadup’'division)
(Ioadup'tub?rin)
(loadup’ sym

;Load up compiled Lisp code files

(loadup 'fact/.sim) .
(loadup ' take-array/.!isp)

3 -%- HMode:LISP; Package:HXCRO; Base:8 -»-
:3 (c) Copyright 1582, Symbolics, Inc.
333 MAKE-SYSTEM aids for microcompiler

(DEFVAR aMACHINE-VYERSIONx} :1One of SIM, PROTO, TMC, IFU .
. iSet this at top-leve! to what you want before doing
’ i sincremental compilations. .

.
.
.
3

(DEFUN_SIM-FASLOAD-1 ({INFILE)
(SI:FASLOAD-1 INFILE))

E
(DEFUN SIH-CDﬁPILE-FI%%

-1 (INFILE OUTFILE)
(LET ((MACHINE-VERSIONx 'SIM))
(SI:COMPILE-FILE-1 INFILE QUTFILE)))
(DEFUN_PROTO-FASLOAQ-1 (INFILE)

(SI1:FASLOAD-1 INFILE)

i
{
}
(DEFUN PROTO-COMPILE-FILE-1 (INFILE OUTFILE)
(LET ((xMACHINE-VERSIONx "PROTQ))
(SI:COMPILE-FILE-1 INFILE CUTFILE)))
(DEFUN_TMC-FASLOAD-1 (INFILE)
{S1:FASLOAD-1 INFILE})
L
S
1

{DEFUN TMC-COMPILE-FILE-1
(LET ({(sMACHINE-VERSIONx
(S1:COMPILE-FILE-1 INFILE DUTFILEI})
I

N
{DEFUN_TMCS-FASLOAD-1 (INFILE)
(SIsFASLOAD-1 INFILE)

)
(DEFUN THCS-COMPILE-FILE
(LET ((«MACHINE-VERSID
(SI:COMPILE-FILE-1 INFILE QUTFILE)))

(DEFUN_1FU-FASLOAO-1 (INFILE)
(SI:FASLOAD-1 INFILE))

(CEFUN IFU-COMPILE-FILE-1 (INFILE OUTFILE)
(LET ((xMACHINE-VERSICNx °*1FU))
(S1:COMPILE-FILE-1 INTILE QUTFILE)))

s-%- Mode:LISP; Package:USER; Base:18 -x-

{INFILE OUTFILE)
*TMC) )

~1 (I&FILE OUTFILE) ¢
fx * THCS) ) .

M (EVAL-UWHEN (EVAL LOAD COMPILE) (SETQ BASE 18. IBASE 18.))

(DEFVAR «EXPAND-ALISTx NIt} tAlist of variables and fcrms bound to
(DEFVAR »F IELD-DEFINI TIONS» NIL) ;Alist for field pseudo-op

sProgramming. R

;The PAL .looks like a S12x4 PROM. An intact fuse is a @ and 2 biown
ifuse is a 1. He need a map from pin numbers and assertion levels to

s input numbers, a map _from product term numbers to output pin numbers
swhich they feed (or OEsl, and the map from input and product term to
sword 3and bit in the “"PROM". Also for the smalier PRDMs we need the
;"phanton fuse™ pattern uhich fiils in the unused locations in the
:512x4 array. .

iNote hou they managed to win. If uou blow no fuses in a product term,
it does not contribute to its OR/NOR. 1f you blow no fuses in a product
iterm that drives an OE, the output is turned off.

:This structure contains ail the information for 8 PAL type definition
(DEQEQR?CT {PALDEF NAMED gUNC—?AhE) g:
sSymbol which is the name of the PAL type
}?ﬁ$QSQEDSé%&% NIL) :Eumber of words in pseudo PRU"?UR up
ZR1ED- sList of output pins which are NOR rather than OR
(HICH-THPUT-MAP NIL) :A-list from pin number to input-number for H
(LOW-INPUT-MAP NIL) tA-list from pin number to imput~-number for L
(N-181PUTS 32.) iNumpber of input columns in array
{PRODUCT-MAP) sA-list from output/registar pin number to
;s lisg ot product terms; sach product
3 term is represented by a list of row number and
3 bit number. The fuses for this product term are
i that bit of the PROM werds adcressed by input number
i for fuse + (» rou-numtber n-inputs). The product
s terms are ORed or NDRed together of course
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sList of output pins which are re

sSame for OF
t..omore later,..
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(PUTPROP °'PAL1ELS
(PUTFROP *PAL1ER8
(PUTPROP *FAL1BRS
(PUTPROP °*PAL1BRG
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(PUTPROP 'PAL18HS

(MAKE-PALDSF NAME °PAL1BHS
HIGH-TNPUT-MAP *((2 B) (3 4) (4 8) (5 12) (B 18) (7 28) (8 24)
(S 28) (11 38) (1 2))
LOW-INPUT-MAP *((2 1) (3 5) (4 9) (5 13) (8 17) (7 21) (8 25)
{9 29) (11 31} (1 3))
PRODUCT-MAP * ((19 (8 8} (1 8))
(18 (3 1) (1 1))
{17 (8 2) (1 2})
(16 (8 3) (1 3))
(1S (8 B) (3 8))
(14 (8 1) (3 1))
(13 (8 2) (3 2})
{12 {8 3) (3 3)))
PHANTOM-FUSE ~ROUTINE ' PAL1EHS-PHANTOM-FUSE)
*PALDEF)
{DEFUN PAL18HR-PHANTOM-FUSE (ARRAY)
33 Fill columns corresponding to unused inputs with 1's

(LOOP FOR COLUMN IN *(65 7 1R711 14 15 18 18 22 23 26 27}
DO (LOOP FOR ROW FROM 8 TO 15
DO (ASET 15 ARRAY (+ (x ROW 22) COLUMN))))
:3 Fill unused rous with 8 (all rows except 8, 1, 8, 9}
{LCOP FOR ROW FRCHM B8 10 15
UNLESS (MEMBER ROW *(B8 1 8 9))
D0 (LOOP FOR COLUMN FROM @ BELOW 32 )
DO (ASET @ ARRAY (+ (x ROW 32) COLUMN)))))

(PUTPROP °*PAL2@L18
(MAKE-PALDEF NAME 'PAL28L18
N-1NPUTS 48

INVERTED-PINS * (14 15 16 17 18 19 28 21 22 23)
HIGH-INPUT-MAP *((2 @) (3 4) (4 8) (5 12) (6 16) (7 28) (8 24)
(3 28) (1B8.32) (11 3B) (13 38) {15 34)
(16 38) (17 28) (18 22) (19 18) (28 14)
(21 10) {22 6) (1 2}
LOW-INPUT-MAP " ({2 1) (3 5)_ {4 9 (S5_13) (8 17) (7 21) (8 25)
(9 23) (18 _Z3) (11 37) (13 28) (15 35)
{318 31) (17 27) (18 23) (19 19) (28 1%)
) {21 11y (22 7) 1 3))
*PALDEF)
3=-- For the 28X register series, the lauout is similar except that
$~-- the & groduct terms for an output are OR’ed together in pairs
;=== then XUR’ed together and the recult is the complement of the
1=-=-- gQutput,
sSpecials for encodification
(DEFVAR »ARRAYx%)

(DEFVAR =x]PINSx)
(DEFVAR «PALDEFx)
(DEFVAR =xVARx)
{DEFYAR =TERMS»)

sDEFPAL expands into a PAL-EQUATIONS property for checking,
splus stores an array into the value of the symbol, where
s the FROM programming softiware wants it.

iExtranecus macro only necessary because &CUOTE doesn't work in Maclisp
(DEFMACRO DEFPAL (NAME TYPE &REgT CLAUZES)
*(DEFPAL-1 " ,NAME ',TYPE ',CLAUSES))

{DEFUN DEFPAL-1 (NAME TYPE CLAUSES
SAUX TPINS REAL-IPINS PALDEF RPINS OUTPUTS
*EXPAND-ALIST= xF [ELD-DEFINITIONSx ECQS ARRAY)
(OR (SETQ PALDEF (GET TYPE °PALDEF})
(FERROR NIL “~S undefined PAL type* TYPE))

1Parse the sGecifications
(DOLIST (CLAUSE CLAUSES)

(SEQECTQ (FIRST CLAUSE)

IPIN
(LET ({SIG (THIRD CLAUSE))
(PIN (SECOND CLAUSE)))
(LET ({HINPUT (CADR (ASSOC PIN (PALDEF-HIGH-INPUT-MAP PALDEF))
(LINPUT (CADR {ASSOC PIN (PALDEF-LOW-INPUT-MAP PALGEF)})
(OR (AND HINPUT LINPUT) (FERROR NIL "Pin ~D is not an input*®
(IF (MEMBER PIN (PALDEF-REGISTERED-PINS PALDEF))
(FERROR NIL *Pin ~D is a registered out?ut; don’t use IPIN" PIN))
(IF (EQ (FOURTH CLAUSE) 'L) (PSETQ HINPUT LINPUT LINPUT HINPUT))
(PUSH (LIST SIG HINPUT LINPUT) IPINS)
(PUSH SIG REAL-IPINS)}))
{(OPIN RPIN)
(LET ({(SIG (THIRD CLAUSE})
(PIN (SECOND CLAUSE)))
(IF (EQ_(FIRST CLAUSE) 'RPIN)
(LET ((REG-INPUT (INTERN (FORMAT NIL "NEXT-~A" (THIRD CLAUSE} )} ))
(PUSH (CONS SIG REG-INPUT) RPINS):Set up renaming for feedback
(OR (MEMBER PIN (PALDEF-REGISTEﬁEﬁ-PINS PALDEF))
(FERROR NIL "Pin ~D is not a registered output: don't use RPIN® PIN))

)}
))
PIN)}
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(LET ((HINPUT (CADR (ASSOC PIN (PALDEF-HIGH-INPUT-MAP PALOEF})))
(LINPUT (CADR (A‘SJC PIN (PALDEF-LOW-INPUT-MAP PALDEF)))))
(OR (AND HINFUT LINPUT)
(FERRCR NIL *Pin ~0 is not an |n?ut {needed for feedback}" PIN})
(IF (EO (FOURTH CLAUSE) ‘L) (PSETQ HINPUT LINPUT LINPUT HINPUT))
H L1587 SIG HINPUT LINPUT) IPINS)) :This is feedback
(SETQ G REG-INPUT) ) is what comes out of the array
(IF (MEMBER PIN (PALD:F-R:GISTERED #INS PALDEF) )
(FERRCR NIL "Pin 0 is erstered output: don t use OPIN® PIN)))
(OR (MATCH-ASSERTION-LEVEL? PALDEF IN (FOURTH LAUSE
(LET ({NEG-SIG (INTERN (FORMAT NIL "NOT-~A" SIG)))
(PUSH {(CONS NZG-SIG *(NOT ,SIG)) IEXPAND-ALIST*)
(SETQ SIG NEG-SIG)}) sThis ie what really comes out of array
(PUSH (LI1ST SIG PIN) OUTPUTS))
(0E (PUSH (LIST (THIRD CLAUSE) (S:CDND CLAUSE) '0E)
OUTPUTS) ) s asserted
(SETQ (PUSH (CONS (OR (CDR (ASSQ (SECOND CLAUSE? RPINS})) (SECDND CLAUSE))
(THIRD CLAUSE})
sEXPAND-ALIST*))
(F!ELD {PUSH (CDrA CLAU:-) »F [ELD-DEFINITIONSx))
DTHERWISE (FERROR NIL *~S unknown DEFPAL ciause” (FIRST CLAUSE)))}})
(LODP FOR (SIG PIN OE} IN QUTPUT
UNLESS {ASSOC PIN (1F OE (PALDEF-OE-PRODUCT-MAP PALDEF) (PALDEF-PRODUCT-MAP PALDEF)))
00 (FERROR NIL "Pin ~D is not defined in the output~: [~;-enable~] table” PIN OE))
:Turn on any outputs whcee (ce are not specified!
(LUCF FOR (Pi) ?N {PALDEF -0E -PROD UCT-MA PALDEF)
WHEN (LDOP FOR (IG NORE OPIN OE) IN QUTPLT
THEREIS (AND (= OPIN PIN) (PDT 0E)))
WHEN (LOOP FOR (IGNORE OPIN OE) IN QUTPUTS
NEVER (AND (= QPIN PIN) OE))
DO (LET {(NAME (INTERN (FORMAT NIL "PIN-~D-0E™ PIN)}))
(PUSH (LIST NAME PIN '0E) OQUTPUTS)
(PUSH (CUHS NAME T) «EXPAND-ALISTx)))
o_the boolean algebra to get a sum of products for each array output
ETQ EQS (LOOP FOR (VAR) IR QUTPUTS
COLLECT VAR
COLLECT (EXPAND-AND-SIMPLIFY VAR)))
(PUTPROP NAME (CONS *SETQ EDS) 'PAL-EOUATIONS)
sCheck that al! inputs are us
1LO0P FOR (IGNORE EXP) ON EQJ CDOR
DD (SETQ REAL-IPINS (DELETE-U:ED INPUTS EXP REAL-IPINS)))
(IF REAL-IPINS
(FCAMAT T "~&lnputs not used.~| ~A~l' REAL-IPINS))
tMake the array and initialize it |n|t|al fuse states (al! intact now)
{(SETQU ARRAY (M KE-ARRAY (PALD:F-N-HORDS PALE:F) )
(FILLARRAY ARRAY ' (8))
(IF (PALDEF-PHANTOM-FUSE -ROQUTINE PALDEF)
(FUNCALL (PALDEF-FHANTOM-FUSE-RCUTINE PALDEF) ARRAY))
:Co over the outputs and store their fuses into the array

{LOOP WITH xARRAYx = ARRAY AND xIPINSx = IPINS AND xPALOEFs PALDEF
FOR (xVARx PIN OE) IN OQUTPUTS AND (I1GNORE EXP)} O EQS Br CDOR
AS MAP « (IF DE_(PALDEF-OE-PRODUCT-MAP PALDEF) (PALDEF-PRODUCT-MAP PALDEF))
AS *TERMSx = (CDR (ASSOC PIN RAP})
D0 (ENCODIFY EXP))
(SET_NAME ARRAY)
(PUTPROP NAME TYPE *:PAL-TYPE)
NAME)

(DEFUN DELETE-USED-INFUTS (EXP SIGS)
{COND ((ATOM EXP) (DELQ EXP SlGS))
-{T (LOOP FOR EXPl IN (CDR EXP
5165) UG (SETQ SIGS (DLLETE-US:Q INPUTS EXP1 SIGS)}))
)]

(DEFUN MATCH- ASSERTIDN-LEVEL’ (PALDEF PIN-NUMBER LEVEL)
(EQ (NOT (EQ LEVEL 'L))
(NOT (HcHO PIN-NUMBER (PALDEF-INVERTED-PINS PALDEF}})))

;Biow ail fuses sxcept the ones BPECIfle
(DEFUN BLOW-PRODUCT - TERR (INPUT NJNBER-LIST)
0R TERR (FEBRCE Fr thos
? ! RCS NIL “Not ercugh product terms to do ~5° xVAR%})
{(LOOP WiTH TERM-BASE = (w {CAR TERT) (PALD:r-N-INPUTS «PALDEF=) )
WITH BITHASK « (LSH 1 (CADR TERM))
FOR INP FROM B BELOW (PALDEF- N-INPUTS «LPALDEF =)
UNLESS (MEMBER INP INPUT-NUMRER-LIS
00 (ASET (LOGIOR (AREF xAPRAYx (¢ TERH-BASE INP)}) BITMASK)
*ARRAYx (+ TERM-BASE INP)}}))

(DEFUN ENCODIFY (EXP SAUX TEM)
(COND ((EQ EXP ?
?ﬁ?“ no fuses

{(EQ EXP T)

:Blow ali fuses in one product term
{BLON-PROCUCT-TERM HIL) ?

((ScTQ TEM (ASSQ EAP xIPINSx)
(BLOW-PROQUCT-TERM (LIST (CnDR TEM))))

((AgOﬁ EYP% e
"aS undefined variabl for ~S" EXP =V
AR (CAR Exg) ghé?e vari e in expression for ~S5" EXP %VARx))

sD
(S
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(SETQ TEM (ASSU (CADR EXP) xIPINSx)))
(BLOU-FRCCUCT-TERM (LIST (CADDR TEM))))
((E0 (CAR EXF) *AND) (ENCODIFY-AND (COR _EXP))
((EQ_{(CAR EXP)y 'ORI (MAPC #°ENCODIFY (CDR EXP)))
(7 (r:RROn NIL "aS unrecognizable expression for ~S" EXP 2VARx))))

(DEFUN EEEODIEY ANn AFACTORS &AUX TEM)
’J ~ore
(LCOP FBR FACTOP IN FACTORS

ECT
(COND ((SETQ TEH (ASSQ FACTOR xIPINS=)) (CADR TEM))

((AND (NOT (ATCM FA"TDR)
(ED {CAR FACTOR) °'NOT)
(SET0 TEM (ACSQ (CADR FACTOR) =IPINS%)))

{CADDR TEM))
(T (FERROR NIL "~S undefined in exprecsion for ~S*
FACTOR xVARx%))))))

sPrint out in format similar to IM! manual
-X for B (connected fuse), blank for 1 (bloun fuse)
(DEFUN PRINT-PAL-ARRAY (ARRAY)
(TERPRI)
(PRINC » ")
{LOOFP FOR CDLUFN FROH %} ECLOJ 32 BY 4
DO (FORMAT T "~dac<aD~>.* COLUMN))
{LOCP FCR ROW FROM 8 BELDn 8.
U0 (FORMAT T "~%~20 " AOU
(LOOP FCR BIT = TH—N (LSH BIT -1) UNTIL (ZEROP BIT)
- DO (TERPRI) (PRIT "
(LOOP FOR CDLUHN FRGﬁ 8 BELOW 32
UNLESS (ZEACP COLUMN) WHEN (= (\ COLUMN 4) 8) DO (TYO #/.
DO (TYQ (IF éél; z;;; ?IT (AREF ARRAY (+ (x ROW 32.) CDLUHN)))
J

(PRINC *-"1)}}

sMake a name.PAL-CHECK file
(DEFUN MAKE-CHECK-FILE (NAMZ)
(LET_((FILE (OPEN (FORMAT NIL "~A.PAL-CHECK" NAHE) ‘'PRINT)))
(LET #M ((QUTFILES (LIST FILE)) (™R T) (™ T
#0_ ((STARDARD-QUTPUT FILE})
{?E S°?XNTER #Q GRIND-TOP-LEVEL (GET NAME *PAL-ECUATIONS))
RPR
(PRINT-PAL-ARRAY (SYMSVAL NAﬁE)))
(CLOSE FILE))) o o
sExpansion phase.
:This simply expands macros and plugs in values of "variables”
No simpiification is done,
:You then may cal! SIMPLIFY on the resuit.

;This is the "entry”
-So that macros may expand into macro calls, this loops until done
(DEFUN_EXPAND (FORH SOPTIONAL NU-COND &AUX fEW FORM1)
{LOOP DOING
(COND ((ATOM FORM)
(IF (SETQ TEM (ASSQ FDRN «EXPAND-ALISTx))
ETQ FORM (COR TEM)
(RETURN FORM) })
((AND NO-COND (EQ (CAR FORM) °"COND)) (RETURN FORM))
{(SETQ TEM (ASSQ (CAR FORM)
*((FIELD . EXPAND-FIELD) (COND . EXPAND-COND)
(IF . EXPAND-1F)
{NOT . EXPAJD-NOT) (AND . EXPAND-AND)
{OR_. EXPAND-OR) (XOR . EXPAND-XOR)
(HIRED- XOR , EXPAND- HIRED YOR))))
(SETQ _FORMI (FUNCALL (COR TEM) (CDR FORM))
(IF (EQUAL FORM] FORM) (RETURN FORM)
{SETQ FORM FORM1)))
(T (FERROR NIL *~S unrecognized - EXPAND" FORM)))))

-(FIELD signal-n signat-n-1 ... signa!{-8 (vaiue valus...))
sor (FIELD fieldname (value value...}]}
(D%EgnsEprND-FIELD (ARGS]
(LOOP FOR VALUE IN (IF (LIETP éEg?)(LAST ARGS)}) (CAR (LAST ARGS))

WITH SIGNALS = (EXPAND—FIELD SIGNALS {BUTLAST ARGS))
COLLECT (CONS °'A
LDDP FDR SIGNAL IN SIGNALS
OR MASK = {LSH 1 (1- (LENGTH SIGNALS}})
THEN (LSH MASK -1)
NHEBL(BIT -TEST MASK VALUE)
ELSE COLLECT *(NOT ,SIGNAL)II)I)

(DEFUN EXPAND-FIELD- SIGNALS (SIGS)
(LOOP FOR SIG IN S
WHEN {(CDR (A°50 SIG *«F1ELD-DEFINITIONSx)) APPEND IT
ELSE COLLECT SIG))

:Note that the antecedents should not overlap, and if it drops off the end
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t's dont-care

3 :
(DEFUN _EXPAND-COND (ARGS)
(CONS "OR (LOGP FOR CLAUSE IN ARGS
HHEN (EQ (CAR CLAUSE) T)
D3 (FORMAT T "~8iarning: T as pradicate in COND clause - ~S" CLAUSE)
COLLECT ‘(AND , (CAR CLAUSE) ", (CADR CLAUSE}})))

{DEFUN EXPAND-IF (ARGS)
*{OR (AND , (FIRST ARGS) , (SECOND ARGS))
(AND (NOT , (FIRST ARGS)) , (THIRD ARGS)IN

:XOR expands in terms of AND and OR
(DEFUN EXPAND-XOR (ARGS)
(CONS "OR (LOOP FOR CODE FROM 8 BELDW (EXPT 2 (LENGTH ARGS))
WHEN (Q0D-PARITY CODE)
COLLECT (CONS °*AND
{LOOP FOR ARG IN ARGS FOR BIT = 1 THEN (x BIT 2)
COLLECT (IF (BIT-TEST BIT CODE) *(NOT ,ARG) ARG}}1)))
(BEFUN ODD-PARITY (N)
{LOCP FOR N =« N THEN (// N 2) UN
WHEN (ODDP N) DO (SETQ PAR
FINALLY (RETURN PARITY}))

;1¢ WIRED-XOR is present, it stays as WIRED-XOR in the expansion.
+HIRED-XOR may only be used with PALs that have wired-in XOR capability,
tand then only in the right place. WIRZD-XOR is negated by negating its first argument,
(DEFUN EXPAND-WIRED-XOR TARGg)
(OR (= (LENGTH ARGS) 2)
{FERROR NIL "&S WIRED-¥OR with other than 2 arEuments' (CONS "WIRED-XOR ARGS)))
{LIST "WIRED-XOR (EXPAND (FIRST ARGS)) (EXPAND (SECOND ARGS))})

NOT NOT cancels. Move NOT inside of XOR.
TDT of COND moves inside. Note well that if COND drops off the end
D

TIL (ZEROP N} WITH PARITY = NIL
ITY (NOT PARITY})

he result is dont-care, not NIL! This is the only form of dont-care.
EFUN EXPAND-NOT (ARGS)
(OR (=« (LENGTH ARGS) 1)
(FERRCR NIL "~S NOT with other than 1 argument®™ (CONS *NOT ARGS)))
(LET _((ARG (EXPAND (FIRST ARGS) T)})
(CCND ((ATCHM ARG) *(NOT +ARG))
((EQ (CAR ARG) °'NOT) (CADR ARG})
((EQ (CAR ARG) 'CCHD)
{CONS "COND (LDOP FOR CLAUSE IN (CDR ARG)

COLLECT (LIST (CAR CLAUSE)
B (EXPAND-NOT (CDR CLAUSE}}))))
({EQ {CAR ARG) 'NIRED-XOR) *{WIRED-XOR (NOT , (CADR ARG)) , (CAODR ARS)))
(T “{NOT ,ARG)11))

(DEFUN EXPAND-OR (ARGS)
(CONS "OR (MAPCAR #'EXPAND ARGS)))

(DEFUN EXPAND-AND ({ARGS)
(CONS "AND (MAPCAR #'EXPAND ARGS)))

 :Simplification phase

(DEFUN_EXPAND-AND-SIMPLIFY (FORM)
(SIMPLIFY (EXPAND FORM)))

:Simplify and get into disjunctive nermal form (with a possibie top-level WIRED-XOR)
(DEFUN SIMPLIFY (FORM)
{COND ((ATOM FORM) FORM)
((EQ (CAR FORM) °NGT) (SIMPLIFY-MOT (CAOR FORM)))
((EQ (CAR FORM) °*AND) (SIMPLIFY-AND (CDR FORM)))
({EQ (CAR FCRM)} °'OR) (SIMPLIFY-OR (CDR FORM)))
{{EQ (CAR FORM) 'WIRED-XOR)
(LIST "WIRED-XOR (SIMPLIFY (SECOND FORM)) (SIMPLIFY (THIRD FORM)}))
(T (FERROR NIL "aS - at simplify??* FORM))))

sYarious useful primitives
{DEFUN LITERAL? (X)
(OR (ATON X) (AND (EQ (CAR X) °NOT) (ATDM (CADR X)})))

(DEFUN OPPOSITES? (X Y)
(OR (AND (NOT (ATOM X)) (EQ (CAR X) °NOT)} (EQUAL (CADR X) Y))
(AND (NOT (ATOM Y)} (EQ (CAR Y) °NOT) (EQUAL (CADR Y) X})))

—e =0 o8

Canonical ordering of literals.
NIL is less than is less than other atoms, which
sort aiphabetically (only symcols allowed).
NOTs sort the same as their arguments.
DEFUN CANONICAL-LESSP (X Y)
(OR (ATOM X} (SETQ X (CADR X)))
(R (ATOM Y) (SETQ Y (CADR Y)))
(COND ((NULL X

t

)
ESSP #Q STRING-LESSP X Y))))
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(DEFUN SIMPLIFY-NOT (ARG)
{COND ((EG ARG NIL)
({EQ ARG T) NI
((ATOM ARG) *(NOT ,A
({EQ (CAR ARG) ‘NoT)
({EQ (CAR ARG) 'AND)
(T (SETQ ARG (SIMPLIF
(COND ({OR (LITERA
(SIMPLIFY-NGT ARG))
({EQ (CAR AR3) 'OR)
(SIMPLIFY-AND1 (MAPCAR #°SIMPLIFY-NGT (COR ARG))))
(T (FERRCR NIL AﬁE)?;;eT simplification - SIMPLIFY-NOT"

+OR whcse arguments have not yet been simplified
(D:FLN SIMPLIFY-0R (ARGS) N
(COND ((NULL ARGS) NIL)
((NULL (CDR ARGS)) (SIMPLIFY {(CAR ARGS)))
(T (SIMPLIFY-0R1 (MAPCAR #'SIMPLIFY ARGS))})))

:0R _whose arguments have been simplified (and |list may be clobbered)
(CEFUN SIMPLIFY-ORL (ARGS)
(SETQ ARGS (DELQ _NIL ARGS))
(COND ({NULL ARS5) NIL)
((NULL (CDR ARGS)) (CAR ARGS))
({R2M2 T ARGS)
T :0R merg
{LOGP FOR_ARG IN_ARGS
UNLESS (LITERAL? ARG)
WHEN (EQ_(CAR ARG) 'OR)
B0 (SETQ ARGS (NCONC (UELO ARG ARGS

(COPYLIST (CDR ARG))))
LSE UNLESS (EQ (CAR ARGI 'AND)

80 (FERROR NIL “~S - garbage term in SIMPLIFY-OR1" ARG))
iRerove redundant terms (which must be conjuncts ncu) and also
imerge terms uhich are the same except for 3 clash in one factor
sRedundant terms cr identical or one |a covered by the cther.
(SETU ARGS (REMOVE -REDUNDAICIES ARGS))

(COND  ({NULL ARZS) NIL)
((NULL (CDR ARGS)) (CAR ARGS))
(T (CONS 'OR ARGS))I1))

Al

R
FY (CAPR ARG)))
FY-0R1 (MAPCAR #'SIMPLIFY-NOT (CDR ARG))))

(MENQ (CAR ARG) °* (NOT ANDI))

RG
T)
L)
N0

G)
(S
(S
Y

L?

Q)=-r-r
-t St b ot

:Note: this is not as optnmal as it could be, since it only optimizes pairuise
sFor |nstance, ut ucn t optamlva {or (and a b} (and a ¢) {and b -¢) (and -b ¢))

-«nto (or b_-c) (and -b ¢))
(QFSUN HEHDVE RtDUf HCIES (TERHS)

(LOOP FOR_(TERMI . PE ST) ON TERMS THEREIS
(LOOP FOR_TERMZ IN F
ULees (OR (LTTERAL? TERMD) (LITERAL? TERMZ))

[l g8

(LCOP FOR (X . REST1) ON (CDR TERM1)
FOR (Y . RESTZ) CN (COR TERM2)
UNLESS (ECUAL X _Y)

- WHEN (AND (OPPOSITES? X Y)- (EQUAL REST1 REST2))

B0 (OR (EQ (CAR_TERM1) °AND)  iparanoid
(SETéB$E‘K REMOVE-REDUNDANCES-BARF T))
(CONS (MAKE-AND (DELQ X (CDR_TERM1)))
(DELQ TERM!_(DELQ TERM2 TERMS)}))
(RETURN T) sOone with TERM1
ELSE RETUAN NIL
WHEN {OPPOSITES? TERMI TERﬂZ)
RETURN (SETQ_TERMS {LIST T))
WHEN {COVERS? TERMI TERM2)
RETURN (SETQ_TERMS (DELG TERM2 TERMS 1))

TERI
RETURN (SETQ TERMS (DELQ TERM1 TERMS 11))})
TERMS)

(DEFUN MAKE-AND {(ARGS)
{COND ((NULL ARGS) T)
{(NULL (CDR ARGS)) (CAR ARGS))
(T (CONS *AND ARGS))})

:Does one conjunct cover another
(DEFUN COVERS? (X Y}
(IF (LITERAL? X) (IF (LITERAL? Y} (EQUAL X V)
MEMSER X (CTR Y))
{(AND (NOT (LITERAL? Y))
(NOT (> (LENGTH X} (LENGTH Y)))
(LOOP FOR XX IN (COR X)
ALUAYS (MEMBER XX (CDR Y))))))

iSimplification of ANDs, including distribution of AND over OR.

$AND whose arguments have not yet been simplified
(DEFUN SIMPLIFY-AND (AR
(COND ( (NULL ARGS) T)
. ((NULL (CDR ARGS)) (SIMPLIFY (CAR ARGS)))
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(T (SIMPLIFY-AND] (MAPCAR #’SIMPLIFY ARGS)))))

$AND whose arguments have been simplified {and [ist may be clobbered)
(OEFUN SIMPLIFY-ANDL (ARGS)
(SETQ ARGS (DELQ T ARGS))
(COND ((NULL ARGS) T)
((NJLL (CDR ARGS)) (CAR ARGS))
({MEMQ NIL ARGS) NIL) .
(T (LOOP FOR ARG IN ARGS 1OR/AND merging
UNLESS (LITERAL? ARG)
WHEN (EQ {(CAR ARG) 'AND) COLLECT ARG INTO ANDS
EkEEYuHEN (EQ (CAR ARG) 'OR) COLLECT ARG INTG ORS

(RETURN
{COND (ANDS
(BOLIST (X ANDS) (SETQ ARGS (DSLO X ARGS)))
(DOLIST (X ANDS) (SETQ ARGS (NCONC ARGS (COR X))))
(égéHPLIFY-ANDI ARGS})

(DOLIST (X ORS) (SETQ ARGS (DELQ X ARGS)))
(ANDO (SETQ ARGS (SIMPLIFY-AND1 ARGS))
(SIMPLIFY-0R1
(GISTRIBUTE ORS (LIST ARGS)})))

7
{SETQ ARGS (SORT ARGS #°CANONICAL-{ESEP)}
(LOOP FOR (FIRST NEXT) ON ARGS
WHEN (OPPOSITES? FIRST NEXT)
RETURN NIL
UNLESS (EQUAL FIRST NEXT)
Iﬁth$CT FIRST INTO RESULT

L
(RETURN
(COND €(NULL RESULT) T)
((NULL (CDR RESULT)) {CAR RESULT))
(T (CONS "AND RESULT))})))1))1)1)))

sDistritute each of the OR expressions in ORS over EXPS, which is the
scdr of an OR expression containing onfy conjuncts. Simplify at each
$stage in the hope of avoiding total combina{orial explosion.
(GEFON DISTRIBUTE (ORS EXP)
{IF {NULL CRS) EXP
(SETQ EXP (SIMPLIFY-OR1
(LOOP FOR X IN (CDAR ORS)
NCONC (LDOP FOR Y IN EXP
UHEN (MERGE-CONJUNCTS X Y)

COLLECT ITh))
(DISTRIBUTE (COR ORS)
{IF {OR_(ATOM EXP) (NOT (EQ (CAR EXP) 'COR)))
(LIST EXP)
(COR EXP})) 1))

Fl

{DEFUN MERGE-CONJUNCTS (X V)

(COND ((EQ X NIL) NIL)
((EQ Y NIL) NIL)
((EQX T) V)
((EQ.Y T) X}
((LITERAL? X)

(COND ((NOT (LITERAL? Y)) (ADD-TO-AND Y X T))
((EQUAL X Y} X)

((OPFCSITES? X _Y) NIL)
((CANONICAL-LESSP X Y) *(AND ,X ,Y))

(T *(AND ,Y ,X)))
((LITERAL? Y) (ADD-F0-AND X ¥ 13
(T (LOOP FOR YY IN (COR Y) WITH COPYP = T
AS NEWX = (ADD-TO-AND X YY COPYP)
UNLESS (EQ NEWX X)
GO (SETQ X NEWX COPYP NIL)
. UNTIL (NULL X)) -

sGiven 3 camonical, sinplified conjunct, add one more facter
tand return_a canonical, simplified ccnjunct.
(DEFUN_ACD-TO-AND (AND FACTOR COFYP)
(COND ((LITERAL? AND) (SETQ AND *(AND ,AND) COPYP NIL))
({EQ (CAR AND) 'AND))
~o AT _{FERROR NIL “aS - how did this get here? - ADD-TO-AND® ANO}))
(LOOP FOR TAIL « AND THEN (CDR TAIL) AND'1 UPFROM 2
WREN_ (NULL (CDR TAIL))
RETURN (1F COPYP (SETQ AND (COPYLIST AND) TAIL (NTHCDR 1 AND)))
(RPLACD TAIL (COMS FACTGOR (CDR TAIL)))
WHEN (EQUAL (CADR TAIL) FACTGR)
EETURN NIL

WHEN (OPFOSITES? (CADR TAIL) FACTOR)
RETURN (SETQ AND NIL)
{CANONICAL-LESSP FACTOR (CADR TAIL))
uH%ETURN (1F COPYP (SETQ AND (COPYLIST AND) TAIL (NTHCOR I AND)))
Né?Ph?E? TAIL (CONS FACTOR (CDR TAIL))))

(COND ({NULL Al
¢ ((NULL (COR AND)) T)

((NULL (CDOR AND)) (CAOR AND))

{T AND)))
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1: -%- Mode:Lisp: Package:Micro; Base:8; Lowercase:t -x-
s: (c) Copyright 1882, Symboiics, Inc.

94

imylator of L-machine microcode .
his file contains the framework needed to run everything elss
his part gets loaded before the architecture definitions, SIMX is locaded later

——

Kludges

#1 (decliare (muyzzied t)}
#M (eval-wuhen {ioac)

- {putprop ’loop-coliect-init (get ’loop 'autoload) *autcicad))

sMemories

"

defconst smain-memory-sizex 48888) ;16K should be enodgh for anyone!

(defvar smain-memorys (make-array smain-memory-sizex))

{defconst =xa-memory-sizex 122028) :Possibly only half of this will exist
{defvar xa-medmorys (make-array xa-memory-sizex))

{defvar sb-memoryx (make-array 488)}

(defconst spage-sizex 428)
(defconst xquantum-sizex xpage-sizex) ;small for now. And no virtual m2pping.
(defvar xaddress-space-maps (make-array 2888)) ;by

(defconstbta-uanorg-virtuaI-addrcssx {lsh 1 1B8.)) arbitrarily chosen

(defvar mopcode-tables (make-array 2828))

sRegisters

{(defvar xvmax) sVirtual memory address

{defvar =xpmax) sPhysical memory address

{defvar zmemx) 10ata to and from memory

{defvar xpcx) iMacroprogram next-instruction pointer (in ha!fuords)

(defvar xinstructions) ;Current instruction

sBase registers

:Thess contain 28-bit addresses that also point at the internal memory
(defvar xframe-pointerx)

(defvar xstack-pointerx) tcan count up and doun

(defconst sbase-register-listx ’(xframe-pointers sstack-pointerx))

:These registers contro! address m2pping when internal memory

is addressed via xframe-pointerx or xstack-pointers

(defvar xstack-buffer-addressx 8) sMust be muitiple of 488
(defvar xstack-buffer-maskx 1777) slow 8 bits must be 1's

sBecause I can’'t read long strings of 7s
sThis has to use subl and expt so | can get a 36-bit mask in Maclisp
sNote that the arcument must he a numher

tevai-unen icompile load eval)
- (defun (mask macro) (x)

(let #Q ((default-cons-area uoPking-storage-area])
(subl (expt 2 (cadr x})})}))

:Basic Hord Formats

(
(
€

comment ;comes from SYSDEF now
eval-uien (compile eva! lgoad) L
defconst xdata-typesx ' { s somewhat preliminary!
;Low 16 types
dtp-null dtp-nii dtp-sumbo! dtp-extended-number
dtp-external-value-ce!l~nointer dtp-locative
dip-iist dtp-compiled-function .
dtp-array dtp-cinsure dtp-entity dtp-lexical-closure .
dtp-seiect-methoq dtp-instance dtp-header-p dtp-header-i
sFixnum uses up 16 types
dtp-fix dtp-fix dtp-fix dtp-fix dtp-fix dtp-fix dtp-fix dtp-fix
dtp-fix dtp~fix dip-fix dtp-fix dtp-fix dtp-fix dip-fix dip-fix
sFlonum uses up 16 types .
dtp-float atp-flocat dtp-float dtp-float dtp-fioat dtp-float dtp-float
dtp-fioat dtp-float dtp-fioat dtp-fioat ditp-fioat dtp-float dtp-float
dtp~-float dtp-float
sHigh 16 types (note: dtp-even-pc, dtp-odd-pc must be 8 and 18
: : in this group of 16)
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dgtp-even-pc dtp-gc-forward d?g-one-g-foruard dtp-header-foruard
dto-body~-foruard dtp-BS_dtp-E5_dtp-67

dtp-odd-pc dtp-71 dtp-7Z dtp-73

dtp-74 dtp-75 dtp-76 dtp-77))

{defconst zxcdr-codesx ' (cdr-next cdr-nil ecdr-normal cdr-spare))
}:eval-uhen

}:icomment .

{deciare (special xdata-tupesx xcdr-codesx)) s in SYSDEF

{defmacro pointer-field {q} ‘(iogand (mask 28.) ,q))
(defmacro fixnum-field (g} ‘{logand (mask 32.) ,q))
(defmacro high-type-field i@} *lien 4022 ,ql)
(defmacro tupe-field (g} “{igy 34258 ,gi)

(defmacro cdar-field (g) ‘(ido 4282 ,q}))

(defmacro set-cdr (value cdr)
(let ({(cdr-code o
(if (numberp cdr) cdr [find-position-in-list cdr xcdr-codesx))})
(or cdr-code (ferror ni! "5 undefines cor code* cdr))
‘{dpb ,cdr-code 4202 ,valuel))

0

{defmacro set-tupe (ptr dtp) .
{iet {{dtp-code (find-position-in-list dtp :data-tgpes*)))
{or dtp-code (ferror nil "5 undefined data type” dtp))
(if (memg dtp ' (dtp-fix dtp-fioat))
“(dpb , (Ish dtp-code -4) 4882 (logand (mask 32.) ,ptr)).
‘(dpb ,dtp-coce 3488 (logand (mask 28.) ,ptr)))})}

sNumber fields (fixnum onlu for nowt

(defun unbox-fixnum {(q)

(= (logxor (fixnum-fielqrq) 1_31.) 1_31.))

s11 -%- Mode:Lisp; Package:Micro; Base:8; Lowercase:t -x-
is: (c) Copyright 1882, Symbolics, Inc.

imulator of L-machine microcode .

is file gets loaded after the architecture definitions

b 0

{declare (load 'sim})

{deciare (xlexpr address-add)
fixnum (even-instruction fixnum) {odd-instruction fixmum)
-{instruction-opcods) {instruction-unsigned-immediate)
{instruction-signed-immediate) {(pc-add fixnum fixnum)
{instruction-baseno) (instruction-offset)
(stack-address fixnum) (address-add notype fixnum)})

;Accessor macros for named memory slots

(defmacro top-of-stack () *(aref sb-memcryx 388))
(defmacro stack-iimit () ‘(aref sxb-memoryk 344])

(comment

(defmacro temp-1 ()} ‘{aref xb-memorys 3
{defmacro temp-2 () ‘(aref sb-memoryx 3
{defmacro temp-3 ()} ‘*(aref xb-memorgx 2
{defmacro temp-4 () *‘(aref xb-memorye 3
{defmacro temp-5 () *(aref xb-memoryx 385
(defrmacro trans-temp {J ‘(aref sb-memoryx 366))
) ;comment

51})
521}
£31}
B4})
55) }

(defmacro stack-lou () *(aref xa-memoryx 2483))
{defmacro a-stack-overflon () ’{aref xa-memorysx 2484))

;Accessor macros for fields of the YMA

(defmacro vma-guantum () ‘(// (pointer-field svmax) xquantum-sizex))
{defmacro vra-page () *{// (pointer-field wvmax) *xpage-sizex))
(detmacro vma-uithin-page () ‘(logand xvmax , (l- xpage-sizex)))

tAccessors for instructions as fetched from memory

{defun even-instruction {mem) (dpb (idb 4281 mem) 2881 (1db £8280 mem) ) )
{defun odd-instruction (mem) (dpb (idb 4361 mem) 2881 (ldb 2828 mem)))

sAccessors for fields of the instruction

(defun instruction-cpcode () (Idb 1811 xinstructionx))
{defun instructicn-no-operand-opcode ()} (+ {idb 8811 winstructions) 1888))
(defun instruction-unsigned-immediate ()
(idb 8210 xinstructicnx))
{defun instruction-signed-immediate ()
(~ (logxor 282 (instruction-unsigned-immediate)) 288))
{defun instruction-baseno () (igp 8781 xinstructionk))
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{defun instruction-offset (} (ldb B237 xinstructions))

tAddress arithmetic for internal memory

(defun address-2dd (basenc offset &optional (macroccds nil)) .
(let ((base-reg (if (numberf baseno) (nth baseno xbase-register-listx)
baseno)))
(and macrccode (eq base-reg "xstack-pointers)
{setq offset (1+ (logior offset 7668))))
{tet ({adar (logand (+ (symeval base-re?) offset)
{1- xa-memory-sizex})))
{stack-address addr})))

{defun stack-address (addr)
(+ (logand addr xstack-buffer-masks) xstack-buffer-addressx))

{defmacroc local-cperand ()
‘{aref xa-memoryx . . .
{address-add (instruction-basenc) (instruction-offset) t)}))

sAccessor macros for the current frame

:The currently executing function
(defmacro frame-tunction
‘laref xa-memoryx (address-add 'xframe-pointerx -1}))

sA fixnum full of various fields
(defracro frame-micsc-data ()
‘(aref sa-memoryx (address-add ‘xframe-pointerx =2)))

;Calter's return PC
(defracro frame-return-pz ()
‘{aref ®a-memoryx (address-add 'wframe-pointerx -3}))

:Top of previous frame = value to restore to (ataCk:P9jﬂfEE,”,m_,w

:The cdr code of this word is the value disposition
{defmacro frame-previous-top () ]
‘{aref xa-memorysx (address-add "zframe-pointerx -4)))

sBase of previous frame = value to restore to (arg-pointer)
(defmacro frame-previous-frame ()
‘{aref xa-memoryx (address-add 'sframe-pointerx -5)))

;Fields in frame-misc-data

{defmacro frame-number-cf-args ()
*(ldb 8886 (frame-misc-datal))

(defmacro frame-cieanup-bits ()
‘{idb @685 (frame-misc-datal})

{defmacro frame-buffer-underflou-bit ()
"{idb 8681 (frame-misc-data)))

;PC manipulation

{defun pc~-add {pc octfset)
{let {{word {+ (pointer-fieid gc) (ash offsat -1)))

. {haifuord (iogxor (ldb 3781 pc) offset (if {minusp offset) 1 8))))
(if (oddp hal fuord)

{set-type word dtp-odd-pc)
(set-type word dtp-even-pc))))

(defun pc-plus-number {(pc offset)
{let ({nord (pointer-field pc))
fhaifuord (+ {idb 3781 pc) offset)))
{setq word (+ word (if (minusp halfword) (1- (// halfuord 2))

. (// halfuord 2)}))
(it {oddp halfuord)

{set-type word dtp-odd-pc)
(set-type word dtp-even-pcl)l})

{defun pc-oddp (pc)

(not (zerop (ldb 3781 pc))))
:Compar i sons ’ ) )
: these are all assumed toc exist in the real machines

vy

(defun equal-pointer (x y) . 128-bit
(= (pointer-fieid x) {(pointer-field yl}))

(defun equal-fixnum (x ?’ 132-bit
(= (fixnum-field x) (fixnum-field yl))

(defun equa!;tgped-gointer (x y) 1 34-bit

(= {logand {(mask 34.) x) (logand (mask 34.) yI))
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(defun equal-word (x y) +36-bi t
(- x U))
(defun greater-pointer (x y) . $28-bit

(> (pointer-fieid x} (po?nter-field yl))

(defun lesser-pointer (x y) 128-bit
{< (pointer-field x)} (pointer-field y)))

(defun greater-fixnuam (x y) 332-bit
{> (unbox-fixnum x} (unbox-fixnum yl}})

{de fun fesser-fixnua {x y! 132-bit
{< {unbox-fixnum x) {unbox~fixnum yl})

(defun lesser-fixnum-unsigned (x ¥) 132-bit unsigned
(< (fixnum-field x) (fixnum-field y)))

(defmacro data-type? (word &rest types)
{consify 'or (Toep for tuype in types
collect (sslectg tuype
(dtp-fix ‘(= {high-type-field ,word) 1))
(dtp-fioat ‘(= (high-tupe-field ,word) 2))
(otheruise ‘{e (type-field .uordi
. (find-position-in-list t??e
sdata-typesr)))))

{defmacro cdr-code? (uord &rest cors)
{consify *or (loop for cdr in cdrs
coltect ‘f{= {cdr-fie!d ,word)
, {cond {(numberp cdr) cdr)
{{(find-position-in-list cdr xcdr-codesx})
(t (ferror nil “aS illegal cdr code® cdr)))))))

sNIL and T constants
{defvar xnilx (set-type 8 dtp-nil))
{defvar =tx (set-type 525252 dtp-symbo!))

(eval-uhen (compile load eval)
(defun consify (head list)
(eona ({null list) (ferror nil “something is missing™))
({nul! (cdr list)) (car list))
(t (cons head list})))
};eval-uhen

:1n real_machine this comes out of the ALU. This routine is a crock.
tReturn T if bits 31 and 32 of the alu output differ.
{defun overflow-p (alu-output)

(not {zerop (logand (ash alu-output -31.} (ash alu-cutput =32.) 1})))

{comment :not used any more
;Stands for AND of deciding to trap and the arithmetic trap-address PLA
(defun encode-aritnmetic-trap-condition
(atus-tyce-mismatch bbus-type-miemateh overflow abus bous)
fand {(or abus-type-mismatch bbus-type-mismatch overfiow)
{cond ((data-type? abus dtp-fix)
- {cond {{cata-type? bbus dtp-fix) *fixnum-fixnum)
((data~type? bbus dtp-float) °fixnum-flonum)
((data-tgga? bbus dtp-extended-number) °*fixnum-extnum)
(t "error}))
((data-type? abus dtp-float)
(cond ({data-type? bbus dtr-fix) °flonum=-fixnum)
({data-type? pbus dtp-ficat) ’flonum-fIicnum)
((data-type? bbus dtp-extended-number) 'extnum-extnum)
(t 'error?))
(({data-type? abus dtp-extendec-number)
{cond (loata-type? bbus ctp-fix) ’extnum-fixnum)
((data-type? bbus dtp-fioat) ‘'extnum-extnum)
({data-type? bous dtp-extended-number) °*extnum-extnum)
(t ‘errorl))
(t ‘error)))) -
};comment

iinternal memory (A memory) address conversions

iThe A memory can be addressed ejther direct!y or by a

;base register pius an offset. The two base registers are the
iframe pointer and the stack pointer; the latter is an up/doun
;counter. These two base registers are 28-bit registers that

iread and urite from the main data path. The offset that can

tbe added can be the low & bits of a macro-instruction with
isign-extension controlled jointiy by the microcode and the 8th bit
$Or 3@ microcode constant. ’
skhen the stack pointer is used as 3 base, the high bits of the
;offset and the carry-in are set to 1 to cause, in effect,

13 subtraction (this only happens when the offast comes from

18 macroinstruction).

s The R3pping from the result cf the acdition of base and offset

ito an internal memory addrees is as toilaws: the low 8§ bits

$go ntqan?ht through.  The high 2 bite come from a special register.
iihe middie 2 bits are selectabis betueen the output of the :



4,887,235
101 102

sadder and the special register, The special register and mode
scontrol are changed when switching betueen the E3in and auxiliary
sstack buffers.

sFor function calling to work efficientiy with this, the main
103ta path has to be able to add or subtiract a small microcode
iconstant from either of the base registers, plug in a data type,
sand put the result on the output bus whence it can be written
sinto internal lemcr¥ or into 3 base register. The address_adder
scannot be used for this since it has to be a 28-bit add. The
jnecessary microcode constants are stored in B memory.

:This function sets up a stack at virtual! addresses 32888-37777, puts the
sfirst 1K of it into the stack buffer in the first 1K of A memory, and sets
siup the frame pcinters to give a frame for the specified function and
sarguments. Also sets the PC to the function’s starting address. This only
suorks for functions that use the fast—ar? sequencs,
(defun initialize-sg (function &rest args
ssMap locations 320880-33777 into A mamory 8-1777
$=-- No map yet ---
:3Set pointers to initial frame
(setq xframe-pointerx 328C25)
1;Build the frame header
(setf (frame-misc-data) (set-type (length args) dtp-fix))
{setf (frame-buffer-underflow-bit} 1)
{setf (frame-function} function)
;Note that the return PC is given valid data type so that a data
s type check does not go off prematurely before the frame cleanup
s;check when returning out the top of a stack group

{setf (frame-return-pc) (cet-type & dip-even-pcl} sno caller
(setf (frame-previous-top)

{set-cor (set-type 31777 dtp-locative) 1)) sempty pdl, for Yalue
(setf (frame-previous-frame) xniix) s1no calier

;Depends on pointer-field of frame-previous-frame being zerc!
s:Store the arguments
{setq xstack-pointerz 32284)
{locp for arg in args do (pushval arg))
$:Set up the stack-buffer limit allowing for 188 words of overhead
$ii.e. space for frame header of overflouing frame, for executing
i1trap routines, etc. 188 is hopefully much too high,
(setf (stack-limit) (set-type (- 33777 188) dt?-locative))
(setf (stack-lou) (set-type 32808 dtp-locative))
{eetf (a-stack-overflow) (set-type (- 37777 183) dtp-locative))
1:5et the PC
{setq xpcx (set-type function dtp-odd-pc)))

{dectare (xiexpr micro~-main-loop))

(defun run-eg (function &rest args)
(lexpr-funcali ¥ initialize~sg function args)
{micro-main-loop))

sDebug 1/0 routines

sPrint a word
{defun pg {q) .
{princ {nth (cdr-field g) =xcdr-codesx})
{tyo #\sp)
(iet ({type (nth (type-field q) mdata-typesx))
( _{base 8;)
princ type
{(tyo ﬁ\sp?
(seiectq type
{dtp-fix {(prinl (unbox-fixnum g)})
{dtp-fioat (prinl (fixnum-field q})) ;--- temporary
(otheruwise (prinl (pointer-fieid q))))‘
{princ | 9] ;For peopie who mapcar this
#0 (values))

:Print the ?dl

(defun pp ( .
(loop for i from xframe-pointerx to xstack-pointerx
as ii = (stack-address i)

do (format t "~8a0: 0 i
{pq (aref wa-memorux ii}))
{cond ((not (= (top-of-stack)

(aref za-memcrys ii))
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(aref x2-memoryx (stack-address tstack—yointer:))))
(format t '~&TUS—re?ister: ~0 * (top-of-stack))
{pg (top-of-stack))]))
# (vatues))

;Print the current frame (or any frame)
(defun pf (8optional (ap xframe-pointerx))
(ioop for i from (- ap S) below ap
for tabel in *(previous-frame previous-top return-pc misc-data function)
3s ii = (etack-address i)
do {format t “~8.0(~A):~22T~0 ™ ii labe! (aref xa-menoryx iil)
(pq (aref xa-memoryx ii}))) )
#Q (values))

;Print contents of one or more memory locations
(defun pm (from &optional (to from))
{loop for addr from (pointer-field from) to {pointer-field to)
as data = (rau-mem-read adcr)
do (format t “~8~0// ~0 * addr data)
(?q datal)
#Q (values})

;Print contents of one or more internal memory locations
{defun pim {fror &ocptional (to from))
{ioop for addr from from to to
as data = (aref xa-memorys adar)
do (format t “~8~0// ~0 ~ " addr data)

{pq datal)
# (values?)
‘;Memory referencing without transport

:This does just enough page lapping to make things work.

:Virtual addresses from stack-louw through stack-pointer are mapped

sinto the low 1K of internal memory.

{defun set-pma-from-vma {) : .

{setq xpmax (if {and (<= (pointer-field (stack-lou)) =mvmax)
(ce xvmax (pointer-fieid xstack-pointerx)))

(+ xa-memory-virtual-addressx (logand 1777 wxvmax))
xvmax) })

(defun rau-mem-read (address)
(setq wxvmax address)
{setq xpmax (?ointer-field xvmax) )
{pna-wen-read)) .

(defun pma-mem-read (}
(cond ({>= xpmax zxa-memory-virtual-addressx)

(let ((tem (- *pmax xa-memory-virtuai-addressx)))
{or (< tem 18E88) (ferror nil “reading gartage address S° xpmax) )
(setq xmemx (aref ta-memcryz tem))))

{{>= xpmax xmain-memory-sizex

(ferror nil "reading garbage address ~S* spmax))

(t (setq xmemx (aref xmain-memorys xpmax))}))

{defun rau-mem-urite (address data)
(setq xvmax address xmemx data)
(setq *pmax (pointer-field xvmax))
{pma-mem-urite data))

(defun pma-mem-urite (data)
{cond ({>= xpmax xa-memory-virtual-addressx)

(let ((tem (- xprax xa-memory-virtual-addressx)))
{or (< tem 18883) (ferror ni! “uriting garbage address ~S5* xpmax))
(aset data sxa-memoryx tem)})

({>= xpmax xmain-memory-sizex)

(ferror nil “writing garbage address ~S" xpmax))

(t (aset data smain-memoryx spmaxi))})

{defun simulate-transporter (transport-type}
{loop doin? (pme-mem-read)
until (selectg (rnth {(tupe-field xmems) xdata-typess)
((dtp-nil dtp-symbo! dtp-extended-number dtp-locative dtp-list
dtp-compiled-function dtp-arra
dtp-closure dtp-entity dtp-lexical-closure
?tp-instance dtp-fix th-float dtp-even-pc dtp-odd-pc)
t sbo

od types
{{dtp-nult) i
{or (memq transport-type ’(urite bind)) .
(ferror nil “unbound variabie//definition”}))
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({dtp-header-p dtp-header-il

(or (eq transport-type 'header) .

(ferror nil "bad data type encountered”})}

({dtp-external-value-cell-pointer)

{memg traneport-type 'f{pind no-evep)))

{(dtp-ona-g-foruard dtp-header-forward)

(se;q xVE3E xmems)

nil
{{dtp-body-forward)

(setf {(trans-temp) =xvmax)

(rau-mem-read xmenx)

{or (data-tupe? smcmx dip-header-foruard) .

{ferror nil "body foruard dossn’t point to header fud"))
{setq xvmax {dpb (+ [pointer-field xmenx)
(- {pointer-field {(trans-temp))
(pointer-fiald xvmax)))

2834 (trans-temp)))
nit)

{othernise (ferror nil "bad data type encountered")))
do (setq xpmax (setq xvmax (pointer-field xvmax})))})

{defun mem-read (address &optional (transport-type "datal)
(tran?port-addrsss address transport-type)
smenx

(defun mem-urite (address data 8optional (transport-type "data))
(transpor t-address address transport-type)

(rau-mem-urite xvmax data)} sActual iy, doesn’t repeat mapping phass
}iend comment

(defun initialize-main-memory (8optional (n-uords xmain-zmemory-sizex))
(dotimes (i n-words) .
(aset (set-type i dtp-nulll mmain-memoryx i)})

sInstruction emulation

{comment
{defvar snext-free-opcodex 8)

(defmacro definstruction (name format &body emulator)
*{progn 'compile
(add-instruction °',name ' format)
{defun (,name executor) (}
. ;emuiator}})

(defun add-instruction {name format)
{iet {(opcede
{or (car (get name 'instruction-data))

(it (eq format *18-bit-immediate)
iHave to assign groug of 4 opcodes
sFor simulator these actually have to be alignad
(iet ({opcode (iogand (+ xnaxt-free-opcodex g) ~41))

(it {asé? xmnext-free-opcodes (+ opcode 4)}

(error “out of opcodes” name ‘fail-act))
opcode)

(progl xnext-free-opcodex
{if {> (setq xnext-free-opcodex
(1+ =next-free-opcodex))
1228)

. (error “out of opcodes® name ’fail-act)})))))
(putprop name (list opcode format) *instruction-data)
(it (eq format *1B8-bit~immediate)
(ioop for i from 1 to 3
do {aset name sxopcode-tablex (+ opcode i))))
{aset name sopcode-tahlex opcode)) ).
):comment

{defvar xsingle-stepx nil)

{comment
sRun using emuiator written with definstruction
{defun main-loop (&optional (starting-gc x?cx))
{setq xpcx (if (< starting-pc (mask 28.)
{set-type starting-pc dtp-even-pe) shumber = word address
starting-pc))
{scateh *halt
{do ((omcode)) (nil)

:sinstruction fetch

raw-mem-read xpcs)

(setg xinstructionx (if (pc-oddp =pcx) (odd-instruction xmemx)

{even-instruction »memx)))
s;lnstruction decode
(setq opcode (aref mopcode-tablex {instruction-opcode) ))
;:Possible debug break
{cord ({or xsingle-stepx (null opcode))
(Im-disassenbie xpcx 1)
(break single-step t}))

silncrement PC and execute instruction
(setq ®xpcx (pc-plus-number spcx 1))
{xcatch ‘pcisr

(funcall (get opcode 'executor}}}))}
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Jicomment

;Run using actual microcode emulator
{defun micro-main-loop (Eoptional (startin?-pc *pcx) )
{setq xpcx (if (< starting-pc (mask 28.)
(set-type starting-pc dtp-even-pc) snumber « word address
starting-pc))
(xcatch "halt
{do ((opcode) (executor)) (nil)
ssInstruction fetch
{rau-mem-read sxpcx}
(setq xinstructions (if {pc-oddp =pcx) {odd-instruction smems)
{even-instruction smems)))
s:lnstruction decode

(get? opcode (instruction-opcode))

(if (> opcode 375) (setq opcode {instruction-no-operand-opcode)))

(setq opcode (aref xopcode-tablex opcode) )

;;Possible debug break

{cond ({or xsingle-stepx (null opcode))

(im-disassemble spex 1)
(break singie-step)))

{cong {{null (setq executor (get opcode 'micro-executor)))
{Im-disassemble spcx 1? :
(terpri)
{princ "No micro-executor found. $p to use SIM executor.®)
(bresk missing-executor)
{setq executer (get opcode ‘executor))}))

sslncrement PC and execute instruction

(setg spcx (pc-plus-numper xpcx 1))

(aset xpcx xa-memoryx 2528) sKludge f m ontro!
(xcatch ’peler (funcall executor)) ¢ °r temporary memory c
(sety xpex (aref *xa-memoryx 2583))1))

sExcessively simple assembier

(defmacro defmacrocodse {(pcvar starting-ucrd &body code)
‘{progn (setg ,pcvar {(set-type »starting-uord dtp-even-pc))
« »(loop for adar upfrom (x 2 starting-uord)
for inst in code
collect *(Im-assemble ,addr *,inst)}))

(defmacro defunction (fcnvar starting-werd (min-nargs R3x-nargs rest-arg)
constant-|ist
&body code) . .
{or max-nargs (setq max-nargs min-naras)) idefauits to no optionals
i--- What to do apbout this? No encoding in entry instruction fer
;--- @ function with no constants!
{or constant-list (setg constant-list (list sniix)))
‘{progn_'compilse
;The pointer to the ob{ect points at the entry instruction
{setq , fcnvar (set-type , {+ starting-wuord (len?th constant-iist) 2)
dtp-compiled-function)
sdtp-header-i, typescompiled-code, lengths of both parts, interp info
(aset (set-cdr (sat—t7fe
o {+ Tl- (length constant-list}) :Length-3 of Q part
(ash ({{ (+ (length code) 2} 25:Length of non-Q part

a)dtp-header-i)
xmain-memoryx ,starting-word)
slist of function name and debug info
(aset xniix smain-memorysx , (+ starting-word 1))
sconstants/value-function celi references in reverse order
3-~- For nou, we assume cell references are just numbers! —--
+e(loop for addr downfrom (+ atariing-word 1 (length constant-list))
for const in constant-iist
do (if (zerop (type-field const))
(setq const {set-type const dtp~-locative)))
collect ‘{aset ,const xmain-memoryx ,addr))
sentry instruction
(aset , (make-entry-instruction min-nargs max-nargs rest-ar?
{1- (length constant-iist})
*main-memoryx , (+ starting-uord 2 (length constant-list)))
:The code
. »licop for addr upfrom (1+ (= 2 (+ starting-uord 2
{length constant-list))}))
for inst in code
coliect ‘(im-acsemble ,addr °,inst)}))

{defun make-entry-instruction (min-nargs max-nargs rest-arg header-offset)
(it (> min-nargs max-nargs
tferror nil "min-nargs ~0 > pax-nargs 0 ?° min-nargs max-nargs))
{+ heager-offset
{ish {if (or rest-arg !> max-nargs 4)) 8
(-~ {nth max-nargs '{1 36 18. 15.))
81 (- max-nargs min-nargs)))

:Not called assembie because ncompir has a globai symbo! by that nams
{defun Im-assemble (halfuord-addr code)
{let ((op (car code)) (arg (cadr codz}))
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tlet {{opcede (car (get op ’instruction-data)))
(format (cadr {(get op ’instruction-datal))
{inst)) .
{and opcode (setq inst
(it (< opcode 1822) (ish opcode 8) (+ 377_9 (- opcode 1888)})))
(selectqg format
(no-nperand) ! .
({unsigned-immediate-operand signed-immediate-operand constant-operand
indirect-operand)
(eetq inst (dpb arg 8D18 inst)))
({signed-pc-relative unsigned-pc-refativel
(setg inst (dpb (convert-branch-length hal fuord-addr arg) 8818 inst)))
(18-pit-immediate~operand
(setq inst {(dpb arg 8818 (+ inst (logand 3_8 arg))}))
{address-operand
(setq inst (+ inst
{ish {or (find-position-in-list (cadr code)
*(arg stack})
(ferror nil "~5 iliegal basa pntr® code})

(logand (if (eq (cadr code) 'stack)
{+ (caddr code) 177)
{caddr code))

17731 1) .
{ni! (ferror nil *~5 undefined instruction” op))
{otheruise (ferror nil “a5 instruction in bad format ~S5* op format)))

{aset {dpb 1 4822 :fixnum data tupe
(dpb (1db 28831 inst) (7f (oddp halfuord-addr) 4381 4281)
{apb inst (if (oudp halfword-addr) 20328 8828)
. (aref xmain-memoryx (// halfword-addr 2}})))
xmain-memoryx (// ha!fuord-addr gl))))

Convert branch fength to hardware format.

The harduare takes the branch offset, rotates it right one bit, and

adds it to the PC. Thus there is a carry from the word offset into

the halfuord offset, rather than the reverse as you might expect.

This function really is @ case where you want to divide by 2 with ASH, not with /7 I}
fun convert-branch-len?th (address length)

ietx ({word-oftcet (+ {ash length -1} {if (and (oddp length) (evenp address}) 1 8}))

(halfuord-oftset {logxor (logand 1 length) (if (minusp word-offset) 1 8))))
(+ (ash uord-offset 1) halfuord-offset}))

Qe ve w0 o0 o

o~ o0 00 w0 o
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{defun Im-disassembie (pc n-insts)
{ioop repeat n-insts
as inst = (if (pc-oddp pc)
(odd-instruction (aref smain-memoryx (pointer-field pc)))
{even-instruction
(aref xmain-memoryx (pointer-field gc))))
88 op = (aref xopcode-tablex (if (= (!db 1118 inst) 377)
(+ (ldb 2811 inst) 1888)
(ldb 1811 inst)))
as fmt = (second (get op 'instruction-datal))
@s imm = (logand (mask 8) inst)
do (format t "~8a0(~0) ~0 ~A "
{pointer-field pc) (if (pc-oddp pc) 1 8)
inst op)
(seiecty fmt
({unsigned-immediate-operand unsigned-pc-ralative) (prinl imm))
({signed-immcdiate-operand signed-pc-relative)

(grlnl (- (iogxor 282 imm)} 288)))
(18-bit-immediate-operand (Rrinl (logand (mask 18.) inst)))
(address-operand {prnnl (nth (ish isa -7) ’{arp stack})}

tyo

#/1)
{prinl lif (< imm 288) imnm
{~ {logand 177 imm} 177))))
{{constant-operand constant-?c-relative indirect-opsrand)
(format t “~A ~0" fmt imn))
{setq pc (pc-plus-numper pc 1))))
defun inc-pc ()
¢ {setq :pcg {if (data-tupe? xpcx dtp-even=pc)
(set-type xpcx dtp-odd-pc)
) .. (set-type {1+ =pcx) dtp-even-pcl)}))
;Support routines for instructions
s These would be open-coded and go in one cycle

(defun pushval (val) )
{setq val (set-cdr val cdr-next)]
(aset val xa-memoryx (address-add 'xstack-pointerx 1))
{setf (top-of-stack) val)
(incf xstack-pointers))

{comment

(defun fopva! 0
{progl (top-of-stack)
(setf (top-of-stack) (aref x3-memoryx

. (address-add 'sstack-pointers -1}))
(decf =xstack-pointers}))

{defun newtop (val)
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(setq va! iset-cdr val cdr-next})
(aset val xa-memoryx (address-add ‘xstack-pointerx 8))
(sett (top-of-stack) vall)

{defun next-on-stack ()
{aref xa-memoryx (address-add 'xstack-pointerx -1)})

3This is like doing two popval’s and then a pushval
(defun pop2push (val)
(setq val (set-cdr val cdr-next))
{aset val xa-memoryx (address-add 'wstack-pointerx -1))
{setf (top-of-stack! val)
(dect xstack-pointers))

{defun pushval-uith-car (val)
(aset val wxa-memoryx (address-add "xstack-pointerz 1))
(setf (top-of-stack} vall
{incf xstack-pointers))

sHelper functions for arithmetic

:These do arithmetic but trap to overflou-bignum-create if the
sresult doesn’t fit in a fixnum.
sIn the simulator this thinks a lot, in the real machine it
ineeds to be built in (conditional branch on ALU 32-bit overflow flag).
{defun plus-check-overfliou (opl op2 stack-adjustment)
(et {({res (+ opl 0?2)))
{or (and (<= -1 31. res) (< res 1_31.))
}{overflcu-nngnum—:reate res stack-adjustment))
res

{defun minus-check-overflou (opl op2 stack-adjustment)
{let ({res (- opl op2)))
(or {and (<= -1 31. res) (< res 1_31.))
{overflou-bignum-create res stack-adjustment))
__res}}
:Some simple instructions
{definstruction ha!t no-operand (xthrow 'halt *halt))

(definstruction push-immed signed-immediate-operand .
(pushval (set-type (instruction-signed-immediate} dtp-fix)))

(definstruction push-loca! address-operand
{pushvai (local-operanc}))

(definstruction pop-loca! address-operand
{eetf (iccal-operand) (popval)})

(definstruction movem-local address-cperand
{setf (iocal-operand} (top-of-stack)})

(definstruction add-immed signed-immediate-operand
for {(data-type? (top-cf-stack) dtp-fix)
(take-arithmetic-trap 'add 'signed-immed))
(newtop (set-type {(plus-check-over?ionw (unbox-fixnum (top-of-stack))
é;nstruction-signed—ilmediate)

dtp-fix)))

f{definstruction add-iocal address-operand
{or (and (data-tupe? {top-of-stack) dtp-fix)
{data-type? (local-operand) dtp-fix))
(take-arithmetic-trap 'add 'local))
{neutop (set-type (plus-check-overflou (unbox-fixnum (top-of~stack))
(?nbox~fixnuu (local-operand))

dtp-fix}))

:This will be format-3 uhen | bother simulating those
{definstruction add-stack no-operand
for (and (data-type? (top-of-stack) dtp-fix}
(data~type? (next-on-stack) dip-fix))
(take-arithmetic-trap 'add ’stack))
(pop2push (set-type (plus-check-overflou (unbox-$ixnum (top-of-stack))
(u?box-fixnum (next-on-stack})

dtp-fix)))

(definstruction push-constant constant-cperand
{pushval (mem-read (- (¢rame-function)
{;?ffruction-unsigned-inmediata)

(definstruction push-spezvar indirect-operand
(pushva! (mem-read (mem-read (- (frame-function)
{instruction-unsigned-immediate)

'no-evepl)))
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sThis is the format-3 version, others wil! exist, too.
(definstruction car-stack no-operand . .
(or (data-type? (top-of-stack) dtp-list dtp-locative)
(take-pre-trap xargtup-trap~handierx))
(reutop (mem-read (top-of-stack))))

(definstruction cdr-stack no-operand . .
{or {(data-type? (top-of-stack) dtp-iist dtp-locative)
(take-pre~-trap targt?p-trap-handierx))
(men-read (top-of-stack) .
{cond ((data-type? (top-of-stack) dtp-locative) sdelayed test for speed
(neutop xmemx))
{(cdr-code? xmemx cdr-normal)
{newtop (mem-read (1+ xvmax))))
({cdr-code? xmemx cdr-next)
(neutop (l+ xvmax))} .
{{cor-code? smems cdr-nil}
(newtop xniix)) . .
(t {ferror ni{ “Uhere did this bogus cdr code coma from?"))}))

{definstruction times-stack no-operand .
{or (and (data-type? (tcp-of-stack) dtp-fix)
(data-type? (next-on-stack) dtp-fix))
(take-arithmetic-trap 'add °*stack))
ibonzpuen (sei-tume (1 (unbox-fi (top-of-stack))
[} ush (set-type imes (unbox-fixnum op-of=-
popep wP (unbox-fixnum {(next-on-stack}))
dtp-fix)))

{definstruction branch-zerop si?ned-pcfretative
{or {data-tupe? (top-of-stack) dtp-fix} .
(take-arithmetic-larg-trap *zerop 'stack)) ;--- or something
(if (zerop {fixnum-field (top-of-stack))) . .
( (s?;? xpcx (pc-add xpcx {instruction-signed-immediate))))
popva L y
(defisstruction branch-n?t-ferg ;{gngq-?c-relatnvc
ta-type? (top-of-stac p-fix) .
tor gggkz-ag?thmetig-lar -trap "zerop 'stack)) j--- or something
(it (not (zerop (fixnum-tield {top-of-stack}})) . N
(setq xpcx (pc-add xpcx {instruction-signed-immediate))

{popval))

(definstruction return-stack no-cperand :?teudo format 3
{common-return-processing {top-of-stack}})

{definstruction popj-no-value no-operand
(o; (data-tgpeg (top-of-stack) dtp-even-pc dtp-odd-pe)
{ferror nil “po } to non-PC"}
(setq xpcx (popvall :

2. sheh, heh
(progn ‘compiie
«stlcop for nargs from B8 to § nconc
{iocp foglva{ue-disposition in "(effect value return multiple-valus)
co!llec
‘({definstruction , {intern (format nil "CALL-~A-<D"
value-disposition nargs))
indirect-operand
(conmon—call-processing svalue-disposition * nargs
(get-el ink—-operand))}j})

{defun get-elink-operand ()
(mem-read (mes-read (- (frame-function)
(;nstruction-unsigned-iluediate)

"ne-evep)))
(declare (special xstack-puffer-overfiou-handlerx))

{defun common-cal l-processing {value-disposition nargs fcn)

;:Various pushes that are really overliapped uith those two memory cycles

{pushval (set-type xframe-pointerx dtp-locativa))

(pushvai-uith-car

(dpt (find-position-in-list value-disposition
'leffect value return multiple-value))
4282 scor field
(set-type (- mstack-pointerx (+ nargs 2)}) dtp-iocative)))

{pushvai xpcx)

{pushval (set-type nargs dtp-fix}) sinitial frame-misc-data

{pushva! fen) ;dt?-ccnpilcd-function

{or (data-type? fcn dtp-compiled-funct on .

{ferror nil “cali of non-function*))

{setq spcx (set-type {pointer-field fcn) dip-odd-pe))

{setq sframe-pointers {1+ xstack-pointerx)}

s;Check for any post-function-entry traps that need to qo off.
iiNote that this happens -before- copying up the arguments so as to
take the stack-tuffer-overfiow trap with a fixed amount of stuff pushed.
(stack-1imit) has to allow for the additiona! pushage of up to 4 arguments.
Hhen there are mcre thanm four to be pushed, additicnal explicit checking
Will occur as needs=d later, )
f (greater-pointer xstack-pcinters (stack-limit}))

(take-post-trap xstack-buffer~overflow-handlierx))
(resuue~common-call-processing nargs}}

s G0 ws @b w.
-



4,887,235
115 116

:Comes back in here after taking a stack-buffer-overflow trap.
iWriting it this way doeen't really express the control structurs
;in the rea! machine. See the microcode in the 'stack’ file.
{defun resume-ccmmen-cali-processing (nargs)
(mem-re3d »pcx)
iilow the entry instruction is in smemx. Perform the fast entry cases.
{let ({argdesc” (nth (icb 1834 =xmemx)
‘(@ .777) 8.8 (8.1 (1.1
8.2) (1.2 (2.2 (8.3 (1.3 (2.3 .3
8 .4) (1 .4) (2.4) (3.64) (4. 4)))))
(if {or (< nargs (car argdesc)) (> nar?s {cdr argdesc)})
{ferror nil "urong number of args™})).
s3Advance the pc to skip over unnecded optional-argument initializations
(and {not (zerop (idb 1284 xmemx)})
(> nargs {car argdesc))
{eetg *pcx (pc-plus-number xpcx (- nargs (car argdesc)})))
33Now copy up the arguments
{ioop for argno from 8 below nargs
dgo (puchval (aref xa-memoryx
(address-zdd *xframe-pointerx
(-~ argno {+ 5 nargs)})))}))

{declare (special xreturn-continuationx xreturn-cleanupx)}

(defun common-return-pracessing {value)
{eetf (temp-1) wvalue) s~~~ unsafes pointer check
(cond ({not (zerop (frame-cleanup—bitss))
(if {data-type? (frame-previous-frame) dtp-nil) ;Really in cleanup fon
(ferror nil “Return out top of SG?"})
(pushval {temp-1))
{cushval xreturn-continuationx) 3PC to return to
(take- jump-trzp *return-cieanupx))) sCleanup then retry
for (data-tupe? (frame-return-nc) dtp-even-pc dtp-od3-pc)
(ferror nil "Return addrecs not a PC"))
{setq #pcx (frame-return-pcl)
{setq xstack-pointerx (pointer-field (frame-previous-top)))
(let ((value-dicposition {nth (cdr-field (frame-previous-top))
) . ‘'leffect value return multiple-value)}))
(setq xfrane-pointerx (pointer-field {frame-previous-frame}))
(selectq value-disposition
(effect (setf (tcp-of-stack) (aref x3-memoryx
. (address-add 'sstack-pointerx £))))
_{value (pushval (temp-1)})} - o .
{return {(common-return-processing {(temp-1))]}
{multiple-value (ferror nil "multipie-vaiues ?"}})}))

;stackiow is the lowest virtual sddress that is or will be valid
:in the stack buffer. Adjust the frame-buffer-underflou-bit of each
sframe in the stack buffer so that the touest frame has a 1 and the
;rest have a 8. . :
{defun adjust-frame-buffer-underflou-bits_ (stacklouw)
{setg stacklou (+ stackiow 5}) ;Frame underhang .
{pushval =xframe-pointerx) :Going to use this to address int men
(setf (temp-2) xframe-pointers)
{ioop until (lesser-pointer xframe-pointerx stacklou)
doing {(setf (temp-2) =xframe-pointerx)
(setf (frame-buffer-undarfiou-bit) B8}
(setq xframe-pointerx (pointer-field (frame-previous-frame)))
finally (setq xframe-pointersx (temp-2)
(setf (frame-buffer-underflow-bit} 1))
{setq xframe-pointerx (pointer-field (popvall)ll)

) :cozment

;Do this before loading any macrocods!
{initialize-main-memory)

:Trapping
(comment

;data-source can be unsigned-immed, signed-immed, local, stack, or mem
:1In the stack cass both operands are on the stack, otherwise the
;first operand is (top-of-stack) and the second is specified by data-sourcs.
+1°m not sure hou this routine is going to work yet,
{defun take—arithmetic—tra? {operatiaon data-sourcel
(break arithmetic-trap t)} % %ok

sAnother trap routine
ires is 1 bit too big to fit in a fixnum
{defun overflow-bignum-create (res stack-adjustment)
(setqg xstack-pointerx (+ xstack-pointerx stack-adjustment))
tpushval (set-type (abs res) dip-fix)) sTruncates to 32 bits
(pushval (set-type (if (minusp res) 1 8) dtp-fix})
(take-post-trap xoverflow-bignum-createx))

{defun take-pre-trap (pc)
{setq spcx (pc-pius-number axpcx -1)) sBack out of failed inastruction
{take-post-trap pc))

{defun take-post-trap (pc)
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(pushval =pcx) :Save continuation address (on stack?)
(take- jump-trap pcl}
{defun take-jump-trap {pc) iHhen continuation not to be saved
{or (numberp ?c) {break take-post-tras t)) sProbably unbound
(setq *pcx pe tJump to trap PC
_(xthrow "pcisr nil)) ;Start first instruction in trap subr

33 Macrocode trap routines start at location 38888

:This gets calied when 3 function is being entered and there is not enough
:space left in the stack buffer, The frame header has been pushed and the
sstarting pc is on the stack, however ths srguments have not yet been
scopied up into the frame.

sWhat we have to do is to check for genuine stack overfiow,

sdump the lowest stack page out into main memory, ad%ust the stack limit
sup by one page, and restart the call 3t the argument-copying paint.

{definstruction check~stack-overfiou no- ?erand §~== dummy ---
(i f (?reater-pointer {stack-limit} (- 37777 181))
(ferror nil "stack cverflor"}))

{definstruction setup-stack-dump no-operand

llet tistackiow (logand (- (stack-limit) 1488) (lognot (1- sp2ge-sizex}}}))
(adjust-frame-buffer-underflou-bits (+ stackiow xpage-sizex}
{pushval (set-type xframe-pointerx dtp-locative}) “;Temporary needed
{(pushval (set-type {+ stacklow xpage-sizex) dt?-locatlve )
{setq xframe-pointerx (pointer-field stack!iow)
M s--- Alsoc unmap the page from the stack buffer —--

{definstruction increase-stack-!imit no-operand
{incf (stack-limit) xpage-sizex))
3=-~- Also remap the page into the stack buffer ---

;This is pcisrable because its state is contained in the top
stwo words on the stack and in xframe-painterx
;:0Only form of pclsr can be 2 page fault on the very first cycle
;and after that we need to worry about stack-gc traps.
(definstruction stack-dump no-operand
{ioop unti! (equal-pointer xframe-pointers (top-of-stack))
doing ;--- really eight words at a time
{rau-mem-urite xframe-pointerx
(aref xa-memoryx
{address-add 'xframe-pointerx 8)))
{incf =frame-pointerx))
s:Now restore state and clieanup stack
{popval)
(setq xframe-pointerx (pointer-field {popvail})})

(definstruction restart-trapped-call nc-operand
(setq xpcx (popval))
{resume-common~cal l-processing (frame-number-of-argsl}))

(defmacrocode xstack-buffer-overflow-handlerx 38088
;--- disabie interrupts ---
{check-stack-over flow) $~=~ this is a dummy ---
(setup-stack-dump)
(stack-dump)
(increase-stack-limit)
t--- en3ble interrupts ---
{restart-trapped-call))

{cefinstruction setup-stack-load no-operand
(pushva! (set-type xfrare-pointerx dtp-ioccative)) : Temporary needsd
:; Compute the new lowest virtual address in the stack buffer.
s: What | am doin? here is probably not reasonable.
{let ({stackiou (logand (- (stack-Timit) 2888) (iognot (l1- spage-sizex}))))
{pushval (set-type (+ stacklou tpa?e—size:) dtg— ocativel)
(setq wframe-pointerx {(pointer-field stackiow)}})

{definstruction finish-stack-|oad no-operand
:1--- Also map the page ints the stack buffer —--
{let ((stacklow (logand (- (stack-limit} 2888) (lognot (l1- spage-sizex))))}
(decf (stack-limil) xpage-sizex) .
(adjust-frame-buffer-underfion-bits stackiow))})

:This is pcisrable because its state ie contained in the top
:tho words on the stack and in xframe-pointerx
:Note that this can pclsr due to trancport
(definstruction stack-locad no-operand
{loop until (equal-pointer xframe-pointerx (top-of-stack))
doing $--- really eight words at a time
(aset (mem~read xframe-pointerx)
x3-memoryx
) (adcress-add *xframe-pointers 8))
(incf xframe-pointerx))
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;:Now restore state and cleanup stack
(popval) . ’
(setq sframe-pointerx (pointer-field (popvai))))

{defmacrocode xreturn-continuationx 38C18
{return-stack)) —
{defmacrocode xreturn-cizanupx 3828
{setup~stack-locad)
(stack-ioad)
(finish-stack-load)
{pop j-no-vaiue))

)} :comment ]
:Test routine for instructions with args on tha stack and
spossibly an immediate operand
(defun try-inst (inst &rest args)
(iet ({original-sp xstack-pointerx) opcode executor)
{im-assemble B (if {(atom inst} (list inst) inst))
{lcop for arg in arge do {(pushval arg))
(setg xinstructions (logand (mask 16.) {(rau-mem-read B)})
(setq opcode (aref xopcode-tablex (instruction-opcogel))
(setq executor (get opcode 'micro-executor)!
{xcatch 'pcisr {(funcali executor)}
{let (;:frameopointer: {1+ originai-spl)})
(pp)
{setg ®stack-pointerx original-spl))

F:>1iach>ucode>ua.11sp.140

333 -x- Mode:Lisp; Package:Micro; Base:8; Lowercass:yes -x-
:vs (c) Copyright 1882, Symbolics, Inc.

+ Microcode definitions for the architecture

ol

{declare {cond {(not {(status feature Imucocde)}
(setq wxcompiling-uaxx t)
(toad ‘udclis))}))

:0efinitions of locations in harduare memories
sMust agree with SIM, which initializes them
(reserve-scratchpad-memory 2488 2418 348 345)

iA-zemcry constants set up from the Lisp memory during booting

; This is now done by »Imach>sysdfl

; {defareg quote-nil nil xniix) ;initialize these in the simulator
: (defareg gquote-t nil xtx)

(defbreg b-guote-nil nil xnilx) :Initialize thess in the simulator
{deforeg b-quote-t nii %nilix) sln the real mzchine, boot microcode sets then
{cefbreg-at-loc stack-limit 344) sUsed by function-entry microcode

i=-= Ihe sinulator knows the numeric addresses of these

3--- or, rather, it knows whers they ueed to be!

i {defareg-at-loc stack-iow 2483) ;The lowest virtual address in the stack buffer

: (defareg-at-loc a-stack-overflow 2424) sstack-limit cannot pecome > this

; {defareg-at-loc stack-buffer-limit 2485 shighest virtual address in stack buffer

(defareg-at-loc a-temp 2488)
{defareg-at-loc a-temp-2 2487)
12413 and up specia! purpose temporaries local to particular routines

(defatomicro a-zero (a-constant 8))

;The top-of-stack tuffer register on the B side
sMust be in location 368 for the simulator
{detbreg-at-loc top-of-stack 368)

:Temporary storage on the B side
(deforeg-at-loc b-temp 361)
(deforeg-at-loc b-temp-2 362)
{defobreg-at-loc b-temp-3 363)

i1f this has type dtp-nu!l, it is empty. Otherwuise it contains the value
sshich shculd be restored on the top of the stack if we pclsr,

iNote that we rely on the apility to write this in paraliel with frame-pcinter
: {uhicnh doesn’t care if we give it 3 data type of dtp-null; it's only 28 bits).
(defareg a-pclsr-top-of-stack (set-type B dtp-nuil))

1B-VMA is (sometimes) a copy of the VMA register, The transporter does
inot depend on this, but if it changes VMA it also stores the new valus
ihere. Tne data tupe is indeterminate. B-VMA exists to make it possible
ito cozbine the YMA with data from the Abus.

(defbreg-at-lcc b-vma 364)

(deforeg array-register-event-count (set-typs 8 dtp-fix))
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+33 Note that location 377 gets clobbered by the harduare

122

s:s Trap support for ths real machine

NOTE WELL: the NPC is not valid during the first microinstruction of a tra?
handler tactually, it alwaye contains the adoress from uhich the trap came).
Thus_this first microinstruction must not use anything that compiles into
an NPC-successor (fcr example, it must not call 3 subroutine).

e we @0 ws

iMicro for the first cycle of a trap handler. .
iFinishes the state save by calling for a PUSHJ, which saves
ithe original CPC (now in KPC) onto the stack. The original NPC
1is already on the stack. )
{defmicro trap-save ()

‘{microinstruction sequencer push-npc))

iMicro for the first cycle of a trap handler, where we aren’t going
i1to retry the trapped instruction.
{de‘micro trap-no-save
{if teq xmachine-versionx 'proto)
‘{microinstruction sequencer pop)))

tflicro for the last tuo cycles of a trap handler,

iTakes arguments of what else to do in those cycles, that
sseeming clearer than throuing 3 paralle! arcund the. sequenca.
iHe restore the NPC and the CPC by twice popping the cocntrol
istack into NFC. [n the second cycle we 2iso use NFC as

332 the scurce for CPC. Thus the push order is NPC, CPC and
sthe pop order is CPC, NPC.

(zefmicrc trap-restcre (cycle-1 cycle-2)

‘(sequential

(parailel

Jcycle-1 . . . .
( (lucToinstructlon sequencsr pop-npc spec npc-magic magic 3 magic-mask 3))
paralle

Jcycle-2

{microinstruction sequencer pop-npc-and-cpe-from-npc

spec npc-magic magic 3 magic~-mask 3))))

sThe same thing broken doun into its two component parts .

sNote that trap-save uwill undo the effect of trap-restore-1, if done

3in the immediately-following cycle

{defmicro trap-restcre-1 () . .
*{microinstruction segquencer pop-npc cpec npc-magic magic 3 magic-mask 3))

(defmicro trap-restore-2 ()
‘{microinstruction sequencer pop-npc-and-cpc-from-npc
spec npc-magic magic 3 magic-mask 3))

33 Macrocode-trap-taking micros

Back out of a failed instruction, save pc on stack, and jump to specified pc
Backing out inciudes clearing the micro stack
If the second argument is restore-stack, the main stack-pointer is reset to
its value at the beginning of the macroinstruction, and a-pcisr-top-of-stack
is respected.
1f the second argument is preserve-stack, stack-pointer remains the same.
defmicro take-pre-trap (escape-function-name preserve-or-restore-stack)
‘(,{if (eq preserve-or-restore-stack 'preserve-stack) ‘sequential ‘paraitel)
(assign pc (pc-plus-number pc (b-constant -1}))
(take-post-trap ,escape-function-nake ,preserve-or-restore-stack)))

~EP €0 as 00 wo wo

;Current instruction completed, now save pc on stack and jump to trap pc
{defmicro take-post-trap (escape-function-name preserve-or-restore-stack)
{selectq preserve-or-restore-stack
{(preserve-stack ‘(sequential (pushval-uith-cdr (set-cdr pc_cdrenormat})
(take- jump-trap ,escaps-function-name preserve-stack)))
{restore-stack *(sequential (call restore-stack-pointer)
{pushvai-uwith-cdr (set-cdr pc cdr-normal))
(take-iunn-tra? escape-function-name preserve-stack}))
(otheruise (retch "~5 should be PRZSERVE-STAEK or RESTORE-STACK®
preserve-or-restore-stack))}))

sPclsr out of current instruction and jump to specified pc
{defmicro take-jump-trap (escape-function-name preserve-cr-restore-stack)
‘{paratle! (assign pc ,lintern (string-append escape-function-name “-ESCAPE-PC*)))
(jump™, (sefectq preserve-cr-restore-stack
(preserve-stack ‘pcilsr)
(restore-stack ‘pcisr-restore-stack)
{otheruwise (retch “~S should be PRESERVE-STACK or RESTORE-STACK"
preserve-or-restore-stackl))}}))

sSave continuation pc and jump to trap pc
(defmicro take-jump-trap-uith-continuation
(escape-function-name continuation-nams preserve-or-restore~gtack)
(selectq preserve-or-restores-stack :
(preserve-stack ‘(sequential (pushval ,continuaticn-nams)
(take-jump-trap ,escape-function-name preserve-stack)))
(restore-stack ‘(sequential (call restore-stack-pointer) B
(pushval ,continuation-name)
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(iake-ium’-tra? escape-function-name preserve-stack)))
(otherwise (retch "~5 should be PRESERVE-STACK or RESTORE-STACK®
preserve-or-restore-stack})))

3 Ue implement several dispatching schemes for binary arithmetic operaticns
i This is because at a later date, we may have to trades off dispatch blocks for
: speed in the floating point case. :
i Arguments are: . . )
i type - type of instruction (no-operand address-operand signed-immediate-operand)
; index - the operation index . L. .
i no-operand-version - the sumbol for the no-operand version of this instruction
: float-version - the symbtol of the floatin% point version of this furction
: it non-existant, a callout will occur
defmicroe check-binary-arithmetic-operands-fast
(type index no-operand-version
8optional float-version fixnum-overflow flonum-fixnum-version)
(let {({ops (selectqg type
(no-operand ' {next-on-stack top-of-stack))
(address-operand ' (address-operand top-of-stack)) . .
(signed-immediate-operand ' (top-of-stack-a macro-signed-immediate} )
(otheruise (retch “~S type instructions not handled tupell)})
‘{check-fixnum-2args ,e ops
. . {selectg type
{no-operand
LU ixnum=fixnum)
i f fixnum-overflow
*{goto , fixnum-overf|ou)
*(signal-error fixnuz-overfliowu)))
( (fixnum-fTonum)
,(if fioat-version
‘(sequential .
i; g$t NPC straightened out
nop
{call-and-return-to convert-first-fixnum-to-fionum ,float-version))
‘(paraliel {assign arith-operation-index ,index)
{jump arith-pinary-cail-cut))) )
({flonum-fixnum}
, {cond (fioat-version
‘{sequential
i: gft NPC straightened ocut
nop
(call-and-return-to convert-fixnum-to-fionum , float-version}))
(flonum~fixnum-version
'(goto s flonum-f ixnum-version))
(t *(paraliel (assign arith-operation-index ,index)
{jump arith-binary-cal {-out))}})
({fixnum-extnum flonum-extnum extnum-extnum)
{paralie! (assign arith-operation-index ,index)
(jum? arith-binary-extnum-cal l-out)))
((flonum-f1lonum
,(if float-version
*{goto ,float-version)
‘{paraliel (assign arith-operation-index ,index)
(jump arith-binarg-calI-out)))s
({extnum-fixnum extnum-flonum)
(parallel (assign arith-operation-index ,index)
{jump arith-binary-call-out))}})
(address-operand
‘t{lotheruise (para!lel (trap-no-save)
(pushva! address-gperand)
{jump ,no~operand-versicn)))))
(signed-immediate-operand
‘(lotherwise (parallel (trap-no-save) .
{pushval macro-signed-immediate)
(jump ,no-operand-version}))})))))

P R R LI T IR I TRy

+ Siouer version, which can be used to save dispatches or because you cant use
i arithmetic trap emable on the same cucle. Doesn’t work unless you have
: defucode’ed at loc and not clear what to do with fioat-version
defmicro check-binary-arithmetic-cperands-slow
{type index no-cperand-version
Sdoptional float-version fixnum-overf|ow)
no-operand-version fixnum-overflou
{iet ({ops (selectg type
(no-operand ’ (next-on-stack top-of-stack))
(address-operand ’ {address-gperand top-of-stack))
{signed-immediate-operand ' (top-of-stack-a nacro-signed-immediate))
{otheruwise (retch “~5 type instructions not handled typeli}))
‘{check-fixnum-2args ,a@ cps
(otheruise (se?uential
. {selectg type
(no-operand nil)
(address~operand ' (pushval addreass-operand))
{signed-inmediate-operand ' (pushval macro-signed-immediate)))
L{if float-version
‘({assign arith-operation-floating-pc ,float-version))
(paraliel
{assign arith-operation-index ,index)
,{if tioat-versicn
'(jump arith-binary-operand-dispatch-uit
' (jump arith-binary-extnum-call-out}))))

o o0 o0

h-float)
ny
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i3 Fast version of unary operation ditspatches .
'3 Qntg for no-operand versions and acdress-versions

i heck-unary-arithmetic-operation-fast . .
(defmicro ?t;pe indeg no-operand-vgrsion &optional float-version fixnum-overflowu)
(let ((source {selectg type
{no-operand ’top-of-stack-a)
(address-operand ’address-operand) .
(otheruise (retch "~S type instructions not hand'ed" type)})))
‘{check~fixnum-larg-a ,source
. ,{selectg tuype
(no-operand .
C(({fixnum=fixnum fixnum-flonum fixnum-extnum)
i f fixnum-overfiow
*{goto , fixnum-over flow)
*{signal-error fixnum-overfiou)))
({ftonum-fixnums flonum-fionum flonum-extnum)
, (i fioat-version .
*(goto ,float-version} . . .
‘{paraliel (assign arith-operation-index ,indax)
{jump arith-unary-call-out})))
{{extnum-fixnum extnum-fionum extnum-extnum)
(paralie! (assign arith-operation-index ,index)
(jump arith-unarg-calI-out))))f
{address-operand
‘{({otheruise (paralle! (trap-no-save)
{pushval address-operand)
(jump ,no-operand-version})}})}}))

133 Accessor micros for the current frame S
The currentl¥ executing function
d r

efatomicro ame-function
{(amen (frame-pointer -1)})

.
.
{

sA fixnum full of various fields
{defatomicro frame-misc-data
{amem (frame-pointer -2)))

sCalier’s return PC
{(defatomicro frame—return-?c
{anen (frame-pointcr -3)))

:Top of previous frame « vaiue to restore to (stack-pointer)
;The cdr code of this word is ths value disposition
{defatomicro frame-previous-top

{amen (frame-pointer «4}))

iBase of previous frame = value to restore to (arg-pcinter)
{defatomicro frame-previous-frame
(amea (frame-pointer -5)))

:Fields in frame-misc-data (these will al! be moved around later)

(defatomic-byte-fieid frame-number-cf-args frame-number-of-args
frame-misc-data)

(defatomic-byte~-field frame-cieanup-bits frame-cleanup-bits
frame-misc-data)l

{defatomic-byte-field frame-buffer-underflou-bit frame-buffer-underflowu-bit
frame-misc-datal

(defatomic-byte-field frame-unsafe-reference-bit frame-unsafe-reference-bit
frame-misc-data)

{defatomic-byte-field frame-catch-bit frame-catch-bit
frame-misc-data)

(defatomic-byte-field frame-bindings-bit frame-bindinga=-bit
frame-miec-data)

(defatomic-byte-field frame-trace-bit frame-trace-bit

: frame-misc-data)

(defatomic-byte-field frame-bottom-bit frame-bottom-bit
frame-misc-data)

{defatomic-byte-fieid first-part-done frame-first-part-dons
frame-misc-data)

(cefatomic-byte-field frame-lexpr-called frame-!expr-called
frame-misc-data)l

(defatomic-byte-field frame-funcalled frame-funcalled
frame-misc-data)

(defatomic-byte-field frame-instance-called frame-instance-called
frame-misc-datal

{defatomic-byte-field frame-argument-format frams-argument-format
frame-misc-datal

(associate-dispatch-cues frame-argument-format zframe-zrgument-formatss)

;Fields in status bits word for current stack group
{defatomic~byte-fieid stack-load-started eg-stack-!ocad-started
Xcurrent-stack-group-status-bits)

; Support micros for instructions
;i These are open-coded and go in one cycle
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;Push argument onto stack
(defmicro pushval (val)
‘{paraliel (assign (amem (stack-psinter 1J) ({(set-cdr ,va! cdr-next))
(assign top-of-stack obus)
{increment-stack-pointer)))

s1Use top of stack as value and pop it
s1This uses up both the abus and the bbus
(defmicro popval ()
‘{paralie! top-of-stack :This is the data source wa return
(assign top-of-stack (amem (stack-pointer -1)))
(decrement-stack-pointer))})

sLike pushval but replaces the top of stack rather than pushing
{(defaicro newtop {val)
‘{paraiiel (assign {amem (stack-pointer 8)) (set-cdr ,val! cdr-next))
{assign top-of-stack obus)))

:The value below top-ocf-stack
{defatomicro next-on-stack
(apen {stack-pointer -1)})

:Top-of-stack on the A side
(defatomicro top-of-stack-a
(ames (stack-pointer 8)})

:This is like doing two popval’s and then a pushval
sl.e. it is how single-cycle two-operand instructions store thair result
(defmicro pop2push (vatl)
‘{parallel (assign (amem (stack-pointer -1)) (set-cdr ,val cdr-next))
{assign top-of-stack cbus)
(decrement-stack-pointer)))

:Like pushval but doesn’t smash the cdr code to cdr-next
{defmicro pushval-with-cdr (vat)
*{paraileil (assign (amem (stack-pointer 1))-,val)
{assign top-of-stack obus)
{increment-stack-pointer}))

{defmicro neuwtop-uith-cdr (va! cdr)
‘{parallel (assign (amem (stack-pointer 8)) (set-cdr ,val ,cdr))
(assign top-of-stack obus)})

:Call subroutine defined in SUBPRIM, returns with data available in memory-data
{defmicro memread (addr
*{paraliet (assign vma ,addr)
{cal |l memread)} :
{declare-memory~-timing active-cyclel}} si.e. data-cycie when we return

;Like memread but checks wurite access
{defmicro memread-write (addr)
‘{parallet! (assign vma ,addr)
{cali memread-urite)
{declare-memory-timing (next data-cyciel}))

F:>Imach>ucode>UDCLS.LISP.22

s -%- Mode:Lisp:; Base:8; Lowercase:yes -x-
; Load this into the compiler when compiling microcode

{princ *#. (format nil "a%;loading UDCLS (~A)}." (namestring (truename infile}))
magfiles)

: Load the necessary support files

(load 'sim)

(tead 'uu)

{load 'check)

{load 'ul)

{or (boundp 'mxcompiling-uaxx) {load ’ual)

{xexpr defmicro-wrong-number-of-args) sprevent undef fen werning

{xlexpr fintarn) slt’s in WU
(xiexpr paral?:e) .
{xlexpr retch teo

: These are all the functions that can get called by UL-generated code
: Prevent compiler warnings for calling them

(xexpr set-pma-from-vma pma-mem-read pma-mem-urite simulate-transpor ter
rot32 mask32 merge3Z pc-readback pc-add rotate-pc-left rotate-pc-right
instruction-signed-immediate instruction-unsigned-immediate
instruction-baseno instructicn-offset instruction-opcode stack-address
encode-arithmetic-trap-condition overflow-p
adcress-add-fp address-add-sp address-add-xb address-add-macrocode
aref-amem aref-bmem asref-bmem-¥ asct-amem aset-bmam aset-bmem-8
setq-pc setq-vma setg-fp setq-<p inc-sp dec-sp inc-pma inc-pc inc-macro
carrgBS carry32 1B-bit-sign-extend)
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{fixnum (rot32 fixnum fixnum) (merge32 fixnum fixnum fixnum) (mask32 fixnum}
{pc-readback) (16-bit-sign-extend fixnum) .
(address-add-fp fixnum) laddress-add-sp fixnum)} (address-add-xb f i xnum)
{address-add-macrocode) (aref-smem fixnum) (aref-bmem fixnum) (aref-bmem-8))

{notype (aset-amem fixnum fixnum) (a2set-bmem fixnum fixnum) (aset-tmem@ fixnua)
(setg-pc fixnum) (setg-vmz fixnum) (setg-fp fixnum) (setq-sp fixnum)
(carryl8 fixnum fixnue fixnum) (carry32 fixnum fixnum fixnum})

{special xframe-pointerx xstack-pointerx xxbasz xpcx xvmax xpmax xinstructionx
x3-memoryx kb-memorux xbyte-rx xbyte-sx xtype-mapx
smul tiply-»x xmul tipiy-ys})
{xlexpr address-acd)
{princ " . .
:anding of UDCLS complete.” megfiles)

(sstatus feature Imucode) o
F:>Imach>ucode>uh.lisp. 126

-x- Mode:Lisp; Package:ﬂicro: Base.8; Lowercase:yes -x-
{c) Copyright 1982, Symbolice, Inc.

; Nicrocode assembler & |inker for the harduare

s33; Definitions

There are tuo structures that represent microcode:
micrel -- the “relocataple” representation that is generated by
the microcode compiler and stored in files.
micabs ~- the “absoiute” representation used in the |inker, which
tinks compifed files to make the final memory image.
mic -- the shared part of thoss tuo structures {not instantiated by itse!f)

o 90 @0 we oo we

(defstruct (mic :named :conc-name)

{code xdefault-microinstructionx) 3183-bit numper {parity added later)

(tag nil) sNIL or symbolic tag for this instruction
{load-time-patches nil) ;Fieids to be fitted in by FEP when loadin
{address-constraints nil) sNumeric focation it must go at, or UNIQUZ, or list of locs
{npc-successor nii) sSuccessor at .+l

{naf-successor nil) sSuccessor addressed via NAF

ferror-table nil) sArgs to signal-error, if any

(defstruct (micre! :named :conc-name {:include mic))
{a-constant nil) ;Amen and Bmes constants to be inserted, if any
(b-constant nil)
(type-map nill}) ;Tupe map (siots are assigned during linking)

{defstruct (micabs :named :conc~name (:include mic))

{predecessors nil} sList of micabs's whose npc-successor is me
(btocks nil) sList of address blocks that contain me
(addresses nil) sList of sddresses actually cstored at
originai-npc-successor sFor intern-micre!

ori?xnal-naf-successor tee .

(aultiplicity 1)) sNumber of micrel's turned into this micabs

tA successor in a micrel is one of the following:
instr - a single successor
(SKIP true-instr false-instr) - a skip pair
{DISPATCH ({cue...} instr)...) - a dispatch block
sAn instr is either a s?mbolic tag or & micrel structure or NIL meaning drop-through
sdrop-through is on'y allowed in SKIP, not in DISPATCH
tAlso the tio instr's in a SKIP w3y be dispatch blocks (not supported at any leve! now!)
iLater the successor fields of a micabs are changed to something elss...

{defmacro pushneu {item [ist)
‘{or (memq ,item ,list) (push ,item ,list)))

iAssociate from the code field to a list of micabs's, in order to mergs those
;Rith identical code, identical successcrs, and compatible other attributes
{defvar xmicroinstruction-hash-tablex (make-array 27881)) :Prime bigger than 8K
{defvar tmicroinstruction-ta?-alistt)

(defvar xa-constant-hash-tablex (make-equal-hash-table))

(defvar xa-constant-listx}

(defvar xa-constant-addresss)

(defconst wxa-constant-starting-addressx 3888) :0r whatever...

(defconet xa-constant-ending-addressx 4282)

(defvar xb-constant-hash-tablex (make-equal-hash-table))

(defvar xb-constant-listx)

(detvar xb-constant-acdressx)
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{defconst xb-constant-starting-addresex 18) . .
{defconst xb-constant-ending-addressx 388) tLeave fast 108 locations for microcode

sThere are also the a-iist x3-memory-vaiuesx, sb-memory-valuesx for initialized variabies

(defconst smicroinstruction-memory-sizex 28888) 18K .
{defvar xmicroinstruction-memoryx (m3ke-array smicroinstruction-memory-sizex))
{defvar xaddrees-block-hash-tablex (make-equal-hash-table))

(defver xaddress-block-listx)

{defvar xunresolved-symbolic-referencesx)

(defvar xundefined-tag-standinx nil)

(defvar xundefined-opcode-standink nil)

{defvar xspeed-histcgrans (make-array 4))

sHarduare parametéro

(detconst xcskip-increments 12288) ;Bit 12 is the skip bit, and Betrue
(defconst xdispatch-incrementx 488) iBits 11-8 are the dispatch bits
(defconst snpc-incrementx 1) :Bits 7-8 are the NPC increment bits

{defconst xnpc-moduiusx 483)

This structure represents a block of instructions (possibly partiaily-full)
which must be sicred together, i.e. With addresses equa!l except in certain bits.
The structure is an array of the instructions, with a leader.
The size of the array is:

2 - a skip pair

28 - a dispatch block

42 - a dispatch block of skip pairs
For now | give up trying to be more general!
A block may have a successor, uwhich is another block that must be stored
in the consecutive address. VYalid successor lirks are:

-> 28 -> 4B 48 ->

because _dispatch slways takes an explicit address, but skipping doesn’t.
Al ->2 link becomes 3 2 -> 2,

€0 0% WS ©e e e WS 90 WS v vo we e

{defstruct (address-block :named :array-leader :conc-nare (:constructor make-address-block-internal))
;0o not regrind above |irme into two--editor bug

kind :Sumbolic address-biock kind

{(successor nill :Block, if any, that wust bs a3t corsecutive address

{predecessor nil) 18Block, if any, in preceding consccutive address

{mic-precacessors nil);Microinstructions that must precede this bleck (skip into it)

(aliases nil) ;Blocks, if any, that this is inside of or equivalent to
sEach element is actualiy a list (blcck offset)

(locations nil) s:Base addrees iist (normally only one element)

bit-mask) iYariable bits
$33: Harduare Microinstruction Definitions

Special form for defining fields in microinstruction word
Defconsts the name to be 8 byte pointer and alsc sets up tables
to drive the transiation from plist format

name - name of the field

n-bits - width

bits-over -~ rightmost bit number

dieplay-p - t if is to appear in disassembled instructions (if-set => only if non-default)

default - default value for field (8 is the default default)

indicator - houw it appears in the plist form

function - function to call uhen appears in plist form

args - args to that function (after mic, value, and ppss)

€e e we 9 @t 20 we we wr 9o wo

(defmacro defu {name n-bits bits-over 8optional display-p default indicator
. . function &rest args)
{iet ({ppss (+ (ish bits-over B) n-bits)))
‘{progn ‘compile
(defconst ,name ,ppss) i
e(if display-p '{{pushex *{, (or indicator name) 1Ppss
o(if (eq display-p *if-set) *{(,default)))
. :nncrolnstruct|on-d|splag-fie|ds:5))

+@{if defauit *{(setf {ldb ,ppss xdefault-microinstructions) ,default)})
,8lif indicator ‘{({pushxx *(,indicator ,function ppss ..arga’
. m xplist-to-mic-tablex)))
,name

(defmacro pushxx {val field)
‘(let ({.val. ,val))
(or (assq {(car .val.) ,field)
{push .val. .fieldf)))

(defconst xdefault-microinstructions B) 1Changed by defu’s belou
(defconst xmicroinstruction-display-fieldss nit):..

;Transiation from plist fislds to wic

;Each entry is (indicator function byte-pointer . args)

;The function is called with mic, field-value, byte-pointer, and the args.

;Some fields are not in this table and are handled as 3 special case, typically
swhen several fields nust be processed together,

;Some fieids are not in this table because they sren’t used at all at this level.

(defconst xplist-to-mic-tablex nil) sChanged by defu’'s below
(defu u-amra 12. 8 t nil amem-read-addr store-amem-read-addr)

(defu u~r-base 2 9 nil 1)

(defu u-r-offset 9 8)

(defu u-amra-sel 2 12. t 3) sDefault Abus source is frame-pointer
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(defu u-xybus-se! 1 14, t) . .
(defu u-stkp-count 1 15. if-set 8 stack-pointer store-stack-pointer)

(defu u-amwa 12. 16, t)

(defu u-amua-byte 18. 16.)

(defu u-lbus-dev-addr 18. 16. nil 1777 ibus-dev-addr store-ibus-dev-addr)

(defu u-w-base 2 25.)

(defu u-w-offset 9 16.)

{defu u-amwa-18 1 26.)

(defu u-amua-11 1 27.)

(defu u-amua-sel 2 28. t 3) ;0efault is not to urite Amem (u-w-basec<l> = 8)

(defu u-seq 2 38. if-set 8) .

(defu u-bmra 8 32. t nil bmem-read-addr store-bmem-addr)

(defu u-bmua 4 48. t 17 bmem-urite-addr store-number)

(defu u-cmem-from-xbus 1 44. t nil wurite-bmem store-choice obus xbus)
(defu u-mem 3 45. if-set 8 mem store-men-fieid)

{defu u-spec 5 48. if-set 20 spec store-choice
load-byte-r load-byte-e load-stkp load-frmp
load-xbas load-contro! ioad-special-maps
clear-stack-adjustment ;load-inst on rev-2 dp
arithmetic-trap-enb trap-if-type-cond .
trap-if-type-cond-or-bbus-not-fixnum multiply-and-type-check
crocks alub-sign-hack crocks-to-ybus multiply
28 addr-from-abus inhibit-page-tags dma .
address-phtc check-urite-access increment-inst i fu-control
arithmetic-trap-with-dispatch halt npc-magic suaken-task
write-task disable-tasking 36 37)

(defu u-magic 4 53. t nil magic store-number)

(defu u-cond-se! S 57, t nil condition store-choice
not-cdr-8 not-cdr-1 not-cdr-2 not-cdr-3
type-condition bbus-not-fixnum alub-B ybus-31
not-?c-condennod-tenp not-gc-this-stack not-gc-other-stack
equal-pointer .
not-equal-fixnum not-equal-typed-pointer
not-greater-pointer not-greater-fixnum-unsigned
alu-31 sequence-break trace-flag-1 trace-flag-2
not-ibus-gev-cond mc-cond 26 27
38 31 not-ctos-came-from-ifu 33
34 35 36 37)

(defu u-cond-func 2 B82. if-set 8)

{defu u-alu & B84, t nil alu store-alu-func)
(defu u-byte-func_2 88. if-set B8) .
(defu u-obus-cdr 3 78. t nil force-obus<3S-34> store-choice

abus bbus bbus<7-B> nil 81 2 3)

tbbus doesn’t work on rav-2 DP

(defu u-obus-htype 3 73, t nil force-obus<33-32> store-choice

abus bbus bbus<S-4> nil B8 1 2 3)
{defu u-obus-itype-se! 1 78. t 1 force-obus<31-28> store-bit 8)

{defu u-cpc-se! 2 77. t}

{defu u-npc-se! 1 73, {f-sat 1)

{defu u-naf 14, B88. t)

{defu u-speed 2 4. t 8 speed store-speed) tdefault is fastest, just to maximize lossage!
(defu u-type-map-se! & S5. if-set 8 typo-map store-type-map}

(defu u-au-func 8 182. if-set B)

;{defu u-spare 1 118, if-set B)

; (defu u-parity 1 111, if-set 8)

:NOTE: No knouledge of byte fieids in the microinstruction after this point!
$::; Back end of compiler

(defvar sopcode-offsetx) sfor 18-bit-immediate-cperand expansion

iGiven a name and a microinstruction plist, return the corresponding micrel
(defun assesble-microinstruction-plist (name code
. &optional address-constraint mopcode-cffsets}
{let ({default-cons-area working-storage-area)) iCalled insida macro expansion
(let {{nicrel (assemble-microinstruction-plistl code (list nama) 8)})
{and address-constraint
(not (symbolp (mic-address-constraints micrel})) sHIL or UNIQUE
(setq address-constraint
{append (if (atom address-constraint)
(ligt address-constraint)
address-constraint)
(if (atom (mic-address-constraints micrel)
(list (mic-address-constraints micre!)
(mic~address-constraints micre!)))))

{setf (mic-address-constraints micrel) address-constraint)
micrel))}

)
)

1Subroutine called recursively on successors. Path and index sre for generated tags.

{defun assemble-microinstruction-plistl (code path in i -
Lo ents ioas micre P p index &opflonal sventua!-successor)

(-icroinstquction
({lat ((micrel (make-micrel tag (cond ({(plusp index) (append path (list index))})
({cdr path) ?ath)
(t (car path)))
error-tabie (get code 'errcr-tabie)))
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{amua-in-use nil} .
(amwa-11-in-use ni{})) . .
33 Store the easy fields first so other things can clobber over individual bits
{loop for (ingicator value) on (cdr code) by 'cddr
do (store-field micrel indicator value t))
(it (get code ‘"unigue) .
(setf {(mic-address-conetraints sicrel} 'unique))
33 Now store the byte-function
(muitiple-value-bind (byte-func magic magic-mask cond amua)
(choose-byte-func-encoding code)
{store-number wicrel byte-func u-byte-func)
(and magic (setf {idb u-na?ic (mic-code micrel)) .
(logior (logand (ldb u-magic {mic-code micrsl})
(lognot magic-mask)}
magicl})
(and cond
- (store-number micref
{if {eq cond *macro)
(i{eh xopcode-offsets 3)
cond
u-cond-se!))
(uhen amua
{setg amua-in-use t)
{stcre-number micrel amua u-amua-bytel}})
3: Store the extended B-memory urite address
(let {{bmua (get code 'bmem-urite-addr)))
(when (and bmua (< bmua 368))
(setq amua-in-uss t)
(store-number micrel bmua u-amwa)))
;Bit 18 is B, so Amem won't get written
s: Other things that use AMWA -
(if (get code ' |bus-dev-addr)
(setq amua-in-use t)) .
{selectq (get code ’'stack- ointer)
{{decrement) (setgq amua-ll-in-use 8))
((increment) (setq amua-l1i-in-use 1)}))
(selectq (get code ‘ybus)
({ybus-crocks-1)} (setq amwa-ll-in-use B8))
({ybus-crocks-2) (setq amua-ll-in-use 1)))
Store the a-memory write address uherever {t telongs
Put it in the a-memory read address if necessary
This code had damned well| better agree with check-spec-and-magic-fields
t ({amua (and (get code 'write-amem) (get code 'amem-urite-addr)})
{amra (get code ’'amex-reags-addr}))
{cond ((null amu3)
33 Not uriting, ~except- if memory mapped into Amen
(if (fieldp code ‘amem-write-addr ° (bus-address))
(store-amem-urjte-addr micre! ’(bus-address))))
{(or (not (memq (get code "abus) ’(nil amem))) tfust uee AMUA

.
.
°
*
.
®
i

—t oo on

(and amra (not (equal amwa amra))) tDitto
{and (not amua-in-use) sMay use AMUA
{or (not (atom amual) tAnd no bit-11 conflict

(not amua-il-in-use)
(= (ish amua -11.) amua-11l-in-use))))
({store-amem—urits-addr micre! amwa))

(store-amem-read-addr micrei amua) sMust use AMRA
(store-number micrel 2 u-amuwa-sel)
{and (listp amwa) sMust crank up the speed

(not (memq (get code ’speed) '(siou-first-half very-siow)})
, {store-speed micrel 'slou-first-half u-speed)})))
: If we're supposed to be writing the Lbus, set the bit to tell
: the temporary memory control to do it
and (get code "write-lbus)
{eq smachine-versionx ’proto)
(store-number micrel 1 u-amua-18))
s Store bus sefect fimids
if (or (fieldp code "xbus 'bbus) (fieldp cods ’ybus ®abus))
{store-number micre! 1 u-xybus-sai}}
t ({abus (get code *abus)}}
selectq abus
({stack-pointer frame-pointer}
{store-number micre! u-amra-se!} )
{store-number micre! (if (eq abus *stack-pointer) B 1) u-r-base))
({rmemory-data)
(store-number micre! 1 u-amra-sal)
{store-number micre! 2 y-r-base)
(store-number micre! 888 u-r-ofiset))
{{memory-data-force Ibus vma map pc)
(store-number micrel 3 u-amra-sel)
{store-number micrel 2 u-r-base)
(store-number micre! (cdr {assq abus '({memorg-daé?—forca . 888}
lbus .
{(vma ., 2B8)
{(map . 388)
(pc . 480))))

Py ]

u-r-offent)}})
(selectq {get code ’bbus)
{macro-unsigned-immediate (store-number micre! 8 u-bmra))
{macro-signed-immediate {(store-number micrel 4 u-bmra)))
(selecta {qet code 'ubus)
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(ypus-crocks-1 (store-number micre! B u-amua-ll))
(gbus-crocks-? {store-number micrel 1 u-amwa-11)}
s Set up cond func
{store-number micrel . .
{cond ((get! code ’(skip-true-seguence skip-false-sequence return-skip}) 1)
((memg "condition-trus (get coda °trzp-enables)}) 2)
{(HET? ‘condition-false (get code 'trap-enables)) 3)
t
u-cond-func)
s Seguencer controls
iet (tcpc-sel B) (npc-sel 1) (seq B) (cpc-not-next nil))
(seiectq (get code 'sequencer)
({popj next-instruction} (setq cpc-se! 1 seq 3 cpc-not-next t))
({pushj pushj-return-dispatch) (setq seq 1 cpc-not-next t))
{pop (set? seq 3))
{pop-npc (setq seq 3 npc-sei 1)} : spec-func assumed
{pop-npc-and-cpc-from-npc (setq seq 5 npc-se! 1 cpc-sel 2 cpc-not-next t})
{push-npc (setq seq 1)}
(dismiss (setq seq 2))
(take-diepatch (set? cgc-sel 2 cpc-not-next t)))
s NPC comes from NEXT CPC+l always, axce?t when dispatching or popping into it
if {get code 'dispatch} {(sotq npc-sel 9) .
3t Now, the good part--the successor instructions .
{letx ((next (successor-instr (or {(get code 'next-sequence) eventual-successor)
path index niil})
{must-be-naf-successor
{or (successor-instr (get code ’trap-sequence) path index ’trap)
{successor-dispatch (get code 'dispatch-table) path index)
(successor-dispatch (get code ‘arith-trap-dispatch-tabie) path index)
fand {or (fieidp code 'sequencer 'pushj)
(iielc? code 'sequencer ’pushj-return-dispatch))
: . (get code ' jump-sequence})))
{skipa {let ((true (get code ’skip-true-sequence))
(talse {get cods ’skip-false-sequence)))
(and (or true false)

}

(list "SKIP
(if tru: (successor-instr true path index ’true next)
nex
{if false {(successor-instr false path index °'false next)
next})) )

(return-skips {ist ({true (get code ’'return-true-sequence)}
{false {get code 'return-false-sequencel}))
{and {or trus faiss)
(tist °*
{(if true .
(successor-instr trus path index ’true next)
next
(it faise
{successor-instr false path index 'faise next)
next)))}))
13 Decide whether to put the skips in the NAF or the NPC
(if skips
{cond (must-be-naf-successor '
{setf (mic-npc-successor micrel) skips)
(eetq cpc-sel 2))
(t (setf (mic-naf-successor micrel) skips))))
(it must-be-naf-successor
(sett (mic-naf-successor micrel) must-ba-naf-successor))
s Store the norma! succescor (drop-throu?h or jump or subroutine return)
+ in NPC if it has to go there, or NAF it free to choose, or nowhers if
: not going to be used because next instruction reached via skip.
: Prefer the NAF over the NPC if neither is used to avoid introducing
{

o +o o0 v vo

unnecessary address constraints.

and (cond (return-skips tReturn address is a pair
(g::f (mic-npc-successor micrel) return-skips)
ni
{{(tieldp code *sequencer ‘pushj) :Need a rsturn adcress aluays
{satf (mic-npc-successor micrel) next)

{skips nit) . sSkip substitutes for next
(cpc-not-next nil) tNo _successor required
{must-be-naf-successor sNAF in use for something else

(setf (mic-npc-successor micrel) next)
{?etq cpc-sel 2)

(t . . sNorma! next address
{?$tf (mic-naf-successor micrel) next)

3s Barf if drop through into nothing

{null next)

{not (fieldp code "spec 'halt)) ssigh....

{not (get code ‘error-table)) :a pushé that naver pcpj's
"o

{ferror nil "Drop into hyperspace at o mic-tag micrail}))
(store-number micrel cpc-sel u-cpc-sel)

(store-number micrel npc-se! u-npc-sei)
(store-number micre! seq u-seq))
. wicrel))
(microsequence
(assembie-microinstruction-plistl
. Alink-microsequence-together (cdr code) eventual-successor) path index))
(otherwiss (ferror nil *Hhers did this alleged microcode come from?")}))



4,887,235
139 140

(defun |ink-microsequence-together (I eventual-successor)
(cond {(and (null {cdr 1)) (nul! eventual-guccessor)) (car [))
((get (car I} ’'next-sequence) . . L.
(it {cdr 1) (ferror nil “Something is wrong, next-sequence inside a sequence”))
{car 1)) s jump instead of drop-through
(t (listx *microinstruction "next-sequence
(if (cdr 1) (link-microsequence-together (cdr |} eventual-successor)
eventual-successor) .
{edar 1))))) :Can’t use putprop-~it's destructive

(defun successor-instr {instr path index term &8optional eventual-successor)
fcond ((atom instr) instr) sNIL or @ tag or a mic
{(null term)
{assemble-microinstruction-piistl instr path (1+ index) eventual-successcr))
{(zerop index) . . .
{assemble-microinstruction-plistl instr (append path (list term)) 8
eventual-successor))
(t {assemble-microinstruction-plistl instr (append path (list index term)) 8
eventual-successor))))

:NOTE: For arith, the Abus can't be 3 because that would cause a tups trap

: however, the Bbus can be 3 since it isn't fully type-checked.

{defconst xdispatch-cue-bit-masksx

(loop for (type cues) in "((arith (81234567 1811 12 13))
(abus<2-8> (8123456 7))
{cdr-code (B 1 2 3)))
collect (cons type (loop for ¢ in cues
summing {(ish 1 c}))))

{defun successor-dispatch (table path index)
{and table
{let ({valid-cues (or {cdr (assq (car table) =dispatch-cue-bit-masksx)) 177777))
{cues-seen (dispatch-table-cues-used (cdr table))))
{cons 'dispatch
{loop for clause in (cdr tabie) .
collect (list (convert-dispatch-cues (car clause) va!id-cues cuss-seen)
;$??§§saor-instr fcadr clause} path index (car clause))

{defun dispatch-tabie-cues-used (clauses)
{loop for clause in clauses with res = @8
uniess (eq [car clause) 'otherwise)
do (loop for cue in (car clauss)
do (setg res (logior (ish 1 cue) res)))
finally (return res)))

{defun convert-dispatch-cues (cues valid-cues cues-used)
{if (eq cues 'otharuise
{loop for i from 8 to 17
uniess (bit-test (ish 1 i) cues-used)
when (bit-test (lsh 1 i) valid-cues)
coflect i)
(loop for cue in cues
unless (bit-test (ish 1 cue) valid-cues)
N do (ferror nil "~S invalid dispatch cue" cue))
cues

:0isplay a microinstruction (a3 mic code)
(defun disassemble-microinstruction (inst)
(loop for (name ppss defauit) in xmicroinstruction-display-fieldss
as val « (idb ppas inst)
unless {and default (= val default))
do _(format t "~& «~A = ~0" name val)))

.(defun store-fisld (mic indicator value &optional no-error &aux entry)
(cond ((setq entry (assq indicator xplist-to-mic-tabiex))
(lexpr-funcall (cadr entry) mic value (cddr entryl))
({not no-error)
{ferror nil *l don't know how to stors the ~S fieid" indicator}}))

:Storing routines for particular fialds/valuss

(defun store-number (mic value ppss)
(setf {idb ppss (mic-code mic)) valus))

{defun store-choice (mic value ??ss &rest choices?
{setf (Idb ppss (mic-code mic
{find-position-in-list value choices}))

(defun store-bit (mic ignore ppss bit)
(setf {idb ppss (wmic-code mic}) bit))

(defun store-alu-func (mic value ppss)
{store-number mic (or (find-position-in-1ist value normal-afu-functions)

(find-position-in~-list value weird-alu~functions))
ppes))

{de fun store-type-map (micre! map ignore)
{setf (micrel-type-map micrel) map))

{defun store-stack-painter (mic op enabie-ppss)
(setf (idb enable-ppss (mic-code mic)) 1?p
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(store-choice mic op u-amuwa~]ll 'decrement *increment))

(defun store-amem-read-addr (micre! addr 8optiona! ignore)
{cond ((atom addr)
(store-number micre! addr u-amra)
(store-number micrel 8 u-amra-sel})
{{egq (car addr) ‘constant)
{setf (micrel-a-constant micre!l) {(cadr addr))
(store-number micrel 8 u-amra-sel))
{(eq (car addr) 'macrocode)
(store-number micrel 2 u-amra-sel)}
(store-number micre! 3 u-r-base)
(store-number micrel 488 u-r-offset))
{{eg (car addr) ’'bus-address)
(store-number micre! 1 u-amra-sel})
(t (store-number micrel 2 u-amra-sel)
(store-number micre! (find-position-in-list (car addr)
'{stack-pointer frame-pointer xbas))
u-r-pasel
(store-number micrel! {logand {cadr addr} 377) u-r-offsetl})))

:This must not clobber the bits that are don’t cares for this particular address
;and also may bpe used for something else B
{defun store-amem-urite-addr (micrel addr &optional ignore)
{cond {(atom addr)
(store-number micrel addr u-amua)
(store-number micrel 8 u-amua-sei))
({eq (car addr) ’macrocode)
(store-number micrel 1 u-amua-set)
(stcre-number micrel 3 u-w-base)
(store~-number micrel 488 u-n-offset))
({eq (car addr) ’bus-address)
{store-number micre! 3 u-amua-sel)
{(store-number micre! 1 u-amwa-18))
(t (store-number micrel 1 u-amua-sel)
{store-number micre! (find-position-in-list (car addr)
*{stack-pointer frame-pointer xbas))
u-u=-base)
{store-number micre! (logand (cadr addr) 377) u-w-offset)}))

(defun store-bmem-addr (micre! addr ppss)
{cond ((atom addr)
{store-number micre! addr ppss))
{{eq (car addr) ‘consatant)
(setf (micrel-b-constant micre!) (cadr addr)))))

{defun store-Ibus-dev-addr (micre! addr ppss)
{congd ((listp addr)
(push *(sympolic-Ibus-siot , {car addr)) (mic-load-time-patches micre!))
(setq addr {(cadr addr))})
{(store-numbar micrel
(if (numberp addr) addr
(+ {(cdr (assq addr *((urite-memory . 8) sproto only
{urite-phta-and-asn . 1
(write-vma-and-pc , 2) ;tmc only
(write-lru-map . &)
{urite-map-a . 5)
. {urite-map-b . B)
. {urite-both-maps . 7))))
37_5))

ppses))

(defun store-mem-field (micrel mem ppss)

(store-number micrel
(or (find-position-in-iist mem
(ssiectq xmachina-versionx
(proto "(ni! continue write-vma start-cycie))
{{tmc tmecS) "(nil microdavice start-read start-urite
nil write-vma block-read biock-write)l))
(ferror nil "S5 iilegal vaius for mem fieid" mem))
ppssl))

{defun store-speed (micre! speed ppss)
(store-number micrel .
{cdr (assq speed ’'{{siou-first-half . 2)
(siou-second-half . 1}
(sios . 1)
(very-slion . 3)1))
ppss}))

3333 Microinstruction |inker -- outer moduie

(defun flush-microcods (xmachine-versionx) . . . )
{setq sucode-alist-alists (delq (assq smachine~versionx sucode-alist-alists)
y sucode-alist-alists))
t

(defun link-the-microcode (smachine-versions)
(ciear-mic-tanies)
{(format t "~&INTERN-LOADED-MICROCODE... ")
{ioop for (name plist micre!)
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in {or (cor {2ssq xmzchina-versicnx xuccde-zlist-alistx}) .
{ferror nil "~ is not a lozded microcode program; ~{~S~", ~} exist"”

xmachine-versionx .
(or (mapcar ’car sucoce-alist-alistx) '({*none"}}))
do (intern-micrel micrel))
{dolist (phase '(resolve-symbolic-references deteraine-address-constraints
assign-fixed-addresces
determine-block-successors determine-other-successors
assign-floating-addresses resolve-constants plug-in-successors))
(format t "~8~5..." phase)
{funca! | phase))
:Report unimplemented instructions
(icop for opcode from 8 to 1777
as mic = (aref xmicroinstruction-memorys (% opcode 4))
as name = {(aref xopcode-tablex opcods)
when (and name (eqg mic sundefined-opcode-standinx))
coliect name into undef
finally (cond (undef
{format t "~8Defined but unimplemented instructions:~% )
{format:print-list t "~5" undef)}})
;Check for overlappin? scratchpad memory assignments {because it's so kiudgsy)
(setq za-memory-symboisx (sort sa-memory-symbolisx ¥’ (lambda (x y) (< (cdr x) (cdr y)})})
{setq tb-memorg-symbqls: (sort sb-memory-symbolex #° (lambda {x y) (< (edr x} (cdr yl}}})
(icop for (sym . lToc! in xa-memory-sumbolsx and prev = -1 then foc and psyms = nil then sym
when (< xa-constant-starting-addressx loc)
when (< loc xa-constant-addressx)
do (format t “~&8The symbol ~5 overiaps the constants area of A-memory® sye)
when (= loc prev) .
do {(format t “~8Symbo!s ~S and ~5 are both defined at ~OsA" sym psys loc))
{locp for (sym . loc) in xb-memory-sumboisx and prev = -1 then loc and psym = nil then sym
when (S xb-constant-starting-addressx {oc)
when (< loc xb-constant-addressx)
do (format t "~8The symbo! ~S overiaps the constants area of B-memory" syn)
when (= {oc prev)
uniess (and (memg sym sb-temp-symbo!sx} (memg psym xb-tem -agmbolsa))
do (format t “~85ymbois ~5 and ~5 are both defined at ~8¢B sym psym loc))
{setq xneed-to~linkx nil})

(cefun file-linker~report {(pathname)
{with-open-file (standard-output pathname *:direction *:output)
(linker-summary-report)
(funcall standard-output ':tyo #\page)
{linker-detailed-report)))

{defun |inker-summary-report {}
(memory-usage-report)
{loop with n-micats =
(loop for bucket being the array-siements of xmicroinstruction-hash-tablex
sum {(length bucket)) :
for mic being the array-eiements of smicroinstruction-memorys
when (null mic) sum 1 into n-free-ioce .
else uhen {eq mic mundefined-tag-standins) sum 1 into m-undef-tags
eise when {(eq mic xundefined-opcode-standinx) sum 1 into n-undef-ops
else sum (micabs-muitiplicity mic) into n-micrels
and sum 1 into n-micabs-locs
finally
(format t “~0 microinatructions interned into ~0 instructions stored in ~0 locations.
There are ~0 free locations, ~0 undefined-tag halt instructions, and
~0 undefined-opcode halt instructions.~%"
n-micrels n-micabs n-micabs-jocs n-free-{ocs n-undef-tags n-undef-ops))
{loop for loc from ® below smicroinstruction-semory-sizes
when (null (aref xmicroinstruction-memoryx loc))
count (and (zerop ({logand (oc xskip-incrementx))
(nut} laref smicroinstruction-memoryx (+ loc =xskip-incrementx})))
into n-free-skips
and when (zerop (logand (x 17 xdispatch-incrementx) loc))
count (loop repeat 28 fcr loc from loc by xdispatch-incrementx
always (null {(aref saicroinstruction-memorysx locl})
. into_n-free-dispatches
finally (format t “There_are 0 fres skip blocks (out of 4@S6)~e
and ~0 free dispatch blucks {(out of S512).~%"
n-free-ckips n-free-dispatches))
(format t "Number of microinstructions with speed”)
{dotimes (i &)
(fermat t “~VTa0" (+ 48, (x i 8)) 1))
(terpri)
{dotimes (i &)
(format t "~VT~0" (+ 4B. (% i 8)) (aref xspeed-histogramz i)))
{terpril))
(defun linker-detailed-report ()
{format t "~XLocations of microcode routines® first microinstructions:~2%")
{{orlaz t ;~48A ~A~2}“ “Symnol® “L?cati?ns”)
oop for (tag . mic) in lsortcar (copylist xmicroinstruction-tag-alists) #’string-lessp)
do (format t "~4BA " tag) Py : ¢ s P
g:ornagg?rint-lilt t "a5,'80" (micabs-addresses mic) ™ * "a41X")
erpri
(format t ':i~2$harin9 of separate but identical microinstructions in source code:~2%")
{format t "~4BA ~A~ZX" "Representative tag" "Multipiicity from source")
{loop for (tag . mult)
in {sort (loop for bucket being the array-clements
of #microinstruction-hash-tablex
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nconc {(loop for mic in bucket .
when (> (micabs-multiplicity mic) 1)
collect (cons {(mic-tag mic)
{(micabs-multiplicity mic})})
# (lambda (x y)
for (> (cdr x} {ecdr y))
(and (= (cdr x) {cdr y))
{aiphalessp (car x) (car g)I1)))
do (format t “~40A ~D~%" tag muit))
(format t "~|~XMicroinstructions that had to be stored in more than one cmem location:~2%")
{format t "~4BA ~A~2%* "Representative tag" "Multiplicity in control memory®)
(ioop for (ta?,. nuit)
in {sort (loop for bucket being the arrsy-eiements
of smicroinstruction-hash-tabiex
nconc (loop for mic in bucket :
when {cddr {(micabs-addresses mic))
collect {cons (mic-tag mic)
(length (micabs-addresses mic)}}))
% (lambda (x y)
(or (> (cdr x) fcdr y})
{and (= (cdr x) {cdr y))}
(alphalessp (car x) {(car y))}}))
do (format t "~40A ~Da%" tag muit}}
{format t “~|~%XControl-memory map:~2i~1BA~3CA~1BA~ASNZY" .
*Location" “fiepresentative tag” “Location" "Representative tag®)
(lcop for mic baing the array-elements of xmicroinstruction-memoryx
using (index loc) with phase e nil
uniess (null mic) . .
uniess (eq mic xundefined-opcode-standink) do
{format t “~5,°80 ~A" loc (mic-tag mic))
{if phase (terpri)
(ietx ((curcol (+ 7 {(flatc (-ic-tag mic))))
(destco! (max (+ curco! 1) 45.))
(ntabs (// (-~ (logior destcol 7) curcol) 8)))
(loop repeat ntabs
do (funcal!l standard-output ’:tyo #\tab))
{loop repeat (\ {(if (zerop ntabs) (- destco! curcol) destcol) 8)
do (funcal! stazndard-output ':tyo #\spl)))
(setg phase (not phase))
finally (if phase (terprilll})

{defun menmory-uszge-report {)
(send standard-output ':fresh-line)
{if {boundp 'xa-constant-addressx) :Linker has been run
(format t "A-memory locations ~0-~0 used for constants (~0 end of constants area)~%"
xa-constant-starting-addressx {l- xa-constant-addressxs}
(1- za-constant-ending-zddressx}})
{format t "A-memory locations”)
(report-a—b-mewcr¥-Iocations xa-mencry-symbo | sx)
{(format t " used for variables~%")
{(if (boundp 'xb-constant-addressx) sLinker has been run
(format t "B-memory locatijons ~O-~0 used for constants (~0 end of constants area)~%"
xb-constant-starting-addressx (l- sb-constant-addressx)
(1- xp-constant-ending-adoressx)}}
(format t "B-memory locations")
(report-a-b-memory-locations mb-memcry-symbolsx)
(format t " used for variables~%")
(format t "Type-map locations B-+0 ueed (77 end of type map)~%"
1- (length xtype-mapsx})})

{defun report-a-b-memory~-locations (i)}
(setq | {sort (mapcar #'car 1} #'<))
{ioop whiie |
as loc = (pop |)
as oldl = loc
for n upfrom 1
do (cond ({(= n 6}
(setq n B)
(send standard-cutput ':tyo #\cr)
{send standard-output ':tyo #\tabl))
(format t * ~0" loc)
(loop while |
whiie (or (= (car 1) loc) (= (car 1) {1+ loc}))
do {setqg loc (pop 1)}}
(or (= ioc oldl)
(format t “-0" locl}))}

s333 Microinstruction tinker -- intern, assign constants

{defun clear-mic-tables ()
(copy-array-portion smicroinstruction-hash-tabliex B 8 tFill with NIL
mmicroinstruction-hash-tablex 8
. {array-iength xmicroinstruction-hash-tablex))
{copy-array-portion smicroinstruction-memoryx 8 B sFill with NIL

smicroinstruction-memoryx 8 (array-leng i i ion-
(cirhash-equal ®a-constant-hash-tables) v u-lensth xaicroinstruction-memoryx))

{setg xa-constant-adaressx xa-constant-starting-addressx)
{cirhash-equal xb-constant-hash-tablex)

(setg wb-constant-addresss sb-constant-starting-addresss)
(dotimes (i 4)

(aset B =xspeed-histogramx i)) -
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{clrnash-equal xaddress-bicck-hash-tablex)

{setq ®xaddress-biock-listx nil) .

{setqg t-icroinstruction-ta?-aliet: nil)) .
;-~- Hould also clear type kap assignments, but would break simulator

;Given a micre! return 3 micabs, the canonical representative of all micrals to
ibe stored in the same location as it. This also does constant assignment.
{defun intern-micrel (micrel)
{let {{code (mic-code micrel)))
{if (micrel-a-constant micrel)}
(setf (idb u-amra code) (iocate-a-constant (micrel-a-constant micre!})))
{if {micrel-b-constant micrel)
(setf (ldb u-bmra code) (locate-b-constant (micrel-b-constant micrel})))
{if (micrei-type-map micrei) . .
{setf {ldb u-type-map-sel code) (assign-type-map (micre!-type-map micre!)}})
sdafined in UL
(et ({ans (let ((hash (\ code (arra%-length saicroinstruction-hash-tablex})))
(loop for candidate in laref smicroinstruction-hash-tablex hash)
when (and (= (mic-code candidate} code)
(compatible-tags (mic-tag candidate) (mic-tag micrel))
(equal (mic-load-time-patches candidate)
(mic-load-time-patches micrel))
(compatible-address-constraints .
{mic-address-constraints candidate)
{mic-address-constraints micrei})
{equal-successor (micabs-original-npc-successor candidate)
{(mic-npc-successor micrel))
{equal-successor (micabs-original-naf-successor candidate)
(mic-naf-successor micrel))
(compatib!e-error-table-entries {(mic-error-table candidate)
(mic-error-table micrel)))
do (incf (micabs-mulitiplicity candidats)) and
f.re?Trn (merge-tags-and-address-constraints candidate micrel)
na
(letg((nicabs (make-micabs code code tag (mic-tag micrel)
error-table (mic-error-tabie micrel)
load-time-patches (mic-ioad-time-patches micreal)
address-constraints (mic-address-constraints micrel)
npc-successor
(intern-successor (mic-npc-successor micrei))
original-npc-successor (mic-npc-successor micrel)
naf-successor
(intern-successor {mic-naf-successor micrel))
original-naf-cuccessor (mic-naf-successor nicrei})))
(push micabe (aref smicroinstruction-hash-tablex hash))
(incf (aref xseeed-hiatograut {idb u-speed code}))
(return micabs))))})

(if (symbolp (mic-tag ans}) si.e. not a generated ta?
(§ush {cons {mic-tag ans) ans) xmicroinstruction-tag-alists))
ans))
{defun intern-successor (succ)
{cond {(sumbolp succ) succ) sNIL or a tag
({atom succ) (intern-micrel succ)) $3 micral

({eq (car succ) °skip)
(mapcar #'intern-successor succ))
((eq (car succ) 'dispatch)
(cons *dispatch
(loop for (cues mic) in {cdr succ)
collect (list cues (intern-successor mic))))}
(t (ferror nil “Hey! Who turned out the lights?*))})

All generated tags are compatible with each other, user doesn’t care
defun compatible-tags (tl t2)
(or (eq t1 t2)
{tistp tl)
(histp t2)))

{defun compatible-address-constraints (cl c2)

{cond ((eq ¢l 'unique) nil)
{{eq €2 'unique) nil)
{{null ¢l) t)
({nuli c2) t).
(latom cl) (if (atom c2) (equal cl c2) (member cl ¢2)))
((atom ¢c2) (member ¢2 ¢
({< {length cl) (length c2)) (loop for ¢ in cl aluays (member c c2)))
{t (ioop for ¢ in ¢c2 aiways (memder c cl}))))

{defun merge-tags-and-address-constraints (into from)
(let ({cl (mic-address-constraints into))
{c2 (mic-address-constraints from}))
{eond ((nuil ¢2))
({null cl) (setf (mic-address-constraints into) c2})
(t (iet {{con (if (atom cl} (iist cl) cl)})
(if (atom c2) {ar (member ¢2 cl) (push c2 cl))
{locp for £ in €2
uniess (member ¢ cl}
do (push ¢ cll}}
(setf (mic-address-constraints into)
. {if (nul! (cdr con)} {car con} con})))))
{and (listp (mic-taq into)) .

{



4,887,235
149 150

{or {not Liistp (mic-tag from))) .
(better-tag (mic-tag froem) (mic-tag into)))
(setf (mic~-tag into) {(mic-tag from))
(setf (mic-error-tabie into) .
(merge-error-table-entries (mic-error-tatls into)
) (mic-error-table from)))
into .

{defun better-tag (tagl ta?Z)
(cond ({< (length tagl) Tlength tag2)) ¢)
({> (length tagl} (length tag2)) nil)
{t (< (string-Tength {car tagl)) (string-length {car tag2)))}))

(defun equai-successor (sl s2)
(cond ((atom sl) (eq sl s2))

({atom s2) nil)

({neq (car sl) f(car §2)) nil)

({eg {car sl) "skip)

{and (egual-successor {(cadr sl) (cadr s2)) (equal-successor (caddr s1) (caddr s2))))
{{eg (car sl) 'gispatch) .

(locp for clausel in (cdr sl) and clause2 in (cor a2)

aluays fand [(equal {car clausel) (car clausel))
{equal-successor (cadr clausel) (cadr clause2)))))))

{defun locate-a-constant (value)
(if (nhumberp vaiue)
{setg value (logand (mask 36.) value)))
{cond ((gethash-equal! value z3-constant-hash-tablex))
{t (iet ((res xa-constant-addressx))
(it (= xa-congtant-addressx sa-constant-ending-addressx)
{ferror nil “"A-memory constants area overfiou"))
(incf xa-constant-addressx}
(puf??fh-equat vaiue res xa-constant-hash-tables)
res

(defun locate-b-constant (value)
(if (numberp value)
{setq value (logand (mask 34.) value)))
{cond ({gethash-equal value xb-constant-hash-tablex))
(t (let ({res xb-constant-addressx))
(if (e ®b-constant-addressx xb—constant-endin?-address:)
(ferror nil "B-memory constants area overflow"))
(incf sb-constant-addrecssx)
{puthash-equal value res sxb-constant-hash-tablex)
resl}))
1133 Microinstruction Linker -~ fix up after interning everything

Go through and repiace tags and dro?-through. with mics
defun resolve-symbolic~references (
(setq wundefined-tag-standinx (make-micabs tag 'undefined-tag-standin))
(store-field sundefined-tag-standinx 'spec 'halt)
{setq xunresolved-symbol ic-referencesx nit}
(loop for bucket being the array-efements of smicroinetruction-hash-tabiex do
(loop for mic in bucket do
(setf {mic-npc-successor mic)
(resolve-symbolic-successor mic (mic-npc-successor mic) nil))
(setf (mic-naf-successor mic)
1 (resoive-symbol ic-successor mic (mic-naf-successor mic) {mic-npc-successor mic)))

{cond (xunresolved-suymbolic-referencesx
(format t “~&The following microcode routines were referenced ~
but don't seem defined:")
(dolist (x munresolved-symbolic-referencess)
{format t "~8 S referenced by * (car x})
(format:print-!ist t “~S* {cdr x))
(format t “~8"}))))

{defun resolve-symbolic-successorl (mic succ drop-through)
(cond ((null succ)
{or drop-through .
{cerror t nil nil "drop-through ?uccessor to ~S, but nothing there!"

3
{

) {mic-tag mic))
{t (resoive-symbolic-successor mic succ drop-through))))

(defun resolve-symbolic-successor (mic succ drop-through)
{cond ((nuli succ) nil}
({symbolp succ)
{or (cdr {assg suce smicroinstruction-tag-alistx))
(let ({elem {assq succ xunresolved-symboiic-referencesx))})
{or elem {(push (setq elem (ncons succ)) zunresoclved-symbo! ic-referencesx))
(push (mic-tag mic) (cdr elem}}
xundefined-tag-standinx}}]
((atom succ) suce) sA micabs
(ieq {car succ) 'ekip)}
‘{skip , (resoive-symbolic-successor]l mic (cadr suce) drop-through)
, (resolve-symbolic-successorl mic (caddr suce) drop-throughl}))
({eq (car succ) ’dispatch)
‘{dispatch ’
. ,liocp for (cues mic2) in (cdr suce)
colfect *(,cues , (resolve-symbo!ic-successorl mic mic2 nil)}}))))
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s33s Nicroinstruction linker -- determine address constraints
{defun make-address-block (kind 8aux length mask block)
(selectg kind
{skip (setg length 2 mask xskip-incrementx}} .
{dispatch ?setq length 28 mask {(x 17 xdispatch-incrementx})) L
(dispatch-skip (setq lenath 48 masx {(+ (x 17 xdispatch-increments) xgkip-incrementx)))
{otherwise {ferror nil "Huh?*))) . )
(setq block (make-adoress-block-internal kind kind :make-array (:length length)))
(setf (address-plock-bit-mask block) xask)
{push block xaddress-block-|istx)
block)

(defun intern-address-block (kind alist)
(aet7 alist (sortcar alist #°'<}) sCanonical ordering
(or ?ethash—equal alist xaddress-block-hash-tabiex)
(Tet ({(block {(make-address-block kind)))
(puthash-e?ual alist block xaddress-block-hash-tablex)
{ioop fer (pos . mic) in alist
do (store-into-block mic block pos))
block) )}

{defun store-into-block (mic block pos)
{aset mic block pos) .
(pushneu biock (micabs-blocks mic}))

;Convert the successors that are blocks from the list-structura form used
i1in micrels to the address-block defstruct. Also create predecessor back-!inks.
(defun determine-address-constraints () . .
“(loop for bucket being tne array-elements of smicroinstruction-hash-tables do
(loop for mic in bucket do .
(setf (mic~npc-successor mic) (convert-successor {(mic-npc-successor mic) mic))
(setf (mic-naf-successor mic) (convert-successor (mic-naf-successor mic) niil)))))

{defun convert-successor (succ predecessor)
{cond ((ctom succ) sNIL, a tag, or a micabs
(and succ predecessor
)(pushneu predecessor (micabs-predecessors succ)))
suce
{{eq (car succ) °*skip)
(et ({block (intern-address-block ’skip
(tist (cons 8 (cadr succ))
fcons 1 (caddr succl))})))
(}f p;$decessor {pushneu predecessor (address-block-mic-predecessors block)))
block
({eq (car succ) 'dispatch)
(if predecessor (ferror nil "read unhappy maknan"))
(intern-address-block "dispatch
{loop for (cues mic) in (cdr succ) neone
(toop for cue in cues
collect (cons cue mic))})))
(t (ferror nil "Hey! UWho turned ocut the lights?“}}))

sNou that all of the blocks have been made, determine their successor relations.
:This may make new blocks, since unliks mics each block is oniy stored in one placse.

tFiret pass: find all npc {(consecutive address) relations betueen blocks.
: To avoid compiications we aluays make new blocks to act as successors, but
i mark them as aliases of the oid biocks so that later we can only instantiate
;s one copy, if possible.
{defun determine-block-successors ()
i3 This loop repeats until no new address blocks are created
(ioop for aiready~-done = nil then previous-address-block-}ist
as previous-address-biock-1ist = zaddress-block-)ists
until (eq maddress-block-!istx already-dona)
do ;; This loop does each address biock that was not dons before
(loop for ist = saddress-block-listx then (cdr 18t) until (eq !st aiready-done}
as block = (car |{st)
;s Does any mic in this block have an npc succeasor?
a8 nNpc-successors-exist =
{loop for mic heing the array-elsments of block
thereis (and mic f{typep (mic-npc-successor mic) "micabs)))
a3s skip-successors-exist =
(loop for mic being the array-elements of biock
thereis (and mic (typep (mic-npc-successor mic) ’address-block)))
as kind = {address-block-kind block)
uhen (or npc-successors-exist skip-successors-exist) do
(let ((succ (make-address-block
(if (and skip-successors-exist {eq kind 'dispatch))
*dispatch-skip kind))})
(setf (address-block-predecessor succ) block)
(setf (address-bjock-successor block) suce)
{ioop for mic being the array-eiements of block using (indax pos)
With skip-step = (if (eq kind 'skip) 29)
as succl = (and mic (mic-npc-successor mic))
when (typep succl 'micabs)
do (store-into-block succl succ pos)
else wuhen (t?pep cuccl 'address-block)
do {push (Tist succ (\ pos skip-step))
{address-bliock-aliases succl))
(foop for succl being the array-elements of succl
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and pos upfrom (\ pos skig-atep) by ski?-step
do (store-into-block succl succ pos))i})))

tSecond pass -~ find blocks with npc-predecessor mics that are not in blocks
and consequentiy weren't seen in ths first ?aas. Also find blocks with
corponent mics With npc-predecessor mics. n either ca2se we create a new
block and make it the predecessor of ths found block. .ln the first case
this completes the data structure that tells us what size and shape hole
uwe need to find in control memory; in the second case it avoids unnecsssarily
making two copies of a mic. . .
However, if the alternative to making tuo copies of a mic is to create a chain
of S skip blocks in a row, which cannot be located uhen we have 8K control
memory, then we wcuid rather duplicate the mic.
defun determine-other-successors {)
:s This ioop repeats until no new adcress biocks ars created
(ioop for already-done « nil then previcus-address-biock-list
as previous-address-block-list = xaddress-block-!istx
until (eq xaddress-block-listx already-done)
do ;; This ioop does each address block that was not dons before
{loop for Ist = saddress-block-listx then (cdr Ist) until (eq Ist already-dons)
as block = {(car lst)
3s chain-length = (ioop a: ? = biock then (address-block-guccessor b)
whiie b :
while {(eq {(address-block-kind b) *skip)
count t)

et 9B 90 9o 20 @o wo v 9o

88 block-predecessors = .
(loop for mic in {address-block-mic-predecessors block)
when (and (null (micabs-biocks micl)
(symbolp (mic-address-constraints mic))) ;NIL or UNIQUE
unless (mem3 mic res)
coliect mic into res
finally (return res})
8s other-predecessors =
(loop for mic being the array-siements of block
uniess (null mig)
nconc (locop for mic in (micabs-predecessors mic)
when (e?nbolp {mic~address-constraints mic))
when 1< {+ (max-predecessor-chain-length mic)
) chain-length)

uniess (memg mic res)
collect mic)
into res
finally {(return res))

as predb = {(address-block-predecessor biock)

With slot do
--- ['m fairly sure that | don't need to worry about aliases here

Uhat we want tc do is first store al! the block-predecessors then
fill in the available gaps with other-predecessors. Houever the
other-predecessors have stronger address requirements. So we will
first do the bliock-predecessors, which may leave one location left
over for other-predecessocrs. After that, fill in any avaiiable holes
With other-predecessors, or create a nex predecessor bilock.
cop_for mic in block-predecessors do
i3 Find a place to put this predecessor, by force if necessary
{loop doing (multiple-value {predb block)
(make-address-biock-predecessor block predb))
until (loop for pos from 8 beiow (arra?—length predbd)
when (nul! (aref predb posl))
return (setq siot pos))
do (setg predb nil)) :This predb used up, make new cne

store-into-block mic predb siot)) .
1f a predecessor exists, and free slots fortuitousiy exist in the right
places, fill them with the other-predecessors. [f no ?redecessor exists,
3
n

o~ 06 00 00 wa @0 wo
—— 00 08 9t o4 wo oo

(

nd there are other-predecessors, it can't hurt (much!) [sicl] to make one.
ond (other-predecessors
{multiple~-vaiue (preddb block)
(make-address-biock~predecessor bliock predb))

(loop for mic in other-predecessors
as tar?et = {mic-npc-successor mic)
when (Toop for succ bein? the array-elements of block using (index pos)

(

tc

thereis (and (eq succ targst)
nufl (aref predb (setg siot pos)})))
do (store-into-biock mic predb siot}}))}}) +

:Make a block to preceed the given biock, if necessary.
;11 the second argument is non-NIL {(ye already have a predecessor available),
.sthen don’t make 2 new one, except if this block is already located, in which
icase ue make a copy of it and 3 predecessor of the copy. This is necessary
sxhen the bilock’'s predecessor is a mic at a fixed address,
i1f the second argument is NIL, then make a predecessor. If the block already
shas 3 predecessor, make a copy of the block so that a second predecessor can exist.,
:Tuo vaiues: the preceding and succeedin? biocks.
(d?fun m??e-addresa-bIock-predecessor (block predb)
prog
(it (if (nu!ll predb)
(address-block-predecessor block)
{or (address-block-iocations block)
(return predb block)))
{eetq block (copy-address-block block)))
(let ((predb (make-address-block (address-biock-kind block))))
(setf (address~block-successor predb) block)
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{setf (address-block-predecessor block) predb)
(return (vailues predd blockl}})])}

:Copy a block (and its successors) when s?ace preceding the block is overcrouded
{defun copy-address-block (block 8aux new .
(setq new (msre-address-block (address-block-kind block)))
(push (list new B} (address-block-a!iases block)) .
{tocop for mic being the array-elements of block using {index pos)
do (store-into-biock ®mic new pos})
{cond ((address-block-successor biock}
{setg block (copy-address-tlosk (address-block-successor block)))
(setf {address- ?ock—predecessor block) new)
{setf {address-block-successor new) blzckll)
new)

(defun max-predecessor-chain-length (mic)
(iet {lpreds (micabs-predecessors mic))) . -
(if (null preds) 1 ;1This test is unnecessary in the oid loop by coincidence
(1+ (loop for mic in preds .1and superfluous in the new
maximize (max-predecessor-chain-iength micl})}))

:3:; Microinstruction |inker -- address assignment

(gefun assign-fixed-addresses () . .
{setg sundefined-opcode-standinx (make-micabs tag ’xundefined-opcode-standing))
(store-field xundefined-opcode-standink *spec "halt) .
$: Store halts in the dispaich locations for all undefined opcodes
3: and all defined but unimpfementad cpcodes
(loop with ucode-aiist = {cor (assg amachine-versionx xucode-alist-alists))
for i from B8 to 1777 sUpcode dispatch .
uniess {and (= i 376) (eq ®machine-versionx "proto)) jno-operand-subdispatch
uniess (assg (aref xopcode-tablex i) ucode-alist)
do (aset zundefined-opcode-standins amicroinstruction-nenor?: (leh i 2)))
:: Store any microinstructions that have no fresdom of location at al

(loop for bucket being the array-elements of xmicroinstruction-hash-tablex do
(loop for mic in buckst

2s con = (mic-address-constraints mic)
do {cond {{(numberp con) (locate-inst mic con))
({listp con} (dolist {loc con) {locats-inst mic loc))))))

i3 Now go fill in any unused reserved locations with a halt instruction
i: so that no floating instructions wiil float into them
(selectq xmachine-versionx

{proto

(store-default-inst 19888 =xundefined-opcode-standinw) :Transport trap

(toop for i from 18918 to 18815 :Type trap (4 lccs), -a? miss (2 locs)
do (store-default-inst i xundefined-opcode-standink)

{loop for i from 188228 to 18322 s IFU exceptions?

do_(store-default-inst i wundefined-opcode-standins)))
({tec tmcS)

(ioop for mem-state from 8 to 38 by 18 do
{loop for i in '(B1456 7) ao
{store-defau!t-inst (logior 12288 mem-state i) wundefined-opcode-standinx)))
(store-default-inst 14889 xundefined-opcode-standins} s IFU traps
(store-default-inst 16888 xundefined-opcode-standing))
{otheruise (ferror nil “What are the trap addresses for ~S5?" smachine-versionz))))

{defun assign-floating-addresses (82ux (freep 8))
33 Now pack the address tiocks into available fres spaces
(assign-address-blocks)
: Now pack npc-chains of instructions not invalving any blocks
assign-npc-chains)
i Now assign any remaining instructions arbitrari!

oop for bucket being the array-elements of xmicroinstruction-hash-tablex do
(toop for mic in bucket

do (setq freep (assign-floating-mic mic freep))))
(if sunresolved-synbolic-referancesx

(setq freep (3ssign-floating-mic xundefined-tag-standin freep)}))

«
(

{defun assicn-floating-mic (mic freep)
(or (micabs-addresses mic)
(locate-inst mic
{loop unti! (nul! {aref smicroinstruction-memorys freep})
do (inctf freep)
(if (2 freep xmicroinstruction-nemory-sizes)
{ferror nil “Gieep! Microinstruction memory overflou®))

finally (return freepl))
freep)

(defun locate-inst (mic loc &aux tem)
(cond ({nul! (setg tem (aref smicroinstruction-meroryx loc}))
(aset mic xmicroinstruction-memoryx loc)
(?ushvloc {micabs-addresses mic})
s1f this is comebody's predecessor, he is now absolutely constrained.
(let ((succ (mic-npc-succeasor mici))
(cond ({typep succ 'micabe)
(locate-inst succ {(npc-next-loc foc)))
{{typep succ 'address-block)
(locate-address-block succ
(logand {npc-next-ioc loc)
(tognot {address-block-bit-mask suct)})))}))
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({neq tem mic)
(ferror nil 'guo dif;erent microinstructions trying to go in same locaticn;~e
~5 and 5"
(mic-tag mic) {mic-tag tem)))))

;Note that this does not remember the location nor !ink to successors
iUse this only for “fake" mic's
(defun store-default-inst (loc mic)
{or (aret smicroinstruction-memoryx loc)
taset mic xmicroinstruction-memoryx loc)))

(defun npc-next-loc .(loc)
{+ (% (// loc xnpc-moduluss) xnpc-moduiusx)
{\ (+ loc #npc-increments) xnpe-modulusx}))

3l don’t really want to solve the general bin-packing problem, so | guess | will
ijust aseign the jargest blocks first, and assign doun from the top of memory,
iand rope for the best. Doesn't fill holes in big blocks with little blockal
- k ® fairly sure this is going to have to done over in a cleverer Hay
: =ell, it seems to work, domen’t it....
(defun assign-address-blocks ()

i Largest blocks first. But only blocks uithout predecessors, andg not

33 unnecessary duplicate aliases, need be located. .
{loop for block in {sort (loop for block in saddress-block-listx
when {and (nul! (address-block-predecesasor biock))
{null (address-block-aliases plock})
tnul! (address-block-locations block)})
collect block!}
#' (lanbda (bl B2)
(> (address-block-size bl) (address-biock-size b2))})
With disp-freep = (- xmicroinstruction-memory-sizex (x 17 sdispatch-increments))
with skip-freep = (- xmicroinstruction-menory-sizex xskip-increments)
when (eq (2ddress-block-kind block) "exip) .
do (setg skip-freep (find-space-for-blcck block skip-freep))
eise do (setq disp-freep (find-space-for-block block disp-freep))))

(defun address-block-size (biock)
{if (address-block-successor block)
{+ (array-length block) (address-block-size (address-block-successor block)))
{array-iength block})}

{defun find-space-for-block {(block freep)
{do ((b blcck (address-block-successor bl)
(bits 8 (logior (adoress-block-bit-mask b) bits))
(width 8 (max (arrau-length b) width))
(length B {1+ length)})
({null b)
{decf freep iength)
(loop when (minusp freep)
do (error ’'microinstruction-memory-overflow
:meg {(format nil "Cannot locate chain of ~D blocks" tength)
*:chain-head block)
until {(loop repeat length for pos upfrom freep
aluays (loop fcr pos upfrom pos by (logand bits (- bits))
repest width sskip/dispatch bits are adjacent!
aluays (null (aref smicroinstructicn-memoryx pos))})

do (dect freep))
{locate-address-block block freep)
freepl})

sLocate all of the instructions in this address block, based on foc
:Note that an address-block can get located tuice, if it is an npc-succescor
sof two mic's both with fixed address constraints.
(defun locate-address-block (block loc)
{push loc {(address-biock-locations block})
(lcop for mic being the array-elements of biock
as pos upfrom loc by (1f (eq (address-block-kind block) 'skip)
xskip-incrementx xdispatch-incrementx)
uniess {(null mic)
do {locate-inst mic pos))
(if (address-biock-susceasor block)
(locate-address-biock (address-biock-successor block) (npc-next-loc loc)}))

:Find all microinstruction chains that must be in consecutive addresses
sand a~e not already iocated (none of them are in blocks and the head of
ithe chain is not assigned to a fixed adcress). Find piaces in memory
sto stuff them,
{defun assign-npc-chains ()
33 This loop iterates over all unlocated chain hoads, longest chains first
{loop for (iength . mic)
in (sortcar (loop for bucket being the arrau-eiements
of smicroinstruction-hash-tables
nconc {foop for mic in bucket
when (and (null (micabs-addresses mic))
{nuit (micabs-predscassors mic))
(typep (mic-npc-successor mic) 'micabs})
gs) coliect {cons (mic-npc-chain-iength mic) mic}))
>
with freep = @ .
do (locate-inst mic (setq freep (find-space-for-chain freep iength mic)))
{incf freep lengthl))
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(defun mic-nrpc-chain-iength (mic)
{lcop for mic = mic then (mic-npc-suszessor mic) unti! (nuil mig)
count t})

{defun find-epace-for-chain (freep length mic)
(loop with bicck-start = nil
for freep upfrom freep by 1
when (2 freep xmicroinstruction-memory-sizex)
do (error 'microinstruction-memcry-overfiow
‘imocg (format Til ;C?n‘t locate ~D-entry NPC chain of microinstructions”
ength
‘:chain-head mic)g
when (null (aref xmicroinctruction-memorys freen))
do {cond ((nul! block-start) (cetq block-start freep))
({zerop (ionand 377 freep)} (satq black-start freen))
{lm (- (1+ freep) biock-start) length) (return biock-start}))
else do (setq block~start niil)))

tA detuzging functicon

{de¢un print-chain (mic-or-btock) sor nil
{tuiccase mic-or-tlock
_imicabs

(format t “~&MIC: ~A" (mic-tag mic-or-biock)}
{print-chain {(mic-npc-successor mic-or-biock)})}
(address-block
(format t “~&~A-BLOCK[~0}: * .
(address-block-kind mic-or-block) (array-iength mic-or-block))
(format:print-list standard-output "~A" .
(loop for mic being the array-elements of mic-or-block
collect (if mic (mic-tag mic) "-")))
(print-chain {address-block-successor mic-or-block}}l}))

{defflavor microinstruction-memory-overflou (msg chain-head) (error)
sinitable-instance-variables)

(defmethod (microinstruction-memory-overfiou :report) (stream) o
(format stream "Gleep! Microinstruction memory overflou~%~A~%The chain is:~%X" msg)
(let ((standard-output stream)
{prinlength nil))
(print-chain chain-headl))

{compile-flavor-methods microinstruction-memory-over fiouw)
s33s Microinstruction linker -~ plug in successor addresses

(defun plug~in-successors () . )
{loop for loc from 8 belouw tuicroinstruction-lanor?-snze* With succ
as mic = (aref zmicroinstruction-menmoryx loc
unleses {null mic) .
do (if (setq succ {mic-naf-suzcessor wmic))
(store-numter mic (get-mic-or-block-address succ) u-naf))
{(if (setq succ (mic-npc-successor mic))
{cond ({typep succ "micabs)
{or (eq (aref xmicroinstruction-memoryx (npc-next-foc loc)) suce)
(ferror nil "~5"s npc-successor isn't there!" (mic-tag micl))))
((typep succ 'address-biock) )
(or (address-block-effectively-at
suCC
(logand (npc-next-tfoc loc)
{lognot (address-block-bit-mask succl)})
(ferror nil “~5's npc-successor isn't there!* (mic-tag mic))))))))

{defun get-mic-or-block-address (x)
{cond ({typep x 'micabs) (car (micabs-addresses x))})
({typep x 'address-block)
(or (car (address-block-locations x))
(let ((alias {(caar (address-block-aliases x})))
(+ {get-mic-or-block-address alias)
{x {cadar (address-block-aliases x})}
(logand (address-block-bit-mask alias)
(- (address-biock-bit-mask alias})}})}))))

(defun address-block-effectivaly-at {block loc)
(or (memg loc (addresas-niock-locations block))
{loop for (b offset) in (address-block-aliases block)
thereis (address-block-effectiveiy-at b
(+ {x offset (iogand (address-block-bit-mask b)
loc1111) (- (address-block-bit-mask b))}})
oc

" (defun resolve-constants () _
(setq xa-constant-listx (resolve~constantsl xa-constant-hash-tablex))
{setg xb-constant-iistx (resolve-constantsl xb-constant-hash-tabiex)})

(defun resoive-constantsl (hash-table)
{local-deciare ({ecpeciail constants})
{let ((constants nii})
{maphash-equal ¥'{lambda (val loc)
{push {(cons loc
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{cond ({(numberp vai) val)
(and (listp val) {(eq {car val) 'build-task-state))
(resolve-tack-state (cdr vaill)
{t {(ferror “a5 illega!l constant” val)}))
constants))
hash-tatie)
constants)))

(defun resolve-task-state (opticns)
{let ({cpc nil) (npc nil) (csp 17))
(icop tor {(opt val) on options by 'cddr do
{select? opt

{cpc (setg cpc (resoive-cmem-lccation val}))
{npc {setq npc (resolve-cmem-location vail})
{csp (setg cep vail)
{otherwise (ferror "~5 illega! in BUILD-TASK-STATE® opt))))

(cr cpc (ferror “CPC not specified in ~8" {(cons 'build-task-state options)})

{cr npc (setq npe (apb (1+ cpe) 2813 cpc)))

(dpb csp 3484 (dpb npc 1616 cpelll})

{defun resolve-cmem-tocation (loc 8aux mic)
{cond {{symooip loc)
(it (setg mic (cdr (assq loc wmicroinstruction-tag-alistx)))
{car (micabs-addresses mic})
é{?r:at error-output "a~8UARNING: ~5 net found for build-task-state~X" loc)

{(numberp loc) leoc)
-{{and (listp loc} feq {(car foc) 'npc-successor))
{setq loc (resolve-cmem-focation (cadr iloc))}
(dpb {1+ loc) 8818 ioc))
(t (ferror “a5 iilega! cmem-lccation for build-task-state® loc))))
1333 File interface

{defun new-microcode-version ()
(let ((si:xsystem-being-madex (si:find-system-named "MICROCODE"))
(siz:xsiient-px nil
{si:increment-compiled-version-1)
(si:increment-loaded-version-1)}]

;~-- Someday these might be a MAKE-SYSTEM transformation

(defun compile-the-microcode {(xmachine-versijons}
(urite-the-microcode xmachine-versionx t))

(defun write-the-microcode {(xmachine-versionx
8optional (link-p nil) .
(name {string-append smachine-versionx "-MIC")}
{version (si:get-system-version "MICROCODE")}))
{or (boundp 'lcold:xmost-negative-imnediate-numberx)
{icold:setup-cruciai-variables nii))
{let {(pathname (fs:make-pathname ’:host *SYS® ':directory "L-UCDDE"
‘:name name ‘:version version)))
{uith-open-file (log {funca!l pathname ':neu-type “LCG"} ' (:print))
{iet ((standard-output {make-brozdcast-stream log standard-output}))
(if link-p {link-the-microcode xmachine-versionx))

33 Write out various files

{urite-mic-file (funcall pathname
{urite-sym-file {funcall pathname
(urite-err-file (funcall pathnzme

'inew-type "MIC"] name version)
‘:new-type "SYM") name version)
'inew-type "ERR") name version}})))
{defun urite-mic-file (pathname name version)
{uith-open-file (stream pathname ' {:out :fixnum})
(letx ((length (min (string-length name} 32.))
{(namelf (make-array (// {1+ length) 2} ':type 'art-16b ":displaced-to name)))
(funcall stream ':tyo length)
(funcall stream ':string-out namelB))
(funcall stream ’:tyo version)

s Type map
iet {{ntypes {ish (length xtupe-mapsx) 6)})
(format t “~8Type map - ~0 locations® ntypes)
{funcall stream ':tyo 1)
(funcall stream ':tyo 8)
{funcall stream °':tyc ntypes)
{(funcall stream ":tyo 1)
(loop for i from B pelow ntypes
do {(funca!! stream *:tyo (aref stype-mapx i})})

(

33 A and B memories .
{write-a-b-memcry stream 2 xa-memory-valuesz xa-constant-listx "A")
{urite-a-b-menory stream 3 sb-memory-valuesx xb-constant-iistx "B")

:3 Control menmory
(loop with tength s {array-active-length xmicroinstruction-memoryx)
with total = 8 with patches
for start from 8 pelou lenath
as mic « {(aref xmicroinstruction-memorys start)
do (cond ((null mic))
({null (cetq patches (mic-load-time-patches mic)})
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{tet (lcount (loop for address from start belou length
as mic = (3ref xmicroinstruction-memoryx address)
while (not (nul! mic) i
while (nui! (mic-ioad-time-patches mic)}

: sum 1}))

(incf total count)

(funcall stream ':tyo &}

(funcal!l atrean *:tyo start)

(funcal!l stream ':tyo count) .

(funcall stream ":tyo 7)

(loop repeat count .
for address from start
as mic = (2ref xmicroinstruction-remoryx address)
when Enot (nu{; mi? ( 5 )

do {loop wui val = (mic-code mic
P repeat 7 for ppss from 8328 by 2888

do (funcall stream ':tyo (icb ppss vai)}))
( (incf start (1- countl)))
; Write cmem iocation that needs to be patched:
i 184 <adcress> <n-patches> 7 rau-crmem-data patches...
H 1 S-D?tf?-of-name -- stores siot number of card into U AMUA<S:5>
1

ncf tota
funcall stream ':tyo 184)
(funcall stream ":tyo start)
{funcall stream *:tyo {(length patches))
(funcal| s.ream *:tgo 7) )
(loop with val = (nic-code mic)
repeat 7 for ppss from 8323 by 28328
do {funcali stream ':tyo (lcb ppss val)))
(leen tor (type arg) in patches do
(seiecty type
(symbolic-lbus~siot
{funcall stream ’:tyo 1) .
{let ((name (string-append (string arg) * "))
(funcall stream ":tyo (dpb (aref name 1) 1818 (aref name 8
(funcall stream ":tyo (dpb (aref name 3) 1818 (aref name z
)

t
(
(

(funcali stream ":tyc (dpb (aref name 5) 1813 (aref name
{otheruise (ferror "5 unknoun load-time patch type" type)))
finally (format t “~8C mem - ~D locations® total))

{(funca!l stream ':tyo B))) sMark EOF

})
1)
1))
))

(defun urite-sym-file {pathname names version}
(with-open-file {atream pathname '{:cut})
(pk?-bind "MICRO"
(et ((base 8))

(format strean "t33 -%-flode:Lisp;Base:8-x-~L (VERSION &S ~0.)~%" name version)
(funcall stream “

tstring-out
{;A-HEHORY
(dolist (elem sa-memory-symbolsx)
(funcall stream ":tyo #\sp)
(prinl eiem stream)
(funcall stream °:tyo #\cr))
(funcall stream ':string-out ")

")
(funcal! stream ’:string-out "
{;B-HENDRY
{dolist (elem xb-memory-symbolsx)
(funcall stream ':tyo #\sp)
(prinl elen stream)
(funcall stream ":tyo #\cr))
° (funcall streas *:string-out ")
{funcal! stream *:string-out "
{;C-HENORY

{dolist {(elem smicroinstruction-tag-alistx)
{funcall stream ':tuc #\sp)
(prinl (cons (car elem) (micabs-addresses (cdr eslem))) stream)
(funcal! stream ':tyo #\cr))

{loop for mic being the array-
using (index address)
when (not (null mic))
do (let ({name (nic-ta? micl})

{cond ({and name {not (assq name smicroinstruction-tag-alistx)))
(funcal! stream ’:tuo ﬂ\s?)
{prinl (list name address) stream)

(funcall stream ':tyo #\cr}))))
{funcal! stream ":string-out *)

elements of xmicroinstruction-memcryx

"N

(defun urite-err-file (pathname name version)
(with-open-file (stream pathname ' (:out))
(pk?-bind "MICRD"
{fet ((base 8))
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(format stream "s3; -t-ﬁode:Lisp:Bﬁse:8-3-~2(VEESIDN ~S ~D.)a~%X" name version)

{funcall stream ':string-out
{}ERROR-TABLE

(loop for mic being the array-elements of saicroinstruction-memoryx
using (index address) . - .
when ' mic do (iet {{err (mic-error-table mic)))
{cond (err
{funcall stream ':tyo #\sp}
{prinl (cons address err) streanm)
(funcall streas ':tyo #\cr)))))

(funcall stream ':string-out ")}"})}))

{defun write-a-b-memory (stream memory fixed-values constant-iist name)
{iet ((mem-data (append fixed-values constant-iist nil)})
(setqg mem-data (sortcar mem-data "<}
(format t "a~l~A memory - ~0 iocations™ name (length mem-data))
{ioop while mem-data
as start = (caar mem-data)
as count = (jcop for address from start
for (loc . val) in mem-cata
uhile (= loc address)
sum 1)
do (funcsi! stream ":tyo memcr¥)
(funcall stream ':tuo start
{funcail stream ':tyoc count) .
(funcall stream *:tyo 3) 136-bits worth
{ioop repeat count
3s val = (cdar mem-data)
do (ioop repeat 3 for ppas from 8228 by 2808
do (funcall stream ":tyo (ldb ppss vall))
(pop mem-datal})}))

F:>LMach>Ucode>SYSDCL.LISP.64

; -x- Mode:Lisp: Package:User; Base:8; Lowercase:yes -x-
: (c) Copyright 1382, gynboiics. Inc.

: System declaration for L-machine microcods compiler, simuiator, and code
{package-declare micro gioval 4888)

:The microcode sustem consists of the compiler and the microcods. I1°d like

;to be abie to say that ai! transformaiicns on tre microcode depsnd on having
ithe compiler loaded, but there doesn’t appear to be a reasonable way to say that.
; (make-system 'microcompiier} can oz done menually when necessary.

{detsystem micro
(:pathname-default "SYS: L-UCODE;")
; {:package Micro)
(:component-systems microcompiler microcode))

{defsystem microcompiler
(:psthname-defaulit “SYS: L-UCODE:")
tmodule zuwei ("ZUEIY) :package “Zwei”)
mcdule simulator (“*SIM"))
module compilerl (“UU® “CHECK® "UL™))
module compiler2 (“"UH"“))
module simulator2 (“SIMX"™))
mcdule architecture-macros (“UA"™ "UUX"})
medule architecture-defs ("L-SYS; SYSDEF* "L-SYS; SYSDF1®)
spackage “"Micro")
imodule instruction-defs ("L-SYS; OFDEF") :package "Micro")
(:mocule eprinter (“BETTER-SFRINTER®))
(:module make-system (*"MAKSYS"})
(:compile-load make~system)
(:compile-ioad zuwei)
(:compile-lcad simulator)
(:compile-load compilerl (:fasiocad simulator make-system))
(:compile-load compiler2 (:fasload simulator cempilerl make-system))
{:readfile instruction-defs (:fasload simulator cempilerl))
{:readfile architecture-defs ((:fasioad simulator compilerl) (ireadfile instruction-defs)))
(scompile-lcad simulater2
({:faslcad simulator compilerl) (:readfile architecture-defs instruction-defe))
((:fasload simulator compiierl) {:readfile architecture-defs instruction-cefs)))
{:compile-ioad architecture-macros ((:fasiocad simulator compilerl simulator2)
{:readfile architecture-defs instruction-defs))
({:fasload simulator compilerl simulator?2)
. . (sreadfile architecture-defs instruction-defs)))
{:compile-icad sprinter))
sTransformations for microcode . .
sMAKE-SYSTEM isn’t as general as it might be, so we need different transformations
; for each machins,

;Transformations for prototupe machine {no memory control)
(si:define-simple-transformation :proto-micro-iocad
micro:proto-fasiocad-1 si:file-newer-than-instal!led-p {*PROTO-MICREL") NIL
("Load prototyps microcode” “Loading prototyps microcode®
;ﬁ?aded prototype microcode")
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(si:define-simple-transformation :proto-micro-compile -
micro:proto-compile-file-l si:file-newer-than-file-p ("LISP®") ("PROTO-MICREL")
("Compiie prototype microcode” “Compiling prototype microcode®

“compiled prototupe microcode")

-t
(defmacro (:proto-micro-compile-load si:defsystem-macro) (input &optional com-dep load-dep
. com-cond load-cond)
‘(:proto-micro-load (:proto-micro-compile ,input ,com-dep ,com-cond)
, load-dep , ioad-cond))
{cefmacro (:proto-micro-compile-ioad-init si:defsystem-nmacro) (input add-dep
&optional com-dep load-dep
daux function)
(setg function
{iet-closed ((si:xadditional-dependent-moduiesx
(si:parse-module-components add-dep si:xsystem-being-defineds)})
*sitcompile-load-init-conditionl)
‘{:proto-micro-lcad {:proto-micro-compile ,input ,com-dep ,function) « load-dep})

;Transformations for #2 machine (temporary memory control)
(si:define-simple-transformation :tmc-micro-load
micro:tmc-fasiocad-1 si:file-neusr-than-installed-p ("TMC-MICREL®) NIL
é;t?ad THMC microcoge” “Loading TMC microcode” “loaded THC microcede®)

(si:define-simple-transformation : tmc-micro-compile
micro: tmc-compiie-file=l si:fiIe-neuer-than-file-e ("LISP*) (*TMC-MICREL®")
("Compile THC microcode” *Compiling TMC microcode* “compiled THC microcode")

t
(defmacro (:tmc-micro-compile-lcad si:defsystem-macro) (input &optional com-dep |oad-dep
com-cond load-cond)
‘{:tmc-micro-focad (:tmc-micro-compile
, load-dep .Ioad-condf
{defmacro (:tmc-micro-compile-load-init si:defsystem-macro) {input add-dep
i doptional com-dep load-dep
&aux function)

;nput . coa-dep , com-cond)

{setq function
{let-closed ({asi:xadditional-dependent-moduless
{si:parse-moduie-components add-dep si:msystem-being-defineds)))
*sitcompile-lpoad-init-condition))
‘{: tac-micro-load (:tmc-micro-compile ,input ,com-dep ,function) , load-dep))

:Transformations for rev-S temporary menmory control
(si:oefine-simple~-transformation :tmcS-micro-load
micro:tmci-fasioad-1 si:file-neuer-than-instalied-p (*TMCS-MICREL") NIL
é;t?ad THCS microcode” “Loading TMCS microcode® *“loaded THCS microcode®)

{sizdefine-simple-transformation :tmcS-micro-compile
micro:tmcS-compile-file-1 si:file-newer-than-file-p ("LISP"} ("TMCS-MICREL*)
("Compile THCS micrccode” "Compiiing TMCS microcode” "compiied THCS microcods®)

t
{defmacro (:tmcS-micro-compiie-load si:defsystem-macro} (input Soptional com-dep load-dep
com-cond |oad-cond)
*{:tmcS-micro-load (:tmcS-micro-compile ,input . coa-dep ,com-cond)
, load-dep , load-cond}} i
{defmacro (:tmcS-micro~compile~load-init sizdefsystem-macro) (input add-dep
doptional com-dep Ioad-dep
&aux function)
{(setq function
(let-closed (({si:%additicnal-dependent-modulesx
. {si:parse-module-components add-dep 8i:xsystem-being-definedx)))
'sitcempile-load-init-congiticn))
*€:tmcS-micro-ioad (:tmcS-micro-compile , input .com-dep , function) , load-dep))

;Transformations for production machine (memory contrc! with IFU)
{si:define~simple-transtormation :ifu-micro-load
micro:ifu-faslicad-1 si:file-neuer-than-installed-p (*IFU-MICREL") NIL
é;t?ad IFU microcode” *Loading IFU microcode® "loaded IFU microcods™)

(si:defing-simple-transformation tifu-micro-compile
microsifu-compile-file-l ei:fiIe-neuer—than-file—e {("LISP*) ("IFU-MICREL"™)
("Compile IFU microcode® "Compiling IFU microcods” “compiled IFU microcods”)

t
{defmacro (:ifu-micro-compile-ioad si:defsystem-macro) (input &optional com-dep load-dep
. . . ) com-cond load-cond)
{:ifu-micro-load {zifu-micro-compile ,input ,com-dep ,com-cond)
] .+ load-cep , load-cond))
(defmacro (:ifu-micro-compile-load-init si:defsystem-macro) (input add-dep
doptional com;dep load-dep

. &aux function
{setg function

{let-ciosed {{si:xadditional-dependent-moduless
{si:parse-module-components add-dep si:wxsystem-being-defineds))}
o fai:compile-!oad-init-condition))
(:ifu-micro-load (:itfu-micro-compiie »input ,com-cep , function) , load-dep))

iTransformations for simulator
(sx:defnng-scup!e-:raTsformation tsim-micro-{oad

micro:sim-fasioad-1 si:file-neuer-than-instalied- ("SIM-QFASL") N
(.Load simuiated microcode* "Loading simulated migrocode" I
N]ﬂ?aded sinulated micracode™)



4,887,235
169 ‘ 170

(si:define-simple-transformation :sim-micro-compile
micro:sim-compile-file~] si:file-nener-than-file-p (*CISP*) ("SIM-QFASL*®)
("Compiie simulates microcode” “Compiiing simusiated microcode”
“compiled simulated microcoae")

t
{defmacro (:sim-micro-compile-load si:defsystem-macro) (input &optional com-dep |oad-dep
. com-cond |oad-cond)
‘(:sim-micro-load (:sim-micro-compile ,input ,com-dep ,com-cond)
. . load-dep , load-condf)
{defmacro {(:sim-micro-compile-load-init si:defsystem-macro) (input add-dep
&optiona! com-dep load-dep
daux function)
{setqg function
{iet-closed ((si:xadditional~dependent-moduless
(si:parse-module-components add-dep si:xsystem-being-defineds)))
"sizcompile-load-init-condition)})
‘{isim-micro-load (:sim-micro-compile ,input ,com-dep , function) , load-dep))

(d?fsgste- -icrgco?z “SYS: L-UCODE: *)
:pathname-defau : H :
(:gatchaolo) sFor the sake of XMICROCODE-VERSION
{:not-in-disk-label) . .
{:component-systems tmc-microcode}) sLoad just this version now

(comment ;this doesn’t work any more, soms of the macros have been diked out

{(defsystem proto-microcode .
(:pathname-default "SYS: L-UCODE;") L . .
{:moduie call-defs (“FUNCALL" iMlacro definitions for function calling

"FUNCALL2" "CATCH")) sdefareg’s used in FUNCALL3
module call (“FUNCALL1" tExpand” the function-call macros
"FUNCALL3™)) jRandom function-call routines

module arithmetic-defs “ARITH-ESCAPE") sDefinitions needed to compile arithmetic

module arithmetic "ARITH")

module nultipky-divige)('HULTIPLY' “DIVISION®))

®

n

m

IRETED

odule array ("ARRAY")

oduie contro!l (“CONTROL"))

oduie other-microccde ("BASIC" "BRANCH" "PREDICATE" "SUBPRIM" *SYM® "BIND*
*STACK-BUFFER® "SG" 'FLAVOB' "1FU*
“AMEM-MAP* *PROTO-TRAP* *BIiTBLT*))

smodule fioating-point (“FLOAT"))

(:moduie microcode (cali-defs cal!l array other-microcods fioating-point))

(
(
(
{
(
{
{

H

(:proto-micro-compiie-load cali-defs) )
(:proto-micro-compile-load-init cali cali-defs (:proto-micro-icad call-defs)
. (:proto-micro-load cali-dsfsl})

{:proto-micro-compile-{oad aritheetic-defs)
(:proto-micro-compile-icad multiply-divide {:proto-micro-lcad arithmetic-defs))
(:proto-micro-compile-tcad arithmetic (:proto-micro-lcad arithmetic-dafs multiply-divide))
(:proto-micro-compiie-ioad array (:proto-micro-lcad arithmetic-defs sultiply-divide))
(:proto-micro-compi le-load control) .
(:proto-micro-compi le-load other-microcode (:proto-micro-load control))
(:proto-micro-conapile-lcad floating-point .

(:proto-micro-load arithmetic-dets multiply-divide)))

) ;comment

(defsystem tmc-microcode
{:pathname-default “SYS: L-UCOCE;"™)

(:module call-defs ("FUNCALL" iMacro definitions for function calling
"FUNCALL2" *"CATCH")}) sdefareg’s used in FUNCALL3
(smodule call ("FUNCALL1" sExpand the function-call macros
“FUNCALL3")) sRandom function-call routines
module arithmetic-defs “ARITH-ESCAPE®) ;Definitions needed to compile arithmetic

:tmodule arithmetic "ARITH")

:module multipiy-divide (*MULTIPLY® *DIVISION®))

:module array (YARRAY"))

tmodule control ("CONTROL"))

smodule other-microcode ("BASIC" "BRANCH" "PREDICATE™ "SUBPRIM® *SymM* "BIND®
*STACK-BUFFER* ®SG* *FLAYOR" "MAP* “TRAP" *BITBLT"))

module disk “DISK")

module net "NET)

module floating-point ("FLOAT™))

module microcode (cali-defs call array other-microcods floating-point))

Rt

:tec-micro-compile-load cali-defs)

ttmc-micro-compi le-load-init cail cail-defs (:tmc-micro-load call-defs)
(:tmc-micro-load call-defs))

stmc-micro-compile-ioad arithmetic-defs)

ttmc-micro-compile-load multipiy-divide (:tmc-micro-load arithmetic-defs))

stmc-micro~-compile-icad arithmetic (:tmc-micro-iocad arithmetic-defs multiply-divide))

:tmc-micro-compile-load array (:tmc-micro-load arithmstic-defs multipiy-divide))

ttmc-micro-compile-ioad control)

ttmec-micro-compile-load other-microcode (:tmc-micro-load control))

ttmc-micro-compi fe-load disk)

stmc-micro-compile-load net (:tmc-micro-ioad disk))

:tmc-micro-compile~icad floating-point (:tmc-micro-ioad arithmetic-defs multiply-divide)))

S o~ S s~ g~ o~ o~ g gt g~ o~ g~ g~

{defsystem tmcS-microcode
(:pathname-default "SYS: L-UCODE;*)

(:module cali-defs ("FUNCALL*" sMacro definitions for function calling
"FUNCALL2™ “CATCH")) jdefareg’s used in FUNCALL3
(:module call ("FUNCALLI® tExpand the function-call macros

"FUNCALL3")) . tRandom function-cal! routines
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imodule arithmetic-defs “ARITH-ESCAPE") sDefinitions needed to compile arithmetic

tmodule arithmetic “AR]TH")

imodule muitiply-divide ("MULTIPLY" "DIVISION®))

:mcdu:e array | ?Rgém;%éL "

:mcdule control (" -

tmodule other-microcode (“BASIC® "BRAMCH" "PREDICATE" "SUBPRIM® *SyM* *BIND*
“STACK-BUFFER" *"SG* “FLAVOR® "MAP" *"TRAP“ “BITBLT*))

:module disk "D1SK*)

tmodule net "NET*)

module floating-point ("FLOAT")) .
module microcode (call-defs cal! array other-microcods floating-point))

tmcS-micro-compile-load ca!l-defs) ]
tmeS-micro-compile-load-init call cait-defs (:tmcS-micro-load call-defs)
(:tmeS-micro-load call-defs))

(
{
(
(
{
(
(
(
(
{
(
(

tftmf§'micr°'ccmpiIe—load arithmetic-defs)
*tmI>-micro-compile~ioad muitiply-divide (:tmcS-micro-load arithmetic~-defs))

(: tmcS-micro-compile-load arithmetic (:tmcS-micro-ioad arithmetic-defs rultiply-divide))
{: tacS-micro-compile-locad array (:tmcS-micro-load arithmetic-defs multiply-dividge))
(: tmcS-micro-cormpile~ipad control} .
{:tmcS-micro-compile-ioad other-microcode (:tacS-micro-load control))
{: tmcS-micro-compile~ioad disk) .
(: tacS-micro-compile-icad net {simcS-micro~foad disk))
(: tacS-micro-compiie-load floating-point . o
{: tmcS-micro-icad arithmetic-defs multipiy-divide)))

{defsystem ifu-microcode
{:pathname-default "SYS: L-UCODE:")

(:moduie calli-defs ("FUNCALL" sMacro dafinitions for function calling
"FUNCALL2" “CATCH")) sdsfareg’s used in FUNCALL3
{:mooule call (“"FUNCALL1" :Expand the function-call macros
"FUNCALL3™)) iRandom function-cal! routines .
(:module arithmetic-defs "AR]TH-ESCAPE") sDefinitions needed to compile arithmetic
{:moduie arithmetic "AR]TH")

smoduie multiply-divide ("MULTIPLY* "DIVISION"))

:module array (*ARRAY*))

:moduie control ("CONTROL"))

imodule other-microcode ("BASIC" "BRANCH* "PREDICATE" "SUBPRIM® *SyM* "BIND*®
"STACK-BUFFER* *SG* *FLAVOR" "MAP* “TRAP" *BITBLT"))

smoduie disk "DISK") .

:module net "NET*)

:module floating-point ("FLOAT"))

:moduie microcode (call-defs call array other-microcode floating-point})

(

{

{

{

{

{

{

{

(:ifu-micro-compile-load call-defs) .

{:ifu-micro~compile-load-init cail calli-defs (sifu-micro-load call-defs)
(zifu-micro-load call-defs))

(:ifu-micro-compifie-(oad arithmetic-defs) . .

{sifu-micro-compile-icad multiply-divide (:ifu-micro-load arithmetic-defs))

(:ifu-micro-compile-load arithmetic (:ifu-micro-load arithmetic-defs rwultiply-divide))

(:ifu-micro-compile-load array (:ifu-micro-load arithmetic-defs rultiply-divide})

(:ifu-micro-compile-ioad controtl)

: ifu-micro-compile-ioad other-microcode (:ifu-micro-load control))

{

(

ifu-micro~compile-ioad disk)
]

fu-micro-compiie-ioad net (:ifu-micro-load disk)) . .
ifu-sicro-compile-load floating-point (:ifu-micro-lcad arithmetic-defs multiply-divide}))

(defsystem sim-microcode
{:pathname-default “SyS: L-UCODE:")

{:moduie call-defs ("FUNCALL" sMacro definitions for function calling
"FUNCALL2" *CATCH"}) sdefareg’s used in FUNCALL3
{:module cal! ("FUNCALLL™ 1Expand the function-cal! macros
"FUNCALL3"1) sRandom function-call! routines
(:module arithmetic-defs “ARITH-ESCAPE®) sDefinitions needed to compile arithmetic
(:moduie arithmetic “ARITH")

:module multiply-divide ("HULTIPLY" "DIVISION®))

:moduie array ("ARRAY"))

module other-microcode ("BASIC" "BRANCH®* °"PREDICATE" "SUBPRIM* "SYM* *BIND*"
"STACK-BUFFER" "SG™ "FLAVOR™ "IFU" *BITBLT*))

:module fioating-point ("FLDAT")})

imoduie arithmetic-instructions “ARITH")

tmodule microcode (call-defs call array other-aicrocode floating-point))

] am apparentiy not permitted by the tastefulness committee to name ay files .SIN

{:module test-cases ("FACT.SIM“ “FAKE-ARRAY*))

sim-micro-compile-load call-defs)
:sim-micro-compile-load-init call call-defs (:sim-micro~load cali-defs)

. (:sim-micro-load call-defs})
sim-micro-compile-load arithmetic-defs)
isim-micro-compile-ioad multiply-divide {ssim-micro-4oad arithmetic-d=fs))
isim-micro-compile-load arithmetic (:sim-micro-load arithmetic-defs rultiply-divide))
isim-micro-compile-load array (:sim-micro-load arithmetic-defs multiply-divide))
:sie-micro~-compile-load other-microcode)
{(:sim-micro-compile-load floating-point (:sim-micro-load arithmetic-defs sultiply~divide))
;{:readfile test-cases ; (:fasioad microcods)
; (:fasload call-defs cal! other-microcods))

. o0 o0

Sy g o g~ -~ O SO e -y o~
» o
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F:>Imach>ucode>ZWEI.LISP.2

33: -%- Mode:LISP; Package:ZVEl; Base:8; Lowercase: T -x-

(login-eval (set-comtab-return-undo xstandard-comtabs
* (¥\Hyper-Super-X com-micro-expand-sexp)})

(defcom com-micro-expand-sexp
. *Microexpand S-expression. With region, microexpand region® ()
{let ((stream (rest-of-intervai-stream (point}}})
(let ((form (read stream 'xeofx}})
{and (eq form '=meofx} (barf))
(micros:better-sprinter (micro:microexpand form}))})
dis-none)

F:>1mach>ucode>uux.11sp.6

: -%- Mode:Lisp: Pa:kage:ﬂicro: Base:8; Lowercase:yes -s-
: (¢} Copyright 13882, Symbolics, Inc.

3+ This file contains stuff that would be in UJ except that it cannot be

; loaded until after the system definition file has been read in

{(defconst sundup | icated-data-typesx
(remg 'dtp-fix (remqg 'dtp-float zdata-typess 15.) 15,}}

;:The type map for normal arithmetic, which has cond for non-fixnua numbers
sand bad-argument trap for non-numters.
(defconst xarithmetic-type-mapx
‘{{{dtp-fix))
((dtp-float dtp-extended-number) cond)
{, {types-other-than ' (dtp-fix dtp~-ficat dtp-extended-number}) trap-8)))

iAritheetic trap dispatches on ABUS<33:32>|BBUS<33:32>
3 in either field c;n't hapgen, if a type check was done
iUnfortunately this isn’t really true, since Bbus typs checking incomplete
(defconst tarxthmetxc-trap-dis?atch-cues-alistt
*{{extnum-extnum . B

{extnum-fixnum . 1)
{extnum-ficnum . 2)
(fixnum-extnua . &)
(fixnum-fixnum . 5)
(fixnum-flionua . B)
(flonum-extnum . 18)
(flonum-fixnum . 11)
{fionum-fionum . 12)))

:Storing into memory
:The type m3p for normal storing, which simply identifies whether or
inot a pointer is being stored. This is what enabies the gc tag hardware.
(defcona; ¥stor ing-type-naps
{{dtp-null dtp-nil dtp-s?mbol dtp-extended-nunber
dtp-external-~valuz-cel{-pointer dtp-locative
dtp-liet dtp-compiled-function dtp-array dtp-closure
dtp-instance dtp-header-p dtp-eaven-pc
dgp;onfy?-foruard dtp-header-forward dtp-odd-pc dtp-monitor-forward)
pointer

iElement B is aluays the no-trap tupé Bap
{if (null stype-mapsx)
(assign-type-map nil))

F:>Imach>ucode>uu.lisp.429

: -m- Mode:Lisp; Package:fticro; Base:8; Louercase:yes -x-
s (c) Copyright 1882, Symbolics, Inc.

sPrimitive forms of microcode: .

{(microinstruction fisld vaiue fisid valus,..}

{(microsequence instruction instruction...) . .
microsequence always contains at least tuwo instructions

{microdata place code) . . .
place is where in the machine the data is (tupically a bus)
code is microcode to put it thers (instruction or sequence)

(microcondition condition sense code) == .
condition is the name of a skip condition in the machine
and code is microcode to put a boolean condition into it
sense is one of the symbois true, faise

0 40 06 98 46 44 we €U va wo 4 s 04

For non-primitive forms of microcods, sees the dafmicros belou.
sParticularly important are:
{sequential code code code...) .
Generates a microsequence. Note that the last piece of code
3y be 8 micrcdata/microcondition and the right thing will happen.
(paralie! code code cods...) . ) L. )
Does aili the operations in paraliel, barfing if that is impossible.
Uhen sequences are done "in parallel®, the result is a sequence;
the first state of a sequence is done in paraile! with what comes
before it in the 'paralisl’ form, and the last state is done in
paraliel with shat comes atter it.

90 ©0 00 90 00 wo 00 ¢4 90
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To do: More primitive aperations

ALU operations need to have word length (28 or 32)
. (actually I don’t think they dol

ASSICN to a byte trashes the cdr code of the uord assigned to.
Ou?ht to preserve it unless it is bbus or set-cdr-code is done.

Can [F inside of a microdata be made to work (turn inside out)??

Can (PARALLEL (IF ...) FCD) move the FOO into each arm cf cond?

Can ASSIGN be table-driven?

Cemi-open subrcutines, where the first instruction is open coded
and it calls off to the rest

176

@8 90 we we 9t 9O G0 08 wo 43 wo s

333 Yariables associated with storing the results
{defvar zucode-alist-alistx nil)

sEach element is (machine-version . alist)

sEach element of that alist is (tag microcode assembled-microcode)
(defvar xtop-level-codes) sFor when the compiler fondies ursines
;1see xmachine-versionx

{defvar zneed-to-linkx nil) ;Set to T when new microcode defined, to NIL by linker
133 Debugging Tools

(defvar zaicroexpand-tracex nil) 1Set this to T for debugging
(defvar xbacktracex nil) .
{defconst non-backtraced-foras ’{parallsl segquential))

(defprop microinstruction (1 2 2) bs-format)

(defprop microsequence (1 1 2) bs-format)

(defprop microdata (2 2 2) bs-format)

{defprop microcondition (3 2 2) bs-format) .

#M (defprop better-sprinter ((dsk Imucode} better-sprinter fas!) autoload}
(dec!are (sexpr better-sprinter)) iWetl, maybe 3 little better

{defvar ppf) sbast input
{defvar ppx) sLast output

{defun ppx (8optionai (form ppf) (smicroexpand-tracex xmicroexpand-tracex))
{better-sprinter (setq ppx (microexpand (setq ppf form})})}

(declare (special defucode-alist)) ;defvar’ed later in the file
(defun ppu {(defucode) .
(better-sprinter (cadr {(assq defucode {(cdr (assq xmachine-versionx sucode-alist-alistx}))}))

o
(defun retch (format-string &rest args)
(declare (special arge)) sFor accessibility from breakpoint
{iet ({(*u nil) (*r nil) (*g nil))
(format msgfiles “~8>>Error: *)
{lexpr~funcail #'format msgfiles format-string args)
(format msgfiles "~& [Microexpand backtrace: w~{~<e% 22 s mAn>a”, A N%"
xbacktracex)
(break retch t}})

#
(defflavor microexpansion-error (format-string format-args backtrace}
{sys:no-action-mixin error)
tinitable-instance-variables)

{defmethod (microexpansion-error :report) (stream)
(lexpr-funcall #'format stream format-string format-args)
(format stream “"~& Microexpand backtrace: o {~<el a2: i ~Aa>a®, &} ~%" packtracel)

é&nnpile-flavor-nethods microexpansion-error)
égefprcp retch t :error-reporter)

(detun retch {format-cstring &rest args) :
(signa! ’'microexpansion-error ':format-strin% format-strin
*:format-args {copy!ist args
. ':backtrace sbacktracex)
ni

{eval-uhen (compile load eval)l
{defun fintern {string &rest args)
(intern (lexpr~funcall #'format nil string argsl))))
s3: Impiementation of micros
{defun microexpand (form)
(let {(xbacktracex xbacktracex))
{loop as new-form « (microexpand-l form)
when (eq new-form form) return fora
do (setq form new-form)))})

(defun microexpand-1 (form &aux tem)
{cond ((atom form)
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(cond {(and (symbo!p form} (setg tem (get form "atomic-micro)))
{push form sbacktracex) :
tem)

(t forml})

((set? tem {(ge! (car foram) °*micro))

(or (memg (car form) non-backtraced-forms)
(push (car form) =xbacktracesx))

(setqg tem (funcall tem form))

(cond (xmicroexpand-tracex
(format t "~& Hicroex?and of:")

{better-sprinter form
(format t “~8 into:*)
. (better-sprinter tem)))

tem)
(t form}))

{defun microexpand-to~paralle! {(form)
(iet ({xbacktracex sbacktracex))
{loop as new-form = (microexpand-l form)
when (eq new-form form) return form
do (setq form new-form)
when {(and (not (3toa form)) (eq (car fora) ‘parallel))
return form}))

(defwacro defmicro (name args &body body)
‘{eval-uhen (compile load eval)
#Q (si:record-source-file-name °',name 'defmicro)
(defun (,name micro} (+foras+)
, (defmicro-nargs-check args) iCheck number of arguments
(letx .éd:;T;cro—args args} sBind argument variables
. J,body

(eval-uhen (compile load eval)
{(defun defuicro-nar?s-check (pattern) sReturn code to check nargs
(toop for p in pattern with optional = ni! with required = t
when (eq p "&optional)
do (setq required nil optionat t)
else when (memg p ' (8rest &body))
return ‘{(and (< (length +form+) , {1+ nreg))
{defmicro-urong-number-of-args +form+))
eise uhen (eq p ‘'8aux)
do (setq required nil optional nil)
else count optional into nopt
and count required into nreg
finally (return ‘(or (lessp .nreq (length +form+) , (+ nreg nopt 2))
(defmicro-urong-number-of-args +form+))})})

(defun defmicro-args (pattern) tReturn arg binding let clauses
ficop for p in pattern with kind « *&required with idx = @
when {(eq p "&optional)
do (setq kind *&optional)
else uhen (eq p ’&aux)
do (setq kind '&aux)
else when (memg p ' {(&rest &body))
do (setq kind "&rest)
else do {incf idx)
and when (atom p)
collect *(,p ,(selectg kind
{{&required doptional) ‘(nth ,idx +form+))
{{(8rest) *(nthedr , idx +forme})
{otherwise nill))
eise coliect *(,{car p}
, (¢electy kind
((8required) ‘(nth ,idx +form+))
({8optional) *(if (nthcdr ,idx +form+)
(nth , idx +form+)
. {cadr pl}))
((&rest) ‘(nthecdr ,idx +form+))
{otheruise (cacr pf)))))

{defun defmicro-urong-number-of-args (x}
, (rz}chh A defmicro was calied uith too many or too few arguments:~¥  aS® x))
seval-uhen

sExpansion is microcode, not Lisp: no backguotes, please.
(defracro defatomicro (mame expansion)
‘leval-uhen (compile load eval)
#Q (si:record~cource-file-name ',nare ‘defatomicro)
{defprcp ,name ,expansion atomic-microl})

iFor internal use from other forms: don't record a source file name
(eval-uhen (compile load eva!)

{defun add-atomicro (name expansion)
- (putprop name expansion 'atomic-micro))}

): evai-uhen (compile load eval)
t3: Primitive micros

(declare (xiexpr paralyze))

(defmicro sequential {&body forms)
(microsequencize (mapcar #'microexpand forms}))
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{defun microsequencize (list)
{cond ({null list) nit)
({nutl {car list)) (car tist))
((memg (caar (last list)) *(microdata microcondition))
{let ((data (car (!ast list})) . .
(xpacktracex (cons '(microsequencize-inside-out) xbacktraces)))
(let ((code (microsequencize (nconc (nbutiast list)
{ncons (car (last data))))}))
(if (eq (car data) 'microdata)
(make-microdata (cadr data) cods)
{mske-microcondition (cadr data) (caddr data) code)))}))
{t (cons "microsegquence
(loop for form in list
when (atoa form}
do {or {(nutl form)
{retch “~S uhere microinstruction expscted®
. form}}
else uhen (eq (car form) ’microinstruction)
coliect form
eise when {eq (car form) 'microsequence)
append (cdr form) .
else do (retch “~5 uhere microinstruction expected”
form}}})}}

(defmicro paraliel (8body forms)
:Start by expanding and flattening, then ler?e together instructions
ithat are supposed to be dore in paraltel. f ue see a sequence, pick
jout ite first and fast instructions and merge thea with the things
ibefore and the things after,
{microseguencize
{ioop with current = {ncons 'microinstruction)
for form in (flatten-parallels forms)
when (atcm form)
do (and form (retch "5 garrage in parallel construction” form))
else when (eg (car forml ’microsequence)
when {(cddr- form}
colfect (merge-instructions current (cadr form)) into res
ard cdo (setq current (copylist (car {(last form))))
and when {cdcdr form)
collect (microsequancize (butlast (cddr form))) into res
else do nil sno middle
else do (cetqg current (merge-instructions current (cadr form)))
else do (setq current {merge-instructions current form))
finaily (return (nconc res (ncons current})}))})

{defun flatten-paralie!s (forms)
{loop for form in forms
do (setq form {microexpand-to-parallel form))
when (and (not (atom form)) (eq (car form) °paralle!))
nconc {flatten-parallels (cdr form))
else collect form))

:Smash one instruction with another, and return the result.
sNote that plist-1 is actually modified, because that's what parallel wants.
iNote that eitner plist can be microdata/microcondition rather than a
imicroinstruction plist. In that case, we want to return a3 microdata
ias our result, Eoth plists being data is illegal, we con’t do
snondeterministic joins, (You should store one someplace first.)
+1 don’t know hou to merge data and conditicns: that could actually be useful,
3By the way, we preserve the order of ocperations in the plists even
3at the cost of scmewhat siouer computation, just to make debugging nicer,
{defun merge-instructions (plist-1 plist-2) -
{cond ((eq {car piist-1} 'microdata)
{cond ((eq {car plist-2) ‘microdata)
(retech “Trying two mer?e tuo pieces of data: S and »S*

. gliet- plist-2 -

plist-1

({eq (car plist-2) *microinstruction)
{merge-instruction-and-data plist-2 plist-1))
(t lretch “aS invalid - merge-instructions* plist-2))))
({eq (car plist~1) 'microcondition?
{cond ((eg (caf plist-2) *microinstruction)
{merge-instruction-and-condition plist-2 plist-1))
{t (retch “sS invalid - merge-instructions” plist-2}}))
{req {car plist-1) "microinstruction)
{retzh “«8 invalid - merge-instructions® plist-1))
{feq {car plist-2) *microdata)
{merca-inetruction-and-data plist-1 plist-2))
(zsq Tear plist-2) 'microcond) tion)
Ferge-instruction-and-cendition plist-1 plist-2))
({?qt(??r l}ct-Z)l'lic;oinstr?gt}on{ ‘
e xbl (get plist-]1 'xbus ybl (gst plist-1 *ybus))
(xb2 (get plist-2 *xvus)) (yb2 (get plist-2 "ybus)))
(if {or (and xp] (eq xbl yb2)) - o' P v
(and xb2 (eq xb2 ¥b1)))
(muiticie-value (plist-1 plist-2)
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{merge-bus-scheduling plist-1 plist-2))))
{nconc plist-1 . . .
(loop for (prcp vai2l on (cor plist-2) by ‘cddr with fen
as vall = (q?{)plsot-l prop)
va

when (not .

collect prop and collect val2 si.e. putprop
else when (equal! vall val2)

do nil

eise wuhen (setq fcn (get prop "merge-fields))
do {putprop plist-1 {funcall fcn vall val2) prop)
sThis kludge is becauss arithmetic-trap-enb has
s two spec codes, one with dinpatch.and‘one Without.
;Takes care of other hair with m3gic bits, too.
eise uhen (and (memq prop ' (spec magic))
. {merge-spec-magic piist-1 plist-2))
do nil j;slready hacked by merge-spec-magic
sise do (retch "Field conflict: ~S has ~5 and ~5"
prop vall vai2}l))
{t (retch "«S invalid - werge-instructions® plist-2))))

iReturn the same data, but do the instruction in paralle! with it
tdefun merge-instruction-and-data (instruction data)
{iet ((sbacktracex (cons ®(merge-instruction-and-data) sbacktraces})) -
{make-microdata (cadr data) (paraiyze (caddr data) instruction})))

tReturn the same condition, but do the instruction in paralle! uwith it
(defun merge-instruction-and-condition (instruction condition)
(et ((xbacktracex (cons '(merge-instruction-and-condition) sbacktracex)})
(make-microcondition {(cadr condition)
(caddr condition)
(paralyze (cacddr condition) instruction))))

sThis is sort of the subr version of parallel, or the map version of merge-instructions.
{defun paraiyze (&rest instructions) .
:1f we see a sequence, pick out its first and last instructions
sand serge them with the things before and the things after.
{microseguencize
(loop with current « (ncons 'microinstruction)
for instr in instructions
when {(atom instr)
do (and instr (retch "~S garbage in paralyze” instr))
else uhen (eq (car instr) °*microsequence)
when {(cddr instr}
collect (rmerge-instructions current (cadr instr)) intoc res
and do (setq current (copylist (car (last instr)}))
and when (cdddr instr)
collect (microsequencize (butlast (cddr instr))) into res
else do nil 3No middie
else do (setq current (merge-instructions current {cadr instr}))
else do (setn current (merge-instructions current instr))
finally (return (nconc res (ncons current}}))))

Qe
(defun merge-epec-magic (g\ist-l plist-2
( 0 3ux specl spec2 magicl magic2 new-spec new-magic)
prog

{setq specl (?et plist-1 ‘spec) spec? (get plist-2 *epec)
ragicl Tget ptist-1 'magic) magic? {(get plist-2 'magic))
i 1f the spec fieids differ, try to find a common value
i 1f the spec fields are the same, still some magic-numcer merging to do
cond {{and (memq specl ‘(arithmetic-trap-enb ari nmetic-trap-uith-dispatch))
. {menq spec2 '(arithmetic-trap-end arithmetic-trap-uith-dispatch)))
(it (null magicl)
., fretch *fliesing magic number field in ~S" piist-1))
(it (nult naaicZ)
{retch “flissing magic number field in ~5" plist-2})
(setg new-spec (if (and (eg specl ‘arithmetic-trap-enb)
{eq spec? ‘arithmetic-trap-enb))
‘arithmetic-trap-enb
. ‘arithmetic-trap-uith-dispateh)
neu-magic (logior magicl magic2))) ]
{{and (mermq cpecl ‘{arithmetic~trap-end arithmetic-trap-with-dispatch))
(memg epec2 *(trap-if-type-cond
trap-if-type-cond-or-bbus-not-fixnum)))
{setqg neu-spec specl
new-magic (iogior {or magicl 8)
» , . {if (eq spec2 ’trap-if-type-cond) 1 3))))
({an2 (remg epec2 (arithmetic-trap-enb arithmetic-trap-with-digpatch))
(meng spec] ' {trap-if-type-cond
trap-if-type-cond-or-bbus-not-fixnuml))
(setq nen-spec spec?
neu-magic (logior (or magic2 8)
(if (eq specl 'trap-if-type-cond) 1 3))))

1
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({and (memg specl *(trzp-if-type-cond .
trap-if-type-cond-or-bbus-not-fixnum))
(memg spec2 ' (trap-if-type-cond )
trap-if-type-cond-or-bbus-not-+ixnum}))
Eputprop ?;ist-l 'trap-if-type-cond-or-bbus-not-fixnun ’spec)
return t
({ang (or (and (eqg sgecl ‘arithmetic-trap-enb) (= magicl 3)})
{eq specl 'trap-if-type-cond-or-bbus-not-fixnum}}
(memg spec2 ' (multiply multiply-and-type-check)})
(setg new-spec 'multigly-and-tgpe-check
new-magic magicd) .
({and (or (and (eq apecZ ‘arithmetic-trap-enb) (= magic2 3))
(eq spec2 ’trap-if-type-cond-or-bbus-not-fixnum})
(memq specl '{muitiply multiply-and-type-check)))
(setq new-spec ’multifl?—and-tgpa-check
new-magic magicl}
({and (memg specl "Imuftiply multiply-and-type-check))
Amemq spec? '{multiply multiplg-and-tgpe-che:k)}l

33 Can ior the fields together except for Xbus read/urite conflict

(if (or (and (bit-test 2 magicl) sMagicl writes from xbus
{not (bit-test 2 na?iCZ)) iflagic2 reads onto xbus
{bit-test & magic2)

{and (bit-test 2 magic2)
{not (bit-test 2 magicl))
{(bit-test & magicl)
fretch "NMultiplier both reading and writing xbus, magic ~0 ~0"
magicl magic2))
{setg new-spec (if }an?tﬁe? specl *multiply) (eq spec2 *muitiply))
multipiy
'mul tiply-and-type-check)
new-magic (lo?ior magicl magic2)))
({and magicl mapic2 {not (and specl spec2 (not (eq epecl spec2))))
(zercp (iogand f{setq specl for (gat plist-1 ‘magic-mask) 17))
(logxor nagxcl {logior magicl magic2))))
(zerop ({ogand (setq espec? (or (get plist-2 'magic-mask) 17))
{logxor (logior magicl magic2) magic2))))
33 Conflict in mogic number field only, and the bits that differ
33 are onl? bits that the magic-mask claims are not cared about.
(putprop plist-1 (iegior magicl magic2) 'magic)
{(if (= (iogior specl spec?) 17}
{remprop piist-] *magic-mask)
{(putprop plist-1 (iogior specl spec2) °magic-mask))
{return t})
{t (return nil)}} s:Cannot resolve spec conflict
53 Now make any alterations calied for
{putprep plist-]l new-spec ’spec)
(putprop plist-1 new-magic 'magic)
{remprop plist-1 'magic-mask)}
{return t}))

smzgic-mask better occur after magic in the microinstructions
(detprcp magic-mask logior merge-fields)

:Take care of some simpie cases of lossage caused by Xbus select and Ybus select
ibeing the same bit., plist-1 is the one that can be modified.
(defun merge-bus-scheduling (Elist-l plist-2)
(ccnd ((and (eg (get plist-2 'ybus) (get plist-1 *xbus})
(fieldp plist-2 ’condition *ybus-31)
(not (cet plist-2 "byte-funcl)
(not (fieldp plist-2 's$ec "multiply))
(memq (get plist-2 *alu) '(ni! xbus))
(memg (get plist-1 "alu) *(ni! xbus)))
it plist-Z isn't doing an*thing with Ybus except testing the sign,
13 and the ALU is availanle, so do the sign test there.
{setq plist-2 {copylist plist-2))
(remprop plist-2 'ybus)
(putprop plist=2 *xbus "afu)
{putprop plist-2 'slu-31 ’'condition))
({and (eq (get plist-1 "ybus) f{get plist-2 ’xbus))
(fieldp piist-1 "conditicn 'ubus-
(not {get plist-1 'byte~func))
(not (fieldp plist-1 's?ec ‘muttipiyl))
(memg (get plist-1 ’alu) '(nil xbus})
{memq (get plist-2 *alu) *(nil xbus}))
ii plist-1 ien't doing anything with Ybus except testing the sign,
ii and the ALU is available, so do the sign test therae,
{remprop plist-1 ’ycus)
{putprop plist-1 *xbus *alu)
(;UtDFGE plist-1 'alu-31 *condition}})

{values piist plist-2))
(ciéfzﬂ(?ﬁeEG merge-fielids) (speedl speed2)
cnz ‘(ca saeecg ,8lon) epeed?) :slow and we don’t core which half
((59 Tneedg slou) epcedl)
(1 v ecd soendl “very-siow) (eq speed2 'very-slow)) 'very-siow)
Ulvery-slica)))

) o smust be both halves sioun

s3: Micro and macro for machine-version conditionalizati

(defmacro machine-version-case (&body clauses) zatten
(expand-macrine-version-cass clauses))
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(defmicro machine-version-case (&8body clauses)
(expand-machine-version-case clauses))

(defun expand-machine-versicn-case {(ciguses)
(loop for clause in clauses do
{or {= (length clause} 2)
(ferror n:l '~?)illegal clause in MACHINE-VERSION-CASE; wust be (<ver> <code>)”*
clause : .
{if (or {eq (car clause) 'otheruise)
(if (atom (car clause))
(eq ®machine-versionx (car clause))
(mem5 xmachine-versionx (car clause))))
(return (cadr clause))})
finatly
‘‘‘‘‘ (ferror nil "No clause in MACHINE-VERSION-CASE for ~S" xmachine-versions}})
3:; Fiow of control micros :
:1f you uant to know what the available tests are, don’t look at these Iists,
s look at the macros beiow. There ars more possibilities than you think.

iThere ars also some |0 and GC related skip conditions which ['m leaving out for now

1Skip (choose one of tuwo next instructions)

(eval-uhen (eval iocad compilel

{(defconst valid-skip-conditions ’( $Add rore as needed...
sComparisons of 28, 32, 34 bit fields (using X-Y-1 ALU function)
equal-pointer not-equal-fixnum not-equal-typed-pointer .
:ﬂnsigned comparisons, 28 and 22 bit fields (using X-Y-1 ALU function)
not-greater-pointer not-greater-fixnum-unsigned
sType filter, cdr-code f)lter

tape—conditicn tbus-not-fixnum not-cdr-8 not-cdr-l not-cdr-2 not-cdr-3
sHeird kliudges

ybus- sFor division .
’{?-31 alub-8 not-Ibus-dev-cond mc-cond not-ctos-came-from-ifu

;One-argument AlLU-status condition
(defmacro defaluconditionl (name skip-cond-name sense alu-func)
{or (memg skip-cond-name valid-skip-conditions)

{ferror nil "~5 not a valid skip condition in ~5" skip-cond-name nane))
{or (memg sense °(true falee))

(ferror nil "~S not a valid skip sense in 5" sense name))
‘{defmicro ,name {opnd)

(make-microcondition °,skip-cond-name *,sense
{(get-to-obus32 , {selectq alu-func
{X ‘opnd)
(X-1 **{1- ,opnd))
{otheruise {(retch "Unrecognized ALU function: ~S -- defaluconditionl”
alu-func})i}i)))

s Tuo-argument ALU-status condition
(defmacro defaiucondition2 (name skip-cond-name sense alu-func reverse-alu-func)
(or (memg skip-cond~-name valid-skip-conditions)
© {ferror ni! "5 not a valid skip condition in ~5" skip-cond-name name))
{or (memq sense ' (true false)) . .
(ferror nil "~5S not a valid skip sense in ~S" sense name))
‘(defmicro ,name {x-opnd y-opnd)
{(multiple~value-dind (operand-code operands-reversed)
(get-to-xbus-and-aiub x-opnd y-opnd)
(make-microcondition °, skip-cond-name
{if operands-reversed °,{cdr (assq sense '((true . false) (faise . true)))) *,sense)
(alu-paraiyze operand-code
(alu-microinstruction
(if operands-reversed ’,reverse-alu-func *,8lu-func)))))))

slommutative tuo-argument AlU-status condition
{defmacro defalucondition-commutative (name skip-cond-name sense alu-func)
(or (memq ekip-cond-name valid-skip-conditions)
(ferror nil “~5 not a valid skip condition in ~5* skip-cond-name name))
{or {memq sense ’{true false))
{ferror nil "~5 not a valid skip sense in ~5" ssnse name))
‘{defmicro ,name {(x-opnd y-opnd)
(make-microcondition ', skip-cond-name °,sense
(alu-paraiyze (get-to-xbus-and-alub x-opnd y-opnd)
(alu-microinstruction '",alu~func))))}

s Tuo-argument arithmetic comparisons
(detalucondition-commutative equal-pointer equal-pointer trus X-Y-1)
(defalucondition-commutative equal-fixnum not-sequal-fixnum fales X-¥-1)
(defaluconditicn-commutative equai-typed-pointer not-egual-typed-pointer faise X-Y-1)
(defalucondition-commutative not-equal-pointer equai-pointer false X-Y-1)
(defalucondition-commutative act-equal-fixnum not-equal-fixnum trus X-Y-1)
{cefalucondition-commutative not-equal-typed-painter not-equal-t?pad-§ointer trus X-Y-1)
(defalucondition2 greater-pointer not-greater-pointer faiss X-Y-1 X-Y
(defalucondition2 greater-fixnum-unsioned not-greater-fixnum-unsigned false X-Y-1 X-Y)
(defaluconditionZ greater-fixnum not-greater-fixnum-unsigned faise X-Y-l-si&ned X-Y-signed)
(defalucondition2 greater-or-egual-pointer not-greater-pointer false X-Y X-Y-1)
(defalucondition2 grsaie;-g;—equal-fExnua-unuigncd not-greater-fixnus-unsigned faise
(defalucondi tion2 greater-or-equal-fixnau not-greater-fixnua-unsigned false

-Y-signed X-Y-l-signed) }
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{defalucondition2 lecser-pointer not-greater-pointer true X-Y X-Y-1)
fdefalucondition? lesser-fixnum-unsigned not-greater-fixrum-unsigned true X-Y X-Y-1)
{defatucondition? lesser-fixnum not-greater-fixnum-unsigned true X-Y-si?ned X-Y-1-signed)
faetalucondition? lescer-or-equal-pointer not-greater-pointer true X-Y- X=Y}
{defalucondition2 ;e$5fr;o;;equal-fixnum-unsigned not-greater-fixnum-unsigned true
(defalucondition2 leccar-or-equal-fixnum not-greater-fixnur-unsigned true

X-Y-l-signed X-Y-signed) :

:0One-2rgument arithmetic test

{defaluccndition] zero-fixnum not-equal-fixnum falss X-1)
{gefaluconditicnl not-rero-fixnum not-equal-fixnum trus X-1)
:These tuo can be done in either the ALU or the YBUS

i {defalucondition] minus-fixnum alu-31 true X)

i (aetalucongitionl plus-or-zero-fixnum alu-31 false X)

{defmicro minus-fixnum (opnd)
(iet ((data (microexpand opnd)))
(if (can-get-to-ybus data)
(make-microcondition *ybus-31 *true (get-to-ybus data))
{make-microcondition "8lu~31 'true (get-to-obus32 datal})}}

{(defmicro plus-or-zero-fixnum {(opnd}
(let {((data (microexpand opnd}})
(if (can-get-to-ybus data) :
{make-microconditicn 'ybus-31 'faise {get-to-ybus datal)
(make-microcondition *alu-31 "false (get-to-obus32 datal})l))

{defalucondition]l minus-or-zero-fixnum not-greater-fixnum-unsigned true X-1)
{defaluconditionl plus-fixnum not-greater-fixnum-unsigned false X-1)

{defalucondition] minus-or-zero-fixnum afu-3l trus X=1)
(defaluconditionl plus-fixnum alu-3] false X-1)

{defaluconditionl minus-cr-zero-fixnum not-alu-31-or-carry-32 true X-1-signed)
;defaluconditionl plus-fixnum not-aiu-3l-or-carry-32 false X-1l-signad)

sLogical tests
{detmicro bit-test (x-cpnd y-opnd)
(make-microcondition "not-equal-fixnum *trus ;i.e. not -1
(get-to-obus32 *{lognand ,x-opnd ,y-opnd})))

sSame for 28-bit operands
{gefricro bit-test-pointer (x-opnd y-opnd)
{make-picrocondition 'equal-pointer ’f3ise ti.e. not -1
{get-to-obus32 ‘(lognand ,x-opnd ,y-opnd}}))

{defmicro Idb-bit-test (y-cpnd bit-number)
{make-microcondition *alub-2 *true
(paraiyze (get-to-ybus y-opnd)
(if (eq bit-number ’byte-r}
33 Don't care how many bits in the byte, and can’t use cond. Hence byte-s
‘{microinstruction byte-func (ldb byte-r byte-s))
‘{microinstruction byte~func (ldb , {logand (-~ 48 bit-number) 37) 1))1)))

{defmicro bit (byte-fieid)
{let ((data (microexpand byte-fieid)) tem)
{if (and (eq (car data) "microdata)
{eq (cadr data) *alub)
(set? tes {get {caddr data) 'byte-func))
(eq (car tem) 'lidb)
fequal (caddr tem) 1))
(make-microcondition *alub-8 °true (caddr data))
{retch "~S == ~5 is not a single bit datum” byte-field data))))

(defmicro all-ones (comyutation)
{make-microcondition 'not-equal-fixnum ’false
(get-to-obus32 computation}))

sWeird conditions
(defatomicro ybus-31
(microcondition ybus-31 true nil})

tAlternate name for carry out of bit 31 of ALU
(defatomicro alu-carry
{microcondition not-greater-fixnum-unsigned faise nil})

(defatomicro nicro-stack—em§tg
{micro-stack-empty-k ludge))

{defmicro micro-stack-empty-kludge ()
{or (eq xmachine-versionx ’proto)
 {retch "micro-stack-empty doesn’t exist any more"))
“(microcondition not-ctos-came-from-ifu false nil))

{declare (special =cdr-codesx xdata-typesx)) : from sysdef



| 4,887,235
189 190

{defnicro data-type? (val &rest types) .
(make-microcondition ’type-condition 'true
‘{paraliel , (get-to-abus val) .
{(microinstruction type-map ((, {copy!ist types) cond})))))

{defmicro not-data-type? (va! &rest types)
tm3ke-microcondition *type-condition ®'false
(parailel , (get-to-2bus val) )
{microinstruction type-map ((, {copy!ist tupes) cond))})))

iMerging rules for type maps:

:Ncte tRat-the trap number overlaps with the pointer and cond bits.
ilnee when merging, anything that specifies trap overrides the pointer
78nc ccnd bits from wnat it-is being merged with. Also, only one trap
18t 8 time can be specified; thers is a8 pricrity ordering which says
;who gets control uhen both maps specify traps. Invisible pointers
shave priority over bac type traps.

strap-2 is invisible pointer (highest priority}

s trap-2 is bad data tupe . .
;trap-1, trap-3 not defined yet, so | just stick them in at the end.
(defconst trap-priority-order '{trap-2 trap-8 trap-1 trap-3)}

{decl2re (special sundup!icated-data-typesx)) sin UUX
(defprop type-map merge-type-maps merge-fieids)

(defun merge-type-maps (mapl map2) .
(loop uith (condl condZ pointerl pointer2) = nil
for tgfe in xundupl icated-data-tupesx
as outl = {type-map-lookup type mapl)
as outl = (tgpe-nap-lookug type map2)
as trapl = (type-map-trap? outl)
as trapl = (type-map-trap? out2)
as output =» .
{cond ((and trapl trap2) (if (< trap2 trapl) out2 outl))
(trapl outl)
(trap2 out2) -
({nul! outl) out2)
{{nutl out2) outl)
{(equa! outl out2) outl)
{t *{cond pointer}}) ;both is only other possibility
when output . :
unliess {ioop for ent in map
when (equal (cdr ent) output)
return (rplacd (last (car ent)) {ncons type)))
collect (cons (ncons type) output) into map
uniess trapl
do {if (memg 'cond outl) (setq condl t})
(if (memq 'pointer outl) (setq pointerl t})
unless trap?
do (if (memg ‘cond out2) (setq cond2 t))
6 lfif (xemg ’pointer out2) (setg pointer2 t))
ina
(if ?or (and condl cond2) (and pointerl pointer2))
(retch "Conflict for cond and//cr pointer field: S aS*
nagl map2))
{return map})

{defun type-map-trap? (out)
{iocp for x in out
when (find-position-in-iist x trap~-priority-order)
return it
untees (memq x *(cond pointer))
do (retch "5 -- garbage in type map output ~5" x out))}

(defun tupe-map-lookup (tupe map)
{iocop for (types . outputs) in map
when (meng type types) return outputs))

{defmicro cdr-code? (va! cdr)
(rake-microcondition (nth (cond ((numberp cdr) cdr)
({find-position-in-1ist cdr =xcdr-codesx))
{t {retch "~S invalid cdr code" cdr)})

' (not-cdr-8 not-cdr-l not-cdr-2 not-cdr-3))
‘talse

(get-to-abus vail)))

{defmicro not-cdr-code? (val cdr)
(make-microcondition {nth (cond ({(numbarp cdr) cdr)
{((find-position-in-{ist cdr xcdr-codesx))
{t (retch "~S invalid cdr code" edr)})
' (not-cdr-8 not-cdr-1 not-cdr-2 not-cdr-3))
*true
{get-to-apus vaill}

(defmicro not (pred)
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{setg prec {(microexpand pred)) L.
for ?and (listp pred) (eq (car pred) "microcondition)) . e a
(ferror'ni? Argumen? to NG ex?anced into ~5 which is not a microcondition®))
{or {(merqg (caddr pred) ' (true false {
(ferror nil "Invalid sense in 5" pred)})

‘{microzondition , (cad~ pred) i€ (eq (caddr pred) 'true) °'false ’true)
. {cacddr pred)))

iPut this in the middle of a eequence and it splits the flow into

ione of tuo pathe, which are sequences or sin?le instructions. [If

ithe~e is anything mcre in the sequence the flow is assumed tg re{oln. .
iNCte that instesd of an immediate seguence you may also say, {goto ta Z
iwnere 133 is scmething defincd by 8 defucnde. [f you eaid “{jump tag "

Pycy Heulc get the came effect but ona cucle slower. The assenbler copies
iinstrutticns as necessary to implement this. You may also say (drop-through)

sto avoid getting gfolll? dee? in indentation in ths source code.
(defaicro if (pred true false
(tets ({test :licro?7pand(p;edl) t) 'microcondition)
i d ne car tes i . . L
{skip {con (ra?ch “~S expanded into ~S, not a valid microcendition”
pred testl} . .
({memg (cadr test) valid-ekip-conditions) (cadr test)})
(t (retch “~S invalid skip condition in ~S*
(cadr test) pred))i}i
(it (eq (caddr test) 'false) (psstq true false false true))
{paraiyze
{cadddr test) L .
*‘{microinstruction condition y8kip . .
skip-true-sequence .(n:;roexpand-lf true)
skip-faise-sequence , {microexpand-if faise))}))

iThe value of the skip-xxx-sequence fieldaig a ;ig;oi:gé:ggtion. a
imi fucode tag, or nil meaning drop- . . i
23&?5§s§?§53§§éa3a9?f”??oﬁm) ¢ ;Hackg goto, drop-through which aren’t defmicros
(setq form (microexpand form)) s however microexpand is known not to complain
{cond ({and (not (atom form)) (= (length form) 2) (eq (car form) 'gotol)
(cadr form))
((equal form ' (drop-through))

niil
(t form)))

;Construct a microcondition out of a condition name and some microcode.
:The microcode is expanded now to make iife simpler and to make
s the backtracing come out right.
{defun make-microcondition (ccndition senses code)
{let ({expcode (nicroex?anc code) ) )
(if {or (atom expcode . . . .
{not (memg {car expcode) '(llcronngtructlop gncroaequencel)))
(ferror nil “not microinstruction in microcondition: ~S == &5
code expcode)) L
{or (memq condition valid-skip-conditions) - L
{ferror nil "~S is not a valid skip condition condition))
{or (memq sense ' (true faise)) . .
(ferror nil "~5 is not a valid skip sense® sense))
*(microcondition ,condition ,sense »expcode} })

s Data type chacking and other trapping

:Tr;p if data type of val is not ona of the specitied types,
tThis is the lou-ieve! version that traps to a fixed place, used for
tunbound variable checking and urong-fype-argument barfing.

iLocation specifies to the error handier. It can be a number for a fixed argument;
L for an uncpecified place (in which case the first argument of a non-matching
;tase will be printed);
$ARRAY for the arra¥ argument to various instructions:
$SUBSCRIPT for one lor morse} of the subscript argument (s} to an array function;
+ JOP-OF -STACK for things |ike funcali;
;REST-ARG for lexpr-funcatls
sRETURN-PC for returning;
$SELF-MAPPING-TABLE for instance stuff;
s INSTANCE (either seif or argument to JINSTANCE-X) ditto;
+ INSTANCE-SIZE ditto; INSTANCE-BINDING ditto:
¢ INSTANCE -HASH-TABLE ditto; INSTANCE-HASH-TABLE-ENTRY dittos
s ANY for functions with severa] arguments of |ike type.
{(defmicro Check-arg-type (iocation vai &rest types)
‘{paraiiei . (get-to-abus val)
{microinstruction type-map ((, (types-other-than types) trap-9))
error-table (urong-type-argument » location , types))))

iFor simple cases, specify location as NIL
{defmicro check-data-type (val &rest types)
‘{check-arg-type nil ,val . » types})

xGenera;e specified data-type trap if value is of cne of the

ispecified types,

(detmicro data-type-trap (val trap-name 8rest types)
‘(parallel , (get-to-abus val)

(microinstruction tupe-map ((, {copylist types) , trap-naze)))))
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(defun tupes-other-than (types) . .
::1 feel bad about (check-data-type foo fixnum) trapping everything.
{loop for type in types .

uniess (memg type =xunduplicated-data-typess)
do {retch "You have invalid data types ~S5" typel)
(loop for type in xunduplicated-data~typssx
uniess (memq t¥?e types)
collect type

;:General “higher-level" traps. Any condition on the skip condition
imultiplexor may be selected, and true or false may be selected. I[f the
scondition is satisfied the machine traps to the next-microinstruction
s address, expressed here as either a ?oto or a microsequence as With IF.
{(defmicro trap-if {(pred trap-cequence
{(if (eq pred ’true) A
(setq pred ' ({cdr-code? (a-constant 8) 8))) $--- Something better?
(letz ({test (microcexpand pred))
(trap-if "condition~-true}
(cond (cond ({neq (car test) ’"microcondition)
(retch "~5 expanded to ~S, not a valid microcondition®
pred test)) L
{(memq (cadr test) valid-skip-conditions} (cadr test))
(t (retch ®"aS invalid skip condition in &S5"
(cadr test) pred))})})
(if (eq (caddr test) 'false) (setq trap-if "condition-faise))
‘{paratlle!

. {cadddr test)
{(microinstruction condition ,cond
trap-enablies (,trap-if) .
trap-sequence , (microexpand~if trap-sequence)
a(selectq cond
;:1--- This may be over-conservative. These conditions
;s coms out a little bit later than the others.
{{aiu-31 equal-pointer not-equali-fixnums not-equal-typed-pointer)
‘(speed siow-second-halfl))))}))

;Simply eliminate duplicates, For now, at least, no compatibility issues.
{defun (trap-enables merge-fieids) (eni en2)

(append enl (loop for en in en2 uniess (memgq en enl) collect en)))

:Can have a data type check at the same time as a traneporter check

tln that case, the urong-t*pe-argument prevails. The error handler can print a different
smessage if it finds an illega! data tupe than one that fails to match.

{detprop error-table merge-error-table-entries merge-fields)

(defun merge-error-table-entries (errl err2 &optional (error-p t) &aux errtl errt2)
{eetq errt]l (car errl)

errt2 (car err2))
{cond (lequa! errl err2)

errl)

{{or (null err2)

. 1)(and (eq errtl ‘urong-type-argument} {(eq errt2 'bad-data-type)))
err

({or (null errl)

erra)(and (eq errtl 'pag-data-tupe) (eq errt2 'wrong-tupe-argument)))
2

{{not error-p)

;no—go)
(retch “Error table conflict: ~5 and ~5" errl err2))})
{(defun compatibie-arror-table-antries (errl err2)
neq 'no-go (merge-error-table-entries errl err2 nil)))

sThe type map for norma! srithmetic, which has cond for non-fixnum numbers
t{and bad-argument trap for non-numbers.

(decliare (special =marithmetic-type-maps)) s in UUX

:3 Micros for arithmetic traps

12-operand arithmetic instructions use this
(defmicro check-fixnum-2args (a-opnd b-cpnd &rest exception-routines)
(paraiyze {get-to-abus a-opnd)
{get-to-bbus b-opnd)
‘{microinstruction
type-map ,xarithmetic-tupe-mapx
trap-enabies (type-condition bbus-non-fixnum)
spec trap-if-type-cond-or-bbus-not-fixnum
error-table (urong-type-argument any (:number)))
(make-arith-dispatch-microinstruction exception-routines)))

;1-operand arithaetic instructions use one of the next two
(defmicro check-fixnum-larg-a (a-opnd &rest exception-routines)
(paraiyze (?ep-tofabua a-opnd)
‘{microinstruction
type-aap ,xarithmetic-type-maps
trap-enabies (type-condition)
spec trap-if-type-cond
error-t2ble (urong-type-argument nil (:nuaber)))
(make-arith-dispatch-microinstruction exception-routines)))
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{defmicro check-fixnus-larg-b {b-opnd &rest exception-routines)
{paralyze (?et-to-bbua b-opnd) . .
‘{microinstruction tAssume no type-cond bits set in map ----
trap-enables (type-condition bbus-non-fixnum)
spec trap-if-tgpe-cond-or-bbus~not-fnxnum)
{make-arith-diepatch-microinstruction exception-routines)))

{defmicro check-fixnum-b (b-opnd &rest exception-routines)
{paralyze {(get-to~bbus b-opnd) . X
‘?nicroinstruction :Assume no type-cond bits set in map ~=--
trap-enables {(tupe-condition bbus-non-fixnum}
spec trap-if-type-cond-or-bbus-not-fixnum)
{and exception~-routines
‘{microinstruction .
next-microaddress , (nicroexpand exception-routines)))))

;Trap if opnd is of any of the named types, and do an arithmetic dispatch
tinto the trap routine. This is mainly for EQL. . .
(defmicro check-data-tgpe-and-dia§atch {opnd-and-types &rest exception-routines)
(let ({opnd (car opnd-and-tupes))
{types f{ccr opnd-and-tg?esl))
{paralyze (?et-to-abus opngd
‘Imicroinstruction
type-nap ((.t¥pes cond})
trap-enabies {type-condition)
spec trap-if-type-cond) .
(make-arith-dispatch-microinstruction exception-routines))))

sArithmetic trap dispatches on ABUS<33:32>]BBUS<33:32>

i3 in either fieid can’t happen, if a type check uas done

sUnfortunately this isn"t really true, since Bbus type checking ipCﬁiglete (use OTHERWISE)
(declare (special xarithmetic-trap-dispatch-cues-alists)) sin UUX

sMake up a microinstruction that either dispatches or doesn’t depending on
swhether the arithmetic trap exception routines consist of more than
;dpst an otherwise clause. - . .,
iWith no exception routines at al!, any exception is an error.
:The caller is assumed to praovide the irap snabiss, ﬁergin? will switch
110 spec/arithmetic-trap-enb and supply the magic-number bits as nesded.
(defun make-arith-dispatch-microinstruction {exception-routines)
(let ({(disp (expand-dispatch-clauses exception-routines L
%xar i thmetic-trap-dispatch-cuss-alistz}))
{cond {{null disp}
‘(microinstruction trap-sequencs error-trap))
({ang (null {cdr disp}) (eq (caar disp) 'otheruise))
‘{microinstructien trap-sequence , (cadar disp)})
{(not {(assg 'ctheruise displ)} sCompensate for lack of Bbus type check
‘{microinstruction spec arithmetic-trap-uith-diapatch
arith-trap-dispatch-table (arith ((3d? 1?;)error-trap)
R . . . \ . « 013D
(t *‘(microinstruction spec arithmetic-trap-uith-dispatch
arith-trap-dispatch-table (arith . ,disp)}})))

13: "Data Processing”

Construct a microdata out of a data location and some microcods.,
The microcode is expanded nou to maka |ife simpler and to make
the backtracing come out right.
defun make-microdata (location code)
(let {{expcode (nicroex?and codel} )}
(if {or (atom expcode .r . N
{not (memg {car expcode) ’(microinstruction microsequenca))))
(fcrror nil "not microinstruction in microdata: ~5 = ~§"
code expcode))
‘{microdata ,location ,expcode}))

sThe valid ‘places’ for data are ABUS, BBUS, XBUS, YBUS, ALUB, and DBUS
iflaybe more will be put in later

{

:Discard the result of a microdata, just perform the microcods.
{gefmicro for-sffect {val)
{setg val {(microexpand val))
{cond ({atom vai) val)
{{eg (car val) ’microdata) (caddr val))
:écq f??; val) 'microcondition) (cadddr vai))}
va

;Routines which understand the various bus routes

;Put data on obus. Returns an instruction.
:Note that this is only guaranteed to get the tow 32 bits, not the & high tag bits
(defun get-to-obus32 (form}
(letx ({xbacktracex {cons ' {(get-to-obus32] sbacktraces))
(data (microexpand form}l}
{it (not (and (not (atca catal)
(eq (car data} "wicrodata)
{memg (cadr data) ' (abus bbus xbus ybus alub obus))))
(retch "Cannot get data onto Obus: ~5 == ~5* form data)
fiet ({code (caddr datal))
(if (eg {cadr data) ’obus) :1f not already on obus, put it thers
code
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(paralyze
code
{selectq (cadr data)
(abus ‘(microinstruction xbus abus
atu xbus))
{bbus ‘(microinstruction ybus bbus
byte-func ybus
’ alu alub})
{xbus *(ricroinstruction alu xbus})
{ybus ‘(microinstruction b?to-runc ybus
alu a

ub))
{(alub ‘(microinetruction alu alubl))}))}))}}

sSame but transfers all tha dits (not just tow 32)
{cefun get-to-obus (form)
(tetx ((xbacktracex {(cons ®{get-to-obus) sbacktracex))
{agata (microexpand form)}
{ift (not (and (not (atom data))
(eq (car data) 'microdata)
(memg (cadr data) ®(abus bbus xbus ybus alub obus))))}
{retech "Carnot get data onto Jbus: &5 == 5" form data)
(let {i{cide {(cador datal}} : .
(if i{eq (cadr data) ’obus) sIf not slready on obus, put it thers
code .
(paraiyze
cods
(seiectq (cadr data)
(abus ‘(microinstruction xbus abus

alu xbus
;s force-pbue<35-34> abus suill default
I ;;orco-ubus<33-32> abus sHill default

{bous ‘(microinstruction ybus bbus
. byte-func ybus
alu alub N
: force-obus<33-32> bbus))
(xbus *(microinstruction alu xbus))
(ybus *(microinstruction byte-func ybus
alu alub))
_ {alub *(microinstruction alu alubl}))})))}

idefun get-to-abus (form)
(letx ((xbacktraces (cons ®’(get-to-abus) =zbacktraces))

(data (microexpand form))})

{if (not (and (not (atom data))

S (eq {car data) °'microdata)

{eq {cadr data) 'abus)))

(retch “Data not accecsible on Abus: S == ~5" form data)
{caddr datal}))

{gefun get-to-hbbus (form) -
{lets {(xbacktracex (cons ’({get-to-bbus) sxbacktraces))
{data (microexpand forml)))
(if (not (and (not (atom data))

{eq (car data) ’microdatal
(eg (cadr data) 'bbus}})

(retch "Data not accessible on bous: ~5 == 5" form data)

(caddr data)}))

(defun get-to-xbus {(form)
(ietx ({sxbacktracex (cons °'(get-to-xbus) mbacktracex))
(data (microexpand form)))
{cond ((or {(atom data) (neq (car data) *microdata))
(retch “Not microdata: ~5 == 5" form data))
({eq {cadr data) 'xbus)
{caddr data))
({eq (cacr data) ’abus)
(paralyze (caddr data) ‘(microinstruction xbus abus}))
{{eq (cadr data) ’bbus)
(:paraluze (cadar data) *(microinstruction xbus bbus)))

(retch "Data not accessible on Xbus: ~S == 5" form datal)))))

(defun get-to-ybus (foram)
(letx ((xbacktracesx {cons °{get-to-ybus) sbacktraces))
{data (microexpand form}))
{cond ({or (atom data} fneq icar data) ’microdata))
{retch "Not microdata: ~5 == 5" form data))
({eq (cadr gata) 'ybusi
{caddr datal)
({eq (cadr data) 'abus)
(paraiyze (caddr data) ‘{microinstruction ybus abue)))
{{eq {(cad- data) ’bbus)
(:paraluze {caddr data) ‘(microinstruction ybus bbus)))

(retch "Data not accessibie on Ybus: ~5 = ~5" form data)))))

{(defun get-to-alub (form)
{letx ((xbacktracex (cons °(net-to-alub) sbacktracex)}
(data (microexpand form}))
(cond ((or (atom datal
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{neq (car data) ’microdatal

(not (memg (cadr data) ®(abus bbus ybus alub))}})
{retch "Data not accessible on ALUB: ~5 == &5" form data))
((eg {cadr data) "aiub) (caddr data)) sAlready there
(t ?paralgze :Cet it thers through ehift/mask

(?et~to-gbus data)

‘Imicroinstruction byte-func ybus})}}))

(defun can-get-to-xbus (data)
{cond ({or (atom data}l (neq (car data) *microdata))
{retch “Not microdata: ~S" data))
{t (memq (cadr data) ' (xbus abus bbus}!)})})

{defun can-get-to-ybus (data) .
{cond ({or {atom data) (neq (car data) ’microdata))
{retch “Not microdata: 5" dsta))
{(t (memq (cadr cata) ’{ybus abus bbus)))})

(defun can-get-to-alub (data) .
{cond ({or (atom data) (neq (car data) 'microdata))
{retch "Not microzdata: ~S” data))
(t (memq {cadr cata) '(aiub ybus abus bbus))))})

:First value is code, second is t if form2 is on Xous, nii if fornl is
{defun get-to-xbus-and-alub (forml form2)
{letz {(xbacktracex (cons '’ (get-to-xbus-and-alub) =backtracesx))
(datal (microexpand forml))
. (data2 (microexpand foram2)})
{cond ((or (atom gatal)
(neq {car datal) "microdata)
{not (memg {cadr datal) ° (abus bbus xbus ybus alub}}))
(retch "Data not accessible: ~5 e= ~5* forml datall)
({or (atom data2)
{neq (car data2) ’microdata) )
(not (memg (cadr data2) °(abus bbus xbus pbus alub})))
(retch “Data not accessible: ~5 == ~5* form2 data2))
({eq fcacr datal) "xbus) - .
{values {paralyze (caddr datal) (get-to-alub data2)) nil))
({me=q (cadr datal) ' (ybus alub))
(vaiues (paraluze (get-to-alub datal) (get-to-xbus data2)) t))
({eq (cadr data2) ‘xous)
(values (paralyze (get-to-alub datal) (caddr data2)) t))
{{nemq (cadr data2) '{(ybus alub}) .
(vaiues (paralyze (get-to-xbus datal) {(get-to-afub data2)) nil))
{{slou-source-p datal) .
{values (paralyza {(get-to-xbus data2) (get-to-alub datal)) nill)
(t siUnconatrained, pick arbitraril?
{values (paralyze (get-to-xbus datal] (get-to-alub data2)) ni!))}))

iRegard all off-board sources as slow
{oetun siow-source-p (datum)
{seiccty (cadr catum)
(abus (memg (?et (caddr datum) 'abus) °(memory-data Ibus memory-data-force vma pc map)))
{ctheruise nil)))
;Test whether a given field of an instruction has 8 given valus
:Should this barf if the field is not specified at all?
(defun fisldp (code fieid value)
{or (eq {car code) °*microinstruction)
(retch “~S not a microinstruction - fieldp® code))
(equal (get code field) value))

;Change a piece of code according to specified field renamings a-!ist.
tRenaming something to nil deletes it complately.
(defun modi fy-code {code changes)
(or (eq (car code) °*microinstruction)
fretch “~5 not a microinstruction - modify-code” cods))
{cons 'microinstruction
(icop for (field val) on (cdr code) b? ' eddr
as change = {(assq fiei{d changes
when (not change)
collect field and collect val
else when {cadr changs)
coliect (cadr change) and coliect val)il)

sMicrocode version of setf
{defmicro assign (original-destination original-source &aux destination source)
(setq destination (microexpand original-adestination)

source (microexpand original-source))
fcond ;: WRITE-ONLY REGISTERS

{{eq destination ’xbas)
(paraiyze (get-to-obus32 source)
‘Imicroinstruction spec load-xbas)))

sFor the tenporary memory controi, there is an inst register we can write
({egq destination "inst)

(or (memg smachine-versions ’(sim proto))
(retch "Cannot assign to INST--it only exists insids the IFU!"))
{paraiyze (?et-tD-ODUSE source)
‘{microinstruction spec clear-stack-adjustment))) ;code 7

({or (atcm destination) (neq {car destination) 'microdata))
(retch a5 == ~S~Xis not a description of a valid data destination®
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original-destination destination})
{{and {neq source ’array-index-ghift-prom) $BYTE-R kiudge

(or (atom source)

(neq (car source) ’microdata) :

(not (memg (cadr cource) ®{abus bbus xbus ybus alub obus)))}))
~S == ~S~%is not a description of data” .
original-source sourcel}

+3 A DESTINATIONS
{{and (eq (cadr destination) *abus)
(fieldp (caddr destination) ’abus ’memory-data))
:Store into memory by putting sourcs on obus and writing lbus dev
;Also must set up tha amem-urite-addr in case location maps into amem
sUser is responsible for doin? start-memory in paralliel with this
(paraiyze (get-to-obus source .
{modi fy-code {caddr destination) '{(abus nil) {amem-read-addr nil)})
{(selectq xmachine-versions
{({proto sim) ‘(microinstruction write-lbus obus
|bus-dev-adar write-memory
. L. amem-ur i te-addr (bus-address}))
(otheruise ‘(microinstruction amem-urite-addr (bus-address)))))
({and (eq (cudr destination} ’abus)
(fieldp {caddr destination) 'sbus ’'frame-pointer})
;Store into frame-pointer by putting the source on the cbus:and
jasserting write-frame-pointer
{paralyze (get-to-ctus3Z source) = )
(modify-code (caddr destination) °((abus nill))
‘{microinstruction spec {oad-frep)))
((and (eq (cadr destination) °abus)
{(fieldp (cacdr destination) 'abus ‘stack-pointer))
iStore into stack-pointer by putting the sourcs on the obus and
sassertin: write-stack-pointer
{paralyze (get-to-obus32 source)
(modi fy-code (caddr destination)
. . *((abue nit)})
. ) ‘{microinstruction spec load-stkpl})}
1This version for real wmermory control (THC board)
((and (eq (cadr destination) ’abus)
.. (fieldp (caddr destination) ’abus 'vma))
(if (memg xmachine-versionx ’'(sim proto))
{retch “Tnere is no VMA register on this machine"))
;:Store into vma by putting source on obus and doing appropriate mem function
sFor TMC, data can come from Obus or Memory
{paratyze (get-to-obus32 source)
{modify-code (caddr destination) *'{(abus nii)))
‘{microinstruction write-lbus
,{if {(and (nem? xmachine-versionx ® (tmc tmcS))
{eq (car source) 'microdata)
(eq (cadr source) ’abus)
(fieldp (caddr source) 'sbus ‘'memory-data))
'nemor?-data ‘obus)
. . rem write-vmaj))
sThis version for temporary memory contro! (FEP board)
t{and (memg xmachine-versionz '(sim proto))

(eq (cadr destination) ’abus) .
(fieldp (caddr destination) 'abus 'amen)
{fieldp (caddr destination) 'amem-read-addr 2581))
:Store into both harduare VMA and A-memory copy
{paraiyze (get-to-obus32 source} = R .
(modi fy-code (caddr destination) °®((abus nil) .
(amem-read-addr amem-urite-addr}))

(retch

)

‘(microinstruction write-amem obus
R mem write-vmal)l)
({and (eq (cadr destination) fabus! .
(fieldp (caddr destination) ’abus ‘'pc))
(if (memg xmachine-versionx '(sim prote)) W
(retch “There is no PC register on this machine"})
:Storing into PC -~ for THC, data can coms from Obus or Memory
(paralyze (get-to-obus32 source) = . .
(modi fy-code (caddr destination) ’{(abus nil)})
(u?zect? smachine-versionx
tme .
*{microinstruction urite-ibus ,{if (and (eq (car source) ’microdata)
(eq (cadr eource)} ’abus}
(fieldp (caddr eource)
*abus 'memory-data))
‘memory-data ‘obus)
mem microdevice
Ibus-dev-addr write-vma-~and-pc))
((tmeS) . .
‘(microinstruction urite-ibus ,(if (and (eq (car source) 'microdata)
{eq {(cadr source) 'abus)
(fieldp {caddr source)
*abus 'memcry-datal)
‘memory~-data ‘obus)
mem urite-vma
spec i fu-control
magic
magic-mask 3N . .
(otheruise (retch "0on”t know how to assign to PC on ~5 yet
smachine-versionx))}}))
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{{and (eq (cadr destination) ’abus)
(fieldp (caddr destination) 'abus 'amem)) .
sStore into amem by selecting the appropridte urite address, putting
s the source on the obus, and asserting write-amenm, Forgat the speed X
sspecifier since there is plenty of time for the write address caiculation. .
:1f the urite address must come from the AMRA field, UH will put the speed back in.
(paralyze (get-to-obus source) . .
-{modi fy-code {caddr destination) '(famem-rg??-addr amem-wr i te-addr)
abus ni

{speed nill))
‘(microinstruction write-amea obus)))

:: B DESTINATIONS
{{and (eq (cadr destination) ’bbus)

(fieicp (caddr destination) ’bbus "bmem)) . .
:Store into bmem by putting source on xbus if possible, otheruise
son obus, selecting the apprcpriats write address, and asserting
swrite-bmem. Note that putting something on xbus never precludes
slater deciding to put it on obus too. hen writing bmes from xbus
sthe high 4 bits come from abus. .

(let {(code (modify-code (caddr destination) )
* { (bmem-read-addr bmem-write-addr)
(bbus nil)))))
sIf writing the hard-to-wurite locations, need spec function
(if (< (get code 'bmem-urite-addr) 368)
{setq code (paralyze cods .
‘{microinstruction spec crocks magic 18)))}

s AMUA ?ats plugged in later
(if (memq (cadr source) ' (abus xbus))
(paralyze {(get-to-xbus source)
code
‘(microinstruction urite-bmem xbus))
{paraiyze (get-to-obus source)
code .
‘{microinstruction write-bmem cbus}))))

BYTE-R and BYTE-S registers (urite-only on proto)
nd (eq (cadr destination) *alub) sBYTE-S
(tieldp (caddr destination) ‘ybus °ybus-crocks-2)
(fieldp (caddr destination) ‘byte-func *{idb 108 5)))
{paralyze (get-to-obus32 source)
(modi fy~code (caddr dectination) '((?bus nil) (byte-func nil) (spec nil)))
‘{microinstruction espec load-byte-s)})
({and (eq (cadr destination) ’alub) sBYTE-R
(fieldp (caddr destinaticn) °‘ybus ’ybus-crocks-1)
(fieldp {caddr destination) ’byte-func '(idb 18 5)))
{paraiyze (if (eq source "array-index-shift-prom)
‘{microinstructicn magic 18 magic-mask 10}
{paralyze (?et-to-obus32 source)
‘{microinstruction ma?ic g na?ic-mask.la)))
{modify-coce (caddr destination) *{{ybus nil} (byte-func nil) (spec nil)))
‘{microinstruction spec load-byte-r)]})

33 ALUB (BYTE) DESTINATICON
({eq (cacr destinaticn) 'alub)

33 Assign to a byte b¥ putting the byte's word on one bus (A or B)
i; ard dpb’ing the byie value into it from the other bus, then assigning
33 the result back into the byte’s word.
(et ((background-bus (get {caddr destination) *ybus))
.. {(byte-bus (cadr source)))
if (not {or (and (eq background-bus ®abus) (eq byte~bus *bbus))
. (and (eq_background-bus ‘bbus) (eg byte-bus "abusl}i}
(retch "Storing ~5 (on aS bus) into ~5 (on ~5 bus)~e
Ds?nng;'ba done:bo?e gust be 6bu7 and the other BBus"
i -source e-bus original-desti| ion -
(tet ({word nake-picrodstg backgroung-bus nation background-bus)
(modi fy-code (caddr destination)
" {gbus nil) (byte-func nil)))
frot (second (get (caddr destination ‘byte-func)))
., Usiz {(third (get {czddr destination) 'byte-func})))
(assign ,uord , {make-microdata ’obus
{paralyze (gat-to-xbus word)
(get-to-ybus sources)
‘tmicroinstruction
byte-func {dpb , (logand 37 (- 48 rot))
'8i2
merge)

tia

-~ e

))

:lu aludb 3332
orce~-cbus<33-32> ,background-bus
force-obus<35-34> or!

(if (eq back d-b * ab ¢
f))))))? ground-bus ’abus) ‘abus 8)

-H ~S~1 L1} ~S'

(t (retch "1 don't know how to store into thi
)

original-destination destination)

iReferencing amem via the address arithmetic
:Yalid forms for acddr are:
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(frame-pointer fixnum)
(stack-pointer fixnum)

; (macrocode)
3 fixnum tbetueen B8 and 7777 | gue=s
N (constant val) saddress of constant to be allocated later

{defmicro amem (addr)
‘(microdata abus (microinstruction abus amem
a2mem-read-addr ,addr
,eland (listp addr) (neqg (car addr) ’constant)
‘{speed slou-first-half)l)}})

{defatomicro address-operand sof a format-2 instruction
{amer (macrocode))) .

sAllou the obus to be referenced explicitly, for convenience in writing
scode which stores into tuo destinaticns simultaneousiy
{defatomicro obus

{(microdata obus (microinstruction)))}

;Defining registers in amem or bmem
i1 These forms define registers at specific locations . ! )
$You can use these, but normaliy they are just used by the SYSDEF stuff

(defmacro defareg-at-ioc (name focation R
&optional initial-valua {(simulatcr-initial-value initial-value))
{check-arg location (s B location 7777) “a 12-bit number“)
‘{progn 'compilie
el f initial-vaive *‘({add-a-memory-value ,location ,initial-value)))
.ef{if simulator-initial-value ‘((acet ,simulator-initial-valus xa-memoryx ,location)))
{defprop ,name ,location defareg-at-ioc)
(add-a-memory-symbol ',name ,location)
#Q (si:recora-source-file-name ’,name 'defareg-at-los)
{evai-uhen (compile load eval)
(add-atomicro ’',name ' (microdata abus (microinstruction abus amenm

amem-read-addr , location})))))

(defmacro defbreg-at-loc (name location
8cptional initial-vatue (simulator-initial-value initial-value))
, {check-arg location (s B location 377) “an 8-bit number")
‘{progn 'compile
,alif initial-value ‘((add-b-memoruy-value ,location ,initial-value)))
Jelif simulator-initial-value ‘((aset ,simulator-initial-vaiue xb-memoryx , location)))
(defprop ,name , location defbreg-at-lioc)
{agd-b-memory-symbo! °,name , location)
#3 (si:record-source-file-name °,name 'defbreg-at-ioc)
{eval-when {(compile load eval)
(acd-atomicro *,name '(microdata bbus (microinstruction bbus bmen

bmem-read-addr , loc3ation})})}))

:Defining registers at variable locations

sNote that if you do this after doing 2 defare?-at-loc of the same name, you
sget the same register at the same location. his can be useful for
;apecifying initial values for registers set up by SYSDZF,

(defvar xnext-defareg-3ddressx)
{defver xdefareg-1imitx)
{defvar xnext-defbreg-addressx)
(defvar xdefbreg-limitx)
{defvar xb-temps-basex 365) sAnything from here up is a temporary. possibly
sover lapped with other temporaries see UA)
sexcept for the b-temp ... b-temp-3 series

{defmacro recerve-scratchpad-memory (first-a last-a 8optional first-b last-b)
‘{evai-uhen (compile eval)
{setq xnext-cetareg-addressx ,first-a
xdefareg-limitx ,last-35
Jlif first-p
‘{setq xnext-defbreg-addressx ,first-b
xdetbreg-1imi tx ,last-bi)))

{defmacro defareg (name &optional initial-value (simulator-iritial-value initial-value})
(tet ((iocation {or {get name 'defareg-at-ioc)
(progl =xnext-defareg-addressx
{if (2 wnext-dofareg-addressx xdefareqg-limitx)
(ferror nil “Not enough A-memory reserved”))
{incf xnext-defareg-addressx))}))}
‘{progn 'compile
«elif initial-vaiue ‘((add-a-memcry-value ,location ,initiai-vatue)))
.@lif simulator-initial-value *‘{(aset ,simulator-initial~valus x3-memoryx , focation)))
{add-a-memory-aymbol *,name , location)
#2 (si:record-source-file-name ', name ‘defareg)
(eval-uhen (compiie iocad eval)
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(add-atomicro ',nare . .
*{microdata abus (microinstruction abus amem

amem-read-addr ,locationil})))})

(defmacro defbreqg (name 8optional initiai-value (simulator-initial-value initiai-value))
{let {(iocation (or {get name ’'defbreg~at-ioc)
{progl xnext-deftreg-addressx
{if (2 xnext-defbreg-addressx xdefbreg-limitx}
{ferror nil "Not enough B-memory reserved"))
{incf xnext-defbreg-addressx)}))})
{or (< 7 tocation 377)
{ferror nil "~0cB is not a normal B-memory !ocation, you don't want to put &S there”
lccation nars))
‘{progn "compile
,elif initial-value *l{add-b-memory-value ,location ,initial-value}}l
.elif simulator-initial-value *{{zset ,simulator-initial-value xb-memoryx ,locationl}})
{add-b-memory-symto! °,name , logztion)
#Q {si:recora-source-file-name ',name ’defbreg)
(evai-uhen (compile icad eval)
{add-atomicro ', name
*{microdata bbus (microinstruction bbus bmem
bmem-read-addr ,location)}})}))

:0efine B temporaries. All files’ B-temps go in the szme memory locations.
{defmacro define-b-temps (&rest names)
*{progn 'compile
. o{loop for name in names as loc upfrom sb-temps-basex
:: Note that_location 377 connot be used since it gats ciobbered
when (2 loc 377) do (ferror “Not enough B-temp space for ~5" name)
nconc ‘{{add-b-memory-sumbo! ’,name ,loc t)
/0 {sitrecord-scurce-file-name ' ,name ’define-b-temps)
(evai-uhen (compile load eval)
(add-atomicro ',name ' (microdata bbus
. {microinstruction bbus bmem
’ boem-read-addr ,locl})))}))

:Thece are the values actuaiI? to be loaded into the harduare
(defvar xa-memory-vaiuesx nil
(defvar xb-memory-valuesx nil)

(defun add-a-memory-value {location value &3ux tem)
(if (setq tem (assoc location xa-memory-valuesx)) (rplacd tem value)
{push {cons location value) xa-memory-valuesx)))

(defun 2dd-b-memory-value (iocation value &aux tem)
{(if (setg tem (acsoc |ocation xb-memcry-vaiuesx)) (rplacd tem value)
{push (cons location value) =xb-memdory-valuesx)))

;:These are symbol tables for the debugger
{defvar xa-memory-esymboicex nil)

(defvar xb-memory-cymboick nil)

(defvar xb-temp-symboicx nil)

(defun add-a-memory-symboi (name locaticn &aux tem)
(cond ({setg tem (assg name xa-memory-symbolsx))
{or (= {cdr tem) location)
{format error-output “~8Uarning: ~A defined at both ~0eA and ~0eA"
name {(cdr tem) locaticn))
{rptacd tem ilocation)) i
(t (if (setq tem (rassoc location xa-memory-symbolsx))
(format errcr-output “~8+5 and ~S at same address (~DaA)"
name {car tem) jocation))
(push (cons name jocation) xa-memory-symbolsx))))

(defun a2dd-b-memory-symba! (name location &optional temp-p &aux tem)
(and temp-p (not (memq name xb-temp-symboisk)
{push name xb-temp-sumboisx)}
{cond {(setg tem {(assg name *b-memory-symbolsx})
{or {= (cdr tem) location)
(format error-output "~8Uarning: ~A defined at boih ~0aB and ~DaB"
name (cdr tem) location))
{rptacd tem location})
(t (and (setq tem (rassoc location sb-memory-sympo!sx))
(not {(and temp-p (memg {(car tem) ®b-tezp-sumboisx)))
(format error-output “~8~5 and ~5 a3t same address (~0eB)"
name (car tem) location))
{push {cons name lccation) xb-memory-syzbolsx))}))

sConstants on the A sice.
:The final assembiy phase will aliocate Amem locations for these,

ibut for now we just stick the constant in the amem address for the Lispifier
{detmicro a-cons{ant (value)
‘imicrodata abus (microinstruction cbus arem
- amem-read-addr (corstant , (eval vailue)))))

:Constants on the B side
.(dgfn@cro b-constant (value)
(microdata bbus (microinstruction bbus bmem
bmem-read-addr (constant , (eval value)))))

:The bace registers for the amenm addressing harduare



4,887,235
209 ~ 210

{defatomicro frame-pointer .
(microdata abus (microinstruction abus frame-pointer)))

{defatomicro stack-pointer .
(microdata sbus (microinstruction abus stack-pointer)))

(gefmicro increment-stack-pointer ()
‘imicroinstructicn stack-pointer increment))

{defmicro decrement-stack-pointer f)
‘(microinstruction stack-pointer decrement))

sExplicit routing kludges (PARALLEL won’t reurite the code to make it compatinle)
(defmicro via-xbus {scurce
{(make-microdata 'xbus {get-tc-xbus source)))

{defmicro via-ybus (source)
(make-microdata 'ybus (get-to-ybus source)))

:The macro program counter,

;This is a word addreass, with bit 21 zelfecting betwean the tuo
shaifuords. The hardware supplies the t3g when reading, and
:iooks at bit 31 when writing., The data type field is 68 or 78.

{defatomicro ?c
{pc-kiudge)

{detmicro pc-kludge ()
{selecty xmazhine-versionx
{{sim proto)
s: Use 2580@A, a location kludgilu knoun about...
‘{microdata abus (microinstruction abus amem amem-read-addr 2528)))
{otheruise :
‘{microdata abus (microinstruction abus pc)))))

:To transiate the PC into a 32-bit halfuord index, rotate it left }
(defmicro halfuword-pc (wWord-pc)
‘(rotate ,word-pc 1))

:To transiate a halfuord index into a PC value, rotate it right one place

sthen piug 3 into the high-order 2 data-type bits, selecting tupe 68 or 73.

{defmicro word-pc (ha! fuord-pe)

{make-microdata 'obus
{paraiyze (?et-to-gbus hal fuord-pc)
‘{microinstruction b?te-func {idb 31. 32.)

alu alub
force-obus<33-32> 3))}) ;dtp-even-pc/dtp-odd-pe

:To tranciate a word address into a PC which points at the odd (second)
sinstruction in that werd, all we have to do is set the data type.
{(defmicro cdd-pc {adcrees)

‘{set-type ,address ctp-odd-pcl}

sTranslate a word address into a PC which points at the first instrustion in that word
{defmicro even-pc {address) :
‘{set-type ,address dtp-even-pc))

:This kiudge is to avoid cenflicts for the magic number field
{defmicro even-pc-except-38-through-28 (address)
ftet ({dtp-code (find-position-in-list *dtp-even-pc ®data-typesx}))
(make-microdata °obus
‘{peraltel , (get-to-obus32 address)
{microinstruction force-chus<33-32> , (i1sh dtp-code -4))
{(microinstruction magic , (logand dtp-code 18
magic-mask 181))) s force-cbus<3l>

iPredicate for checking "low" bit of FC
{cefmicro odd-pc? {pc)
(maxe-micrcczndition "alub-8 *true
(paraiyze (net-to-ybus pc)
*imicroinstruction byte-func (idb 1 32.}))))

:Macroinstruction fields that come in on the B side
{gefatomicro macro-unsigned-immediate

(microdata bbus (microinstruction bbus macro-unsigned-immediate)})

{defatomicro macro-cigned-immediate
(microdata bbus (microinstruction bbus macro-signed-immediate)))

s Two ucrds of magic harduare fields
{defatomicro ubus-crocks-]
{microdata ybus (microinstruction ubus ubus-crocks-1
spec crocks-to-ybus)))

{defatomicro ybus-crocks-2
(microdata ybus (microinstruction ybus ybus-crocks-2
spec crocks-to-ybus)))
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{defucode service-net-tranemit-done

(assign net-b-temp Ynet-free-list) ) .

{paraliel {start-memory write physica! Xnet-packet-being-transmitted)
(assign memory-data (set-type nat-b-temp dtp-fix)))

(assign %net-free-list ¥net-packet-being-transmitted)

(assign %net-packet-being-transmitted (b-constant -1))

(paraliel (set-net-status Xnet-micro-status-idle)
(jump service-net-idle)))

:: Read net status, and increment meters. [f there was an error, throw the packet
;s away, and wakeup the regular process
defucode net-receive-compietion
{stzrt-memory read ?hgsical %net-control-address)
{io-board-bug-deiay
{nop)
{assign net-dma-temp memory-data)l
(if (bit-test net-dma-temp (b-constcnt (get *¥ner-error-mask 'sysconstant}))
{goto net-receive-error)
(drop-throughl )
{assign net-dma-texp {+ Xnet-packet-bein?-re:aived
(b-constant (fielgd-word-offeset 'ether-packet-final-pointer))))
(assi?n net-b-temp %net-wmerory-address)
{parallel (start-memory write physical net-dma-termp)
{assign memory-data net-b-temp))
:: Link onto received list
(assign net-b-temp Xnet-received-lict)
{paraiiel {start-memory urite physical Znet-packet-bein?Treceived)
(assign memory-data (sat-type net-b-temp dt?- ix)))
{assign X¥net-received-list %net-packet-being-received
(assign 4net-packet-being-received (b-constant -1))
{parailel (set-net-status ¥net-micro-status-idle)
(jump service-net-idiel))

t

(defucode net-receive-error

13 Increment counters for the exact kind of error we received

(if (field-bit net-dma-temp %Xnsr-crc-error)
{increment ¥net-crc-errcrs)

{dren - through) )

(it ifiz:id--it net-cma-temp %%nsr-alignment-error)
{increnent 4net-al ignment-errors)
{drop~through})

{if (fieid-bit net-dma-temp ¥Xnsr-preamble-error)
{increment %net-preamble-errors)
{drep-through) )

(if (field-bit net-dma-temp Y%Unsr-buffer-overf!owu)
{increment %net-bufter-overfiows)
{drop-throuch))

{jump reset-net-dmal)

{defucode net-transmit-collision
(start-memery read ?hgsical %net-control-address)
{io-board-bug-delay
{nop
(assign net-dma-temp memory-data)
:; Here increment meters
{increment Znei-collisions)

:: If we nave backed off too many times, fail transmission
(if (equal-fixnum %net-next-backoff (b-constant (1- (Ish 1 (+ 2 15.)))))
{goto net-transmit-failure)
{arcp~through))
13+ Mask for pseudo random number gencration
(assign net-b-temp (logand %net-next-backoff {(b-constant (1- (ish 1 (+ 2 18.)1)))))

;3 Kludging is because we dont have a b-temp to read microsecond cliock into
{disable~tasking)
{paralie! (disable-tasking)
- {for-effect (read-Ibus-dev 36 8)))
33 Backoff is mask & microsecond-clock
{paraliel (dec|are-memory-timing data-cucle)
fassign ¥%net-backoff-count (logand memory-data net-b-temp)))
t3 %net-next-backoff <= (1- (~ 2 n+l})
(paratiei (assign %net-next-backo?f (logior (rotate Ynet-next-backoff 1)
{b-constant 1})) .
(jump start-net-backoffl)})

{defuccde etart-net-backoff
{set-net-status %net-micro-status-backing-off)
(parailel ‘(start-memory write physical %net-control-address)
{assign memory-data (b-constant (get ’'¥nsr-backoff-start ’sysconstant)))})
(paralie! {stzrt-net-dma backoff-timer)
(jump device-service-end)))

{defucode net-tranemit-failure
(parailel (increment Xnet-transmit-cborts)
{jump reset-net-dma)))
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(definstl Xnet-wakeup no-cperand
(wakeup-net-service)

fucode initialize-net
(diphgs-uem-read fa-constant {(get ’'nat-address-l 'virtual-address)))
{z2ssign %¥net-address-1 memory-data) ..
{phys-mem-read {(a-constant (get 'net-address-2 'virtual-address)))
{paraliel (return)
(assign ¥net-address-2 memory-data)))

12 This is separate, since we dont have an extra cycle
(defmicro wakeup-receive-end-service (}
‘{paralie! {assign service-task-regquests
(logior service-task-requests
{b-constant (byte-mask %Iservice-receive-end))))
}?akeup-taak %device-service-task)

::; Thie is the receive end of the nestucrk
{(defaicro check-packet-end ()
*{if lbus-dev-cond
(paraiiel (uokeup-receive-end-service)
(ju:? net-dma-dead) )
{drop-throughi})

{defucode net-receive-dma
31 Starts with ¥net-block-pointer pointin? to the dest-high
(paraiiel {receive-gma %net-blcck-pointer
{check-packet-end))
{paraliel (extra-time-to-drive-~lbus)
(set-net-status ¥Inet-micro-status-receiving))
ss Task suitch
(paraiiel (receive-dma %net-block-pointer nil{)
- {check-packe t-end})
:; Rewind pointer to dest-high
(paraile! (extra-time-to~drive-ibus)
(assign Xnet-block-pointer (- Xnet-block-pointer (b-constant 2}}))
{paraltel (start-memory read physical %net-block-pointer)
(assian Ynet-blcck-pointer (l+ Xnet-block-pointer)))
{parailel (start-memory read physical %net-biock-pointer)
(assign %net-block-pointer (1+ %net-block-pointer));
$: net-dma-temp is the first address word .
{assign net-drna-temp memory-data)l
(if {not (equal-fixnum (ldb memory-data 28 B) ¥net-address-2))
{goto acdrece-miss)
tarop-throughl) .
(if (nct (equa!-fixnum net-dma-temp Ynet-address-1))
{goto address-nmiss)
{goto net-accept-packet}))

:3 Here address corparison failed, check for broadcast or promiscuity
3; net-dma-temp is the first address word
defuccde address-miss
{itf (Idb-bit-test net-dma-temp 7)
{goto net-acce?t—packet)
{crop-through)
3; Here cneck for promiscuity and goto NET-ACCEPT-PACKET
{jump net-ignore-packet))

{defucode net-ignore-packet
{net-control nil t t)
tset-net-status Xnet-micro-status-ignoring)
:s Task suitch
{increment %net-ignored)
(terminate-net-dma %net-micro-status-idie))

(defucode net-accept-packet
{net-control nil t)
(jump net-header-loop})

13: Transfer the header into the packet block
{defucode net-header-inop
(paratiel (receive-dma %net-biock-pointer)
fassign ¥ret-biock-pointer (l+ ¥net-block-pointer))
(check-packet-end))
{paraliel (extra-time-to-drive-ibus)
(asaign Ynet-word-count (1- ¥net-word-count})
(it (not (minus-fixnum obus))
{coto net-header-loop)
33 After the header, the rcv blocks follow directly
{goto net-block-fetch-loop))))

i: Fetch next block pointer and count, and dma one word into it.
33 1f there are no blocks left, return with data-overflow error
defucode net-block-fetch-loop
{paral lef {start-memory read physical Xnet-biock-pointer)
(assign %net-blcck-pointer (l+ %net-block-pointer)))
{parallel {start-memory read prysical Znet-block-pointer)
{assign Inet-biock-pointer {1+ %net-biock-pointer)))
(parallel (assign %net-memory-address memory-data)
(if {minus-fixnum memoru-cata)
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{goto net-data-overfiow)

(drop-tirough)))

(poralie!l {(assign gnet-uoru~count (1- memory-datz})
(jump net-block-ioop)))

i1: Transfer in all the words in this block until packet end
{geiuccde net-block-icop
tparailel (receive-un3 %net-nemory-adiress)
{accign %net-memory-address {1+ %net-memory-address))
(check-packet-end)?

{paraliet {(extra-time-to-drive-lbus)
(assign Anet-word-count (1- Xnet-word-count)}
(if (not (minus-fixnum obus))
{goto net-block=-loop)
{goto net-block~fetch-locpll))

3 Stere acdditional-flags, in packet ue have not dismiscsad by this point
{defuzode net-data-overfiow
; Increment a meter ) .

terminate-net-dma ¥net-micro-status-idie t))

{defuccde net-dma-dead
(ret-control nii t)
__{jump net-dma~deau))

132 Transmit side
i3 This is separate, since ie dont have an extra cycle
(defmicro wakeup-transmit-collision-service ()
‘(parallel (assign service-task-requests
(logior service-task-requests
(b-constant (byte-mask %ZXservice-transmit-collision))))
;7akeup-task %device-service-task

(defmicro check-transmit-collision ()
*{if lbus-dev-cond
(uakeup-transmit-collision-servica)
{crop-through) )}

(defucode net-~transmit-dma
{start-memory read ?hgsica! %net-control-address)
{io-board-bug-defay
{assign Xnet-mcaory-address (+ Znet-packet-bein?-transmitted
(b-constant (field
(if (field-bit memory-data ZZnsr-nct-transmitting)
{octo switch-to-receive) -
(drop-throughl)

{paraiiel (transmit-dma’ %ret-memory-address)

{assign Ynet-memory-address (1+ inet-memory-address))

{check-transmit-collision))
{set-net-status inet-micro-status-tranenitting)
:3 Task switch
(assign Znet-block-pointer (+ !net—packet-baing-transmitted

{b-constant
(field-word-offset ‘ether-packet-xmt-2-address))))

(parailel (start-memory read physical “net-block-pointer)

{assign %net-block~-pointer (l+ Xnet-block-pointer)))
i3 4 words, but'l already done, = 3 ~ 1 = 2
{assign Xnet-word-count %b-constant 2}))
ti nei-dma-temp is the adcress of the first users block
{parallel (assign net-dma-temp menmory-data)

( jump net-transmit-block-loop))}

(defucode net-transmit-next-block
:; Read this blocks count and .the next tliocks address
tparaiiel (start-memory read phusical %net-block-pointer)
facssign %net-block-pointer (1+ 4net-block-pointer)))
{parailei (start-memory read physical %net-block-pointer)
{3ssign %ret-block-pointer (14 4net-block-pointer)))
{a=sign %net-word-count (1- memory-datal}
{paraliel (assinn net-dma-temp memory-data)
{jump net-tranexit-block-locp)))

{defucode net-transmit-block-loop
{paraiiel (transmit-dma Znet-memory-address)
(assign %net-memory-addrecs (1+ 4net-memory-address))
{check-transmit-collision})
{paralie! (assign %net-ucrd-count {l1- %net-word-count)}
(if (not (minue-fixnum obus))
{goto net-transmit-block-loop)
(drop-throughl})
- {paraliei (assign inet-memory-address net-dma-temp)
(if (minus-fixnum net-dma-temp)
{goto net-transmitted-iast-uord)
{goto net-transmit-next-biock)) )}

(gefucode net-tranemitted-tast-uord
i When started here, the last data word is in the shift register, we want
it 1o cZuse it to go to state CRC aftor this word
fparallei {tranemit-dma inet-memory-cadress t t)

check-transmit-collision))

-uord-offset 'ether-packet-dest-highi}})
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i lask euitch . . s
: here t:e CRT is in the output shift register so check for collision
sct-net-status Ynet-micro-status-transmit-done)
caralic! (tranemit-dma %net-memoru-cddress t)

- {check-transmit-collision))
(pa~allel (wakeup-net-service)
(juzp net-dma-dead)})

{
1
{

it hece ue want to switch to receive mode if possible
tCetoicre cuitch-to-receive
i ;haﬂ;? :c receive mode - | %net trol-address)
tca-aite start-memory write physica net-con - g
(assign nemogu-data ?bg:cnstanE (get ;1n:r-rece|ve-start *sysconstant))})
itarailel £si X -b -poi -constan .
@ilel (assign Xnet-plock-pointer (+ b(g?ald-uord-offset *ether-packet-dest-high))
Ynet-packet-being-received})
R (14 {ninus-fixnum ¥Ynet-packet-being-received)
(juzp net-ignore-packet)
{drop=-throuch)))
'373 ~= Tnet-uord-count (1~ {b-constant 2)))
T ot2 ¢s ang uai} for first receive data
TTerizicter ot
'v:73 e {set-net-status ¥net-micro-status-receive-uait)
__ljusp net-receive-dmal)}
i3 %net-backoff-count has the count to back off {units are 12.8 usec)
i: Check to see if packet is coming in
defucode backoff-timer
(start-memory read §hgsical inet-contro!-addrass)
(io-board-bug-delay
nop)
(it (field-bit memory-data %Xnsr-data-valid)
{(noto switch-tp-receive
(¢rop-through)
(net-control nil t)
(paraliei (assiagn ¥net-bsckoff-count (1- %net-backoff-count))
(if (minus-fixnum obus)
(drop-throuch)
{goto backoff-timer)))
3 Hera backoff has expired
terminate-net-dma %net-micro-status-idie}) o
:+ This is logically part of the device service stuff
efucode net-service-locp
(if (pit XAservice-receive-end) .
(paraliel (assign XXservice-receive-end (b-constant 8))
© {jump net-receive-compietion))
{drop=-through) . .
{if (bit XAservice-transmit-collision) .
{parailel (assign Xiservice-trancmit-collision (b-constant B))
(jum? net-transmit-collision))
{drop-through!}
{if (bit XXservice-net)
(dispatch-after-this net-micro-status
(aesign %%service-net (b-constant 8))
;2 These are all functionally ecuivalent, keep hands G6ff dma task
({(XIret-micro-status-transmit-uzit Xnet-micro-status-receiving
inet-micro-status-transmittin Znet-micro-status~-ignoring
Znet-micro-status-backing-off
{jump devicc-ssrvice-end)?
({Ynet-micro-status-idie)
(goto service-net-idie))
((Xnet-micro-status-reset)
(assign Xnet-backoff-count (b-constant -1})
(assign Xnet-packet-being-received (b-constant -1))
(parailel (assign ¥net-packet-being-transmitted (b-constant ~1))
{junp reset-net-dm2)}))
({(Xnet-micro-status-receive-wait)
33 1f we have a packet to transmit, try to
(if (minus-fixnum %net-tranc:it-|ist)
(jump device-service-end)
33 Otheruise, reset and go to idle
(goto reset-net-dmal})
({Znet-micro-status-transmit-done)
(goto service-net-transmit-done))

{

{drcp-through))
{jurp cevice-service-end))

(defucode reset-net-dma
{paraiie! (start-memory urite physical %net-controi-zddrees)
{assign memory-data (b-constant (get °‘%nsr-error—-clear 'sysconstant))))
(for-effect (service-net-control t))
{parailiel {set-net-status %¥net-micro-status-idle)
(jump service-net-idlel))

{cefucode service-net-idie
{paralie!l (start-memory write physical Znet-contro!-address)
(acsign memcry-data (b-constant (gest *¥nsr-error-clear 'sysconstant))))
i1 Aluays prepare a packet to be received into
(if (minus-fixnum Xnet-packet-being-rreceived)
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(caralietl

(2ssign !net-packet-being-rec:ived’!net-free-lvst)
(if (not (minus-fixnum Y4net-free-list))
(seguential )
(phus-mem-read %net-free-list)
(assign %net-free-list memory-datal)
(drop-tnroughl}))
(drop-throughl)
¢ If we can transmit, try to .
it {minus-fixnum %net-packet-being-transmitted)
(paraliel . . Ctoliat)
(assign %net-packet-being-transmitted 4net-transmit-lis
{if {minus-fixnum Xnet-transmit~list)
{drop-t?ro?gh)
sequentia . .
r | {phys-mem-read Anet-transmit-|ist)
(paraile (gsg?gn 4net-next-backoff (b-constant (1- (lsh 1 2)})))
{paralie! (assign Xnet-transmit-list memory-c3ta)l
(jump start-net-transmitter)})})
{ooto start-net-transmitter))
: Otferwise start receiver if ue can .
if iminus-fixnum %net-packet-being-received)
{jurp device-cervice-end)
{drop-througt) } ) .
{set-net-status Zn:t-micro-7ta§us-receiv$-gagt) ecoived
ign 4net- -poi net-packet-being-r .
sssign Znet-black-paintar [+ (bsccgatant (field-word-offset ’"ether-packet-dest-high})))
tassi?n Zn?t-uord-count (1- (b-ccnsta?tzZ)t) trol-address)
peralle! (stzrt-memcry write physical ¥net-co - :
. ¢ l;ssi;n.memogg-data 7bfconstant (get ‘¥nsr-receive-start 'sysconstant))))
(paralie! (start-net-dma net-receive-dma)
{junp device-service-end)))

€

{

{vefuccde start-net-transmitter
(it {minus-fixnum %net-backoff-count)
(2= dp~through) -
(goto start-net-backoff)) . .
{set-net-s%atus Znet-mi:ro-status-traTsiut;ualti | -address)
parailel {start-memory urite physica net-controt- ! ’
lascinn m?magg-data o conatant {get *%nsr-transmit-start *sysconstant))))
{raratlei (start-net-dma net-trznsmit-dma)
(jump gevice-service-end)))

:s: Sequencer special functions

;Hait the machine after executing this microinstructicn
{(defaicro halt (reason)

reason ;ignored

‘{microinstruction spec ha!t))

1Pop a word off of the control stack arnd put it into NPC
(defmicro popj-into-npc ) . .
*{microinstruction sequencer pop-npc spec npc-magic magic 3 magic-nask 3))

;Read the top of the control stack and pop it (also puts it into MPC)
;Read the input to the NPC (taken fram the control stack) onto the Lbus
sand do a microdevice read from a nonexistent device to get the Lbus into
:tne datapath. Use the FEP board subdevice 1 as the nonexistent device
:{this drives !bus dev cond from tha page tags, but doecsn’t drive lbus data).
{defmicro pop-control-stack ()
‘lparallel (reazd-|bus-dev 36 1)
{(microinstructicn spec npc-magic la?ic 1 magic-mask 3 sequencer pop-npc
. speed very-siow))

slrite NPC from Obus: use task-dispatch in next cycle to branch there.
:The spec does al!l the work, but we also need to do 3 bogus microcevice write
iin order to make bus schedul ing happen properly.
;Use subdevice 7 in the FEP board fonly subdavices B-2 exist).
(defaicro long-dispatch {data)
(paralyze (get-to-obus32 datal
{selectq xmachire-versionx
({sim prota)
‘{microinstruction spec npc-magic magic 2 magic-mask 3
Write-lbus obus lbus-dev-3ddr #.(+ 35_5 7)))
(otheruice
‘(microinstruction spec npc-magic magic 2 magic-mask 3 mem microdevics
Write-ibus obus lbus-dev-addr #.(+ 35_5 7)}}}))

;Uses b-temp
{defmicro read-csp ()
{selectq xmachine-versionx
((sim proto) (retch "Cannot read CSP on old machina"))
{otherwise *{sccuential
(paraiie! (assion b-temp (rcad-lbus-dev 38 1)) sRead dummy davice
(microinstruction spzc npc-magic magic 1 magic-mask 3

speed very-siou))
(idb b-temp &4 168.))1}))
1Uses b-temp
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{(defmicro read-cur-task-and-csp ()
{selectq xmachine-versionx .
{(sim proto) (retch "Cznnot read CUR-TASK and CSP on old machine"))
{othernise ‘(sequential- .
{paraliel (assign b-temp (read-lbus-dev 36 1)) ;Read dummy device
(microinstruction epec npc-magic magic 1 magic-mask 3

speed very-siow))
{idb b-temp 8 16.)))))

sHrite into an Lbus device .
iNIL may pe specified for the data, which means ws don’t care what's written
{defmicro urite-ibus-dev (czrd subdevice data)
(setq data (microexpand data))
{paraiyze (and data (get-to-obus data)) .
{microexpanrd ‘{cslect-lbus-dcv ,card ,subdevice))
{selectq xmachine-versionx . .
({sim prote) ‘{microinstruction write-libus cbus})
{{tnc tmcS) ‘“(microinstruction
Write-lbus , (cond ({nuil data) °junk) .
({and (eg (car data) "microdata)
(eq (cadr data) ’'abus)
(fieldp (caddr data) ’abus ’memory-datal)
‘memory-datal
{t ‘cbus))
mem microdevicel) .
{otheruise ‘(microinstruction write-lbus obus mem microdevicel))))

tRead from an Lbus device
{defmicro read-Ibus-dav (card subdevice)
{make-microdata 'ahus
(paraiyze (microexpand ‘(select-lbus-dev ,card ,subdevice)}
(selectq xmachine-versionx
({sim proto) ‘*{microinstruction abus ltus)) .
(otheruise *(microinstiruction abus Ibus mem microdevice
speed slowu-tecond-halfl})l}})
:slou-second-half is because the 10 MD latch on the TMC
sdoes not open until second half, and then the data still
ihave to propagate to _the DP board and through 8334.
sNeed this to avoid GC map parity error.

{defmicro select-Ibus-dsv (card subdevics)
{or (and (fixp card) (<= B card 37))
fand (eyrbolip card) (get card 'symbolic-lbus-siot))

(retch "~S jliegal siot number* card))
{or {and (fixp subdevice) (<= B subdavice 37))
{retch "5 itlegal subdevices numver® subdevice)}

*{microinstruction ibus-dev-addr ,{if (symboip card)
*{,card ,subdevice)
(dpb card 8585 subdavice))))

(defracro define-lbus-card {(name)
‘{evai-uhen (compile load eval)
{(gefprop ,name t symbolic-ibus-siot)))

tHrite the control register on the data path
{defmicro write-dp-contro! f{source}
{(paraiyze (%et—to-cbusSZ source}
‘i{microinstruction spec load-control)))

{defatomicro lbus-dev-cond
tmicrecondition not-ibus-dev-cond false nil}))
133 Tasking

{detmicro read-cur-task ()
{seiectq xmachine-versionx
{{sim proto) (retch "Cannot read CUR-TASK on old machine"))
{ctheruwise *‘(segquential
(paraliel (assign b-temp (read-lbus-dev 36 1)) 1Read dummy device
{microinstruction spec npc-magic magic 1 magic-mask 3

speed very-sion))
(ido b-temp 4 22.1)))) P ymsiow

{defmicro uakeup-task (n)
{setq n {decode-task-number n})
‘{microinstruction spec awaken-task magic-mask 3
magic , {or (find-position-in-list n "(1 2 § §))
(retch “aS illega! task number here” nj)))

(defmicro urite-task-state (n value}
{setg n (decode-task~number n})
{paraiyze (?e;-tDTODUSSE value}
‘{microinstruction spesc write-tack
mem microdevice write-lbus obus Ibus-dev-addr &.(+ 35 5 7}
force-obuc<33-32> , (idb €332 n) -
force-obus<35-34> , (1ddb 8282 n))))

(defun decode-task-number (n)

(and (symboip n) (get n 'sysconstant) (set ( '
for {2ngd (fixp n) (<« B n 17}) sefa n fget n “eysconstant)))

(retch “«5 illegal task number here” n))
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{defmicro dismics () L
‘(microinstruction sequencer dismiss))

sMust be used twice in @ rou to work
(detmicro disable-tasking () i
‘(microinstructicn spec disable-tasking))

scdr-code-insertion harduare .
(dectare (special scdr-codesx)) sin SIM
{defmicro set-cdr {(val cdr)
(let ({cdr-code . .
(if (numberp cdr) cdr (find-position-in-list cdr xcdr-codesx))})
lor cdr-code (retch "~S undefined cdr code” cdr})
(nak?—mic??d?ta('o?u: 0
‘{paralle et-to-obus va
P 3n?croinstruction force-obus<35-34> ,cdr-code)))))

sdata-type-insertion harduare .
{dectare Ispecial xdata-tupesx)) sin SIN
{defmicro set-type (val dip) . . .
{let {{dtp-code (if (numberp dtp) dip (find-position-in-list dtp xdata-typesx))))
{or dtp-code (retch “aS undefined data type" dtp})
(make-microdata ‘obus
*{paraliel , {get-to-obus32 val) p
{microinstruction force-obus<33-32> ,{ish dtn-code =4))
s if {not (memg dtp '(dtg-fix dtp-flcat)))
(let {(num (logand 17 dtp-ccde)))
*(microinstruction force-obus<31-28> ,num
magic ,numl))}}))

;Set-cdr from a 'variable’ rather than a ’constant’
i=-- This and the next could be changed to allow background on BBus also
(defmicro merge-cdr (tuped-pointer cdr-bzckground)
(make-microaata 'obus .
(paralyze (get-to-obus typed-pointer)
{get~to-atus cdr-background)
‘{microinstruction force-obus<35-34> abus))))

sTake low 32 bits from one source and high & from another
(defmicro merge-nigh-tag (typed-pointer tzg-background)
{make-microdatz 'obus
(paraiyze (get-to-obuc32 tuped-pointer)
(get-to-abus tag-background)
*Imicroinstruction focrce-obus<35-34> abus
force-obus<33-32> avbus))))

:Stering into memory

sThe tupe map for normal storing, uhich simply identifies whether or

inct & pointer is being stored. This is what enables the gc tag harduare.
{declare (cpecial =x3storing-type-mapx)) sin UUX

:Store the contents of the currently-addressed memory location, with

igc tag enanled, and with the cdr code coming from elther a constant

ior the cdr field of anothe~ scurce or the same source (if unspecified).

:This 18 different from ass:agning to memory-data, because the

slatter is a louer-level ope-ation which doss not turn on the gc tagging.
;Note that the cata to be stcred is normally assumed to be 3 typed pointer and
:?en;e sust come from the Abus so that it gets to the cdata type

s legic.

:The following ontions may be specified:

ER - Value is knoun not to be a pointer, may come fro: Ebus

: NOT-POINT

H GCK - Increment VMA after storing

H car-code-name - set cdr-code to that

: (CCR scurce) -_oet cdr cede from source {(number, cdr-code name, cor datum)

: UBUS-AS-GOCD-AS-ABLS ~ this kiudge says that gc-map iocking at abus data

: _ instead of obus data will not hurt anything

: . NC-AMzM - this kludge sa2ys that ue won’t be writing a mapped-into-amea address
(defmicro store-contents {(typed-pointer drest options

8aux {cdr nil) (cdr-inst nil) (not-pointer nit) (block nil)
) {obus-~as-good-as-abus nil) {(amem t))

Parse options
list {opt options)
cend {leg opt 'not-pointer) (eetq not-pointer t))

(leq opt *block) {setq biock 1))

((eq opt 'cbus-as-gosd-as-abus) (setg obus-~-2s-good-as-abus t})

{{eg cpt 'no-zmem) (setq amem nil))

{{meng opt xcdr-ccdeck)

(setg car (find-position-in-lict oot =cdr-codese)))

{{and (tistp cpt) (eq (car opt) 'cdr))

3: Decompose irtc cdr, the obus cdr-field forcing, and cdr-inst, other code.

{ectq cor (cadr cpi))

(cond ((numberp cdr))

({meng cdr *cdr-codecsx)
(e2tg cor (find-position-in-list cdr sccr-codesx)))

too
{

i {{eq cdr 'memory-cata)) ;this misfeature has been flushed from the harduare

({and (rot {atom (setq cdr-inst (microexpand cdr))))
{eq (car cdr-inst) 'microdata)
{memg (cadr cdr-inst) *(abus bbus))) sabus-only on the proto...
{setg cdr (cadr cdr-inst)
cdr-inst (caddr cor-inst)))
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(t (retch "~S not a data source that can feed cdr field" cdr)
- {setq cdr nil cdr-inst nil)})}
(t (retch "~5S not a valid cption” opt))))
{paraiyze {cond (not-pointer .
(cet-to-obus tuped-pointer))
(obus-28-good-as-abus
(paralyze
{get-to-obus typed-pointer)

“(microinstruction type-map ,xstoring-type-mapx}))
(t
(paralyze .
p( etgto-abus tuced-pointer) .
'?licroinstruction type-ncp ,xstoring-type-mapx
xbus 3bus
alu xbus}}))
{and cdr ‘(microinstructicn force-obus<35-34> ,cdr))
’ ?355'2;§m *(microinstruction amem-urite-addr (bus-address)))
(selectq xmachine-versionx

i roto) . . .
(%?;mbﬁock {retch "store-contents block option not implemented”))

‘{microinstruction uri‘e-ibus obus
lbus~dev-addr write-memory
trap-enables {(man-miec)
wen start-cycle)
(otheruise
(microexpand (if (not block) .
‘{start-memory write)
‘{start-memory urite block))))}))

sALU operations

sYou get 16 functions of each kind . .
:Things depend on XBUS and ALUB not being weird
(defconst normai-aiu-functions .
*{xbus alub X+1 X-1 X+Y X-Y X+Y+l X-Y-1 and ior xor)) :5 spares

{defconst weird-alu-functions
' (X+l-overflcw X-l-overflow X+Y-overfiow X-Y-overflon
X-Y-signed X-Y-1-signed nand andcy}) :8 spares

(defun alu-microinstruction {(func)
{cond ({memq func normal-alu-functions)
‘{microinstruction alu , func})
{{memq func weird-alu-functions)
‘lmicroinstruction alu ,func spec arithmetic-trap-enb magic 4))
{t (retch "5 undefined ALU function"™ func)}))

sDefine l-operand ALU tunction
sHair so that Ybus operands work, too.
{defmacro defaluopl (name field ycode &optional other-code}
“idefmicrc ,name (x-opnd)
{eetq x~opnd (microexpand x-opnd})
{Faralyze (if (memg (caor x-opnd) *{ybus alub))
{nicroexpand (subst x-opnd 'y *,ycode})
(make-microdata 'obus
(alu-paralyze (get-to-xbus x-opnd)
{(3iu-microinstruction *,field))))
' ,0ther-code)))

:Define 2-operand ALU function (optional third operand is constant 1)
;:1f one-operand? is specified it is code for the one~-operand case
sotheruise require 2 or 3 operands.
(defmacro defaiucp2 (name field
€optional commutative? third-operand? ons-operand?
other-code)
‘(defmicro ,name (x-opnd
+e{if one-operand? ‘(8optional))
y-opnd
,el{if third-operand?
(if (not one-operand?)
*{&opticnal one)
‘{onel}})
,{if third-operand?
*{or {null one) (egual one 1)
(retch "Third operand to «5 must be 1, not ~S" °,name one)))
, (et {{tuwo-cp-code
‘{make-microdata 'obus
(alu-paraiyze ,e(if conmmutative?
*({get-to~-xbus-and-alub x-opnd y-opnd))
‘({get-to-xbus x-opnd) (get-to-aiub y-opnd)})
(alu-microinstruction
o, {if {(not third-operand?) *',fieid
. ‘{if one ', third-operand? *,field}}}}}))
(it (null cthar-code)

(if {(not one-operand?) two-cp-code
‘{if u-cpnd , tuo-op-code
{subst x-opnd 'arg °,one-operand?})})
‘*{paralle!l ,,{if (not one-operand?) twuo-op-code
‘i q__i-opnd » tuo~-op-code
subst x~-opnd 'arg ’,one-operand?)))
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1+ X+1 {xhus-constant-hack X+Y 1 y})

1- X-1 (xbus-constant-hack X+Y -1 y))

+ X+Y t XeY4l)

- X=Y nil X-Y-1 (xbus-constant-hack X-Y 8 arg))
commutative-diff X-Y ¢t X-Y-1)

loevand and t)

legnand nand t)

legior ier t)

lcoxer xor t)

ansc2 andcy nil)

inc-checking-overfiou X+l-overfiou
(xpus-constant-hack X+Y-overflow 1 y)
{microinstruction trap-enables (overflow)))
dec~checkirg-overflonw X-l-overflou
(xbus-constant-hack X+Y-overfiou -1 y)
{microinstruction trap-enables {overtiou)))
a2idd-checking-overflouw X+Y-overfionw t nil nil
{microinstruction trap-enables (overfiow))}
sub-checking-cverflow X-Y-overflow nil nil nil
{microinstruction trap-enables {overflow)})

iUsed internally: ALU can 2iso feed through xbus or alub

iThis piece of hair gemerates an ALU operation with a censtant on
ithe wzuc and an 2rgument on the aiub. The hair is to decide which
smencry to put the constant in.
(detm.cro xtus-cencstant-hack (alu-op constant y~-opnd
{setq u-opnd (get-to-alub y-opnd})
(make-microdata 'obus
(alu-paralyze ¥-opnd )
get-to-xbus (if {uscs-bbus y-opnd) ‘(a-constant ,constant)
*{b-ccnstant ,constcnt))) )
‘{microinstruction alu .afu-opi)))

(defun uces-bbus (instruction)
{cond (ieg {car instructior)
{uses-bbus {(car (last instruction))})
({eq {car instructicn) *microinstruction)
({loop for (field value} on (c2~ instruction)
thereis (eq field 'bbus)}) ’
({eq (car instructisn) ’micrcdata)
{uses-bbus {cadg- instruction)})
(t fretch “uses-bbuc: Unat da fuck is dis? —- 5"

'microsequence)

instruztion})))

tdefun afu-paralyzel {inst)
{selectq {(car inst) -
{{microinstruction)
{and (memq (get inst "alu) *(X+Y X-Y X+Y+1 X=Y-1 X+Y-overfiow X-Y-overfiou
X-Y-gigned X-Y-l-signed))
(selectq (get inst 'ybus)
(abus (selectq {get inst *abus)
({aiem) liet ((a (get inst 'amem-read-addr)))
{or (atom a) (neq (car a) 'constant))))
({memory-data memory-data-force [bus rap) t)

{otheruise nii))) ibases, vma, pc are fast
(bbus (selecty {get inst "bhus)

{{pmem) Tlet ((a (get inst *bmem-read-addr}))
. for (atom 2) (neg f{car a) 'constant})))
{otheruice nil)))) smacro-immediate’'s are fast

) t)(setq inst (paralyze inst ‘(microinstruction speed slow-second-halfl)))
ins

{(microsequence)

{cons 'microsequence (mapcar 8’ alu-paraluzel {edr inst)}})

{otheruise (retch “~S not a microinstruction® inst)})) _
$:: Support for byte fisids

(defmacro byte-mask {(ppss)
topp -1
{cond ({numberp ppss)}
({not (get ppss "byte-field))

{retch “~5 not a defined bute field" ppes))
. {{car (get ppss 'byta-field))))
(defun byte-pp (ppes)
(Ish ppss -g))

(defun byte-ss (ppss)
(logand 77 ppss))
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{(defun byte-pp-reflectad (ppss)
(logand 37 (- 48 (bute-pp ppss))))

{defun byte-numbers-to-ppss (n-bits bits-aver)
(+ {isn bits-over 6) n-bits}

{defmacro defatomic-byta-field (name bute-specifier register)
{let {{xpacktracex (cons ‘({defatcmic-byte-field ,nace)) shacktracex})
ppss (if (listp byte-specifier) ' .
{byte-numbers-to-ppss (first byte-specifier) (second bute-specifier))
(car (get byte-specifier "byte-~fiaid))})) .
{or ppes (ferror nil "«5 not defined as a system byte" byte-specifier))
‘{evai-uhen (compile load eval)
(defprop ,name (,ppss ,register) byte-field)
(defatomicro ,name
., (make-microgata "atud
{paraiyze (?et-tc—gbus register}
‘{microinstruction

byte-func (idb , {byte-pp-refiected ppss)
, (byte-gs ppse))))))?))
{defracrc def-byte-field (name byte-specifier place)
(et ((sbacktracex (cons ‘{(def-byte-‘ieid ,name}} xbacktracex))

{ppss (if (listp byte-specifier)
(byte-numbers-to-ppse

(first byte-specifier) (second byte-specifier))
{car (get byte-specitier 'byte-field)})})

{or ppss (ferror nil “~5 not dafined as a system byte" byte-specifier))
‘{evat-uhen (compile ioad evall

(deforop ,name (,ppss) byte-field}

{cetmicro ,name (.pla:e)
{make-microdata "atub

(paralyze (get-to-ybus ,place)

'imicroins}ruct}?g (but flestes ,
byte-func b ,’, (byte-pp-refle=te es
v :'.(bgte—ss ppss))))))??)

:Use this to define the a-list of symbolic dispatch cues associated with a field
(defrmacro associate-dispatch-cues (field-name enumerated-type-name)
‘{eval-unen (compile load eval)

(defprop , field-name ,enumerated-type-name enurerated-type-name)))
sUce this to define them as atomicros that are B-constants
{defmacro define-enumerated-value-constants {enurerated-type-namne)

(let ((codes (get enumerated-type-name ’enumerated-tupe-codes))}
(if (nul!l codes)
(ferror nil

"~5 not deciared as an enumerated type" enumerated-typs-name))
‘{progn ’'compile
. +{lcop for (code . value)

in codes
collect ‘{(defatomicro ,code

{b-constant ,value}})}))
Similar, for werd cffsets in a defstorage
defmacro define-storage-uord-offset-ccnstants (dsfstorage-tupe-name)
{iet ({fields (get defstorage-type-narme 'defstorage-fields))
(if (null fields)
(ferror nil “~S not deciared as a defstorage type" defstorage-type-name))
‘(progn 'compile
« ,llocp for field in fields
collect

{

‘{defatomicro ,field
b-constant , (field-word-offcet field)})})))
;Similar for a sinnle constant defined with defsysconstant
{cefmacro define-sysconstant (name)
{or {get name 'sysconstant) (terror nil "~5 not declareg with defsysconstant”))
‘{defatomicro ,name
(c-constant , (get name *eysconctant))))

B

335 Micros for more direct access to the shift/mask/n
{gefricro rotate (opnd feft-amt)
(make-microdata *alub

srge logic
(paralyze {(got-to-ybus opnd)

*imicroinstruction byte-func {ldb ,left-amt 32.1)})))
{defmicro ldb (cond n-bi

f ts bits-over &cctional background)
(it {equal background 8) (setq background nil
{validate-byte-specifier n-bits bits-over)
moke-microdata ‘alud
{paralyze (?et-to-gbus opnd)
) *imicroinstruction

byte-func (idb , {selectg bits-over

(byte-r macro) bits-over)
b!gtheruiee (logand 37 (- 48 bits-over})))
n-bits

) +elif background *{(merne))))
(if pbackground (get-to-xous background))}))

{defmicro dpb {opnd n-bits bits-over background)
(it (equal backgroundg B) (setq backeround nii))
{validate-pyte-zpecifier n-bits bits-over)
{make-microdata "alub
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(paraiyze (get-to-ybus apnd} . )
‘Imicroinstruction byte-func {dpb ,bits-over ,n-pits
+@(if background ‘(merge))))
{if background (get-to-xbus background})}))

Alternate version of LDB used by certain hacks (subprimitives)
Allows uou to taka advantage of the fzzt that bytes split across the
eng of the word work (i.e. it really is a rotate followed by a mask).
defmicro strange-icb (epnd n-bits b)te~-over &o?tional background)
(if (equal backgrourd b) {setq background nil))
(make-microdata *alub
{paraiyze (get-to-uybus opnd)
‘{microinstruction
byte-func {ldb .(log?nd 37 {- 40 bits-over))
sN-Bits
.e{if background *{merge))))
{if background (get-to-xbus background))]))

iEnsure that the specified byte lies within the low 32 bits and is otheruise fegal.
(defun validate-byle-specifier (n-bits bits-over)
(or (suymboip n-bits)
(<1 n-bits 32.)
(retch “The number of bits, 5, is not betueen 1 and 32.* n-bits))
{cr {symboip bits-over) :
(<8 bits-over 31.)
{retch “The bit position, ~S5, is not betueen 8 and 31." bjts-over))
{or (sg::ole n-bits) (sumbolp bits-over) (g (+ n-bite bits-over) 32.)
{retch "The byte specified at o5 ~S overiaps the 32-bit word bcundary"
n-bits bits~over))}

tinvoke special hair in the SHFISK8 PAL
{defmicro corplemented~sign-bit (opnd)
‘lparaite! (ioo ,opnd 1°31.) .
: {microinstruction spec aiub-sign-hack)}})

iGet 2 byte by neme rather than by bite,bits-over.
(defmicro idb-field (operand field-nama doptional (background 0))
(nultiple-value-bind (n-bits bits-over)
(ceccoe-byte-field-cpecifier field-name)
‘(idb ,operand ,n-bits ,bits-over .background)))

(cetmicro cob-field {speraznd field-nare background)
{multiple-vaiue-bind {n-bits bite-over)
{decode-byte~fieid-specifier field-name)
*(dzb ,operand ,n-bits ,bits-over .background} )}

(defmacro ich-field (operand field-nama)
tlet ({ppss (car (get field-name "byta-field))))
{cr ppss (ferror "~S is not a defined byte fisid" field-name))
*{ldb ,ppss ,operand)))

{defracro deb-field {operand field-rame back round)
(iet ((ppss {car {(get field-name ‘byte-field))))
(cr ppss (ferror “aS5 is not a detned byte field" field-name))
*{ogd ,operand ,ppss ,background))}

{defracro field-mask (field-name)
{let ({ppss (car (get field-rame "byte-field))))

{or ppss (ferror “aS is not a definesd byte fisld" field-name))
{dpb -1 ppss £)))

{defricro field-bit {operand field-nars)
{multipie-value-bing (n-bits bits-cver)
(cocode-bute-field-crecifier fiold-name)
fer {= n-pits 1) (retch "~S is not a single-bit fic!d" field-name)}
(make-microconditioen 'alub-8 'trus
{(paralyze ‘(microinstruction
byte-func (ldb , (logand 37 (-~ 48 bits-over)) ,n-bits))
(get-to-ybus operand)i})}

{defun decode-byte~field-cpecifier (field-name)
(et {{pp3se (car (net field-name "byte-fieid)}))
tor prss {retch "5 is not a defined cuyte field" field-name))
{vaiues (lcgand 77 ppac)
fleth ppss -c))))
i3: Since the proto machine is dead, don't bother checking.
(defatomicro byte-s
(1db ybus-crocks-2 § 24.))

(defatomicro byte-r )
(1db_ybus-crocks-1 § 24.))

s3: Multiplication

Reading out the 32-bit signed product of X and Y registers
defatomicro mpy-produst
{micrcdata xous
(microinstruction xbus protuct
spec multiply
B3gIT «
speed vory-siow)))

{
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sMultiplier input registers here nomed after the busses they are
son, rather than the TRW narzs ¢hich cre rgxcrﬁed.

:Loading the multiplier is not dene wits ASSIGH, mainlu becousa
;0f the weirdnecs that it loads frem the =high- half ot Ybus,

sHriting into the X regicter, signed cr unsioned
{defmicro urite-mpy-x (x-source foptional signed}
{paralyze (get-to-»pus x-cource) )
‘?mu:roinstru::aon spec mu'tiol
magic , (i signed § 2)}))

thriting into the Y register, signed cr unsigned .
(cefnicro urite-mpu-y-from-high {u-source &opticna! signed)
{paraiyze {(get-to-ybus y-source X
. ‘Imicroinstruction spec multiply
magic , {if signed 11 1))))

t3: Main memory

{defatomicro memor%-data :
{microdata abus (m

:The virtual-address register
{defatcmicro vma
{vma-kludgel})

icroinstruction abus memory-data amem-read-addr (bus-address))}))

1For temporary memory controlélcannot read back harduare YMA, so keeb copy in A-memory

{defareg-at-loc a-vma-copy 2581) sLocation kiudgily known zbout...
{defmicro vma-kludge ()
(if {eq xmachine-versionx 'protol
*a-vma-copy
‘(microdata abus (microinstruction abus vmal)))})

tAlso there is hair in ASSIGN

:Start a memory cycle
i0o this the cycle after icading vma

:The modes argument says what kind of cycle. It is not used on the proto machines

sthe kind of cycle is datermined by what you do in paraliel with this.
:See the microcempiler documentation for the modes.
{defmicro start-memory (&rest modes)

(seiectg sma2chine-versionx

{{sim proto} ‘(microinstruction trap-enabies (map-niss) mem start-cuycle})

{(tmc tmcS)
{ilet ({direction nil}
(physical-address nil)
{spec nil)
(dma-device nil)
{plock nil)
(ifetch nil)
{inst nil))
{loop unti! (null modes)
as mode = {(pop modes)
do (selectg moce
{{read urite)
{(if {rull direction)
{sety direction mode)
(if spec {retc:. "Conflicting spec funcs: 5 and 5"
spec 'chack-write-accees))
{setq direction 'read epec ’check-urite-access)))
(physical
(it {nut} modes) (retch “No physics! address specified”))
(setq physical-address (pop modes)))

ma
(if (null (cdr modes)) {(retch "No OMA card//subdevice specified®})
{if spec {retch "Conflicting spec funcs: 5 2nd ~S5* epec mode))

(setq dma-device (iist (pop modes) (pop modes))
spec 'dma))
((inhibit-page-tags 2ddress-phte)
(if spec (retch
{setqg spec mode))
(bizck
(setqg block t))
{instruction-fetch
(setq ifetch t))
{otheruise (retch "5 unrecoanized START-MEMCRY mode™ mocde)
{or directicn (retch "Neither REAU nor
{cond ({not phusical-acicress))
{{rull spec) {(setq spec 'addr-from-abus})
{{not (merg spcc 'f{oma inhibit-page-tags)})

Conflicting spec funcs: ~S 2nd 5" spec mode))

RITE specified in START-MEMORY"

{retch “Conflicting spec funcs: ~5 and ~S5" spec 'addr-from-abus)))

(and block spec

{retch "Combination of bleck mode and special memory features is illegal™)

{setq inst (list 'mem (if (not tlock)

{cond (ifetch

(if (eq cirection ‘read) °'start-read 'start-write)
(if (cq direction 'read) ’'block-read 'block-writel)))

(it cpec (retch “Conflicting epec funcs: 5 and ~S5" epec 'ifu-control))
(eetg inst
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{(i7 (eq xmachine-versionx ’tmc)
(listk ’'spec 'ifu-control 'magic 8 'magic-mask 1 inst)
¢ (listx "spec 'ifu-control 'magic 2 'magic-mask 3 inst))))
cpec
(setg inst (listx 'spec spec inst))})
(setg inct (zons 'microinstruction inst))
(if dma-davice
(setg inst ‘(parsilel (selcg;;lbus-dev , (car dma-device) , (cadr dma-davics))
,inst
(it physical-add-ese
3 lized extra time when taking addr from amem, and cannot use addr-calc
¢ harduare, in order to get enough address-tc-clock setup time
ler (lagdr (aet-to-abus physical-address)))
{or {atcm f{ceot addr ‘amem-read-addr))
(eq (car (g2t addr 'amem-read-addr)) ‘constant)
(retch "~S7is too siow a3s a source of physical address®
physical-addrecs)}
_._leetq inst ‘(pzraliel ,addr

.inst
{microinstruction eneed slcu-first-haifl})))
1: Need extra time when using the map cache becausz it isn’t fast enough
{setq inst ‘(paraliel ,inst :
(microinstruction speed s!lou-first-half)}))

'(

inst}) : .
{otheruise {retch "0Oon't know how to do START-MEMCRY on this machine."))))

{defmicro nep () .
‘{microinstruction))

;Use this at a surroutine which is jumped to with the memory going,
1 to defeat bogus error messzqes when ucu knouw what vou're doing.
sNote: this doesn’t distinguish betueen 10 and emulator tasks.
(defmicro cdeclare-memoru-timing (Srest states)

(colist (state states]

tor {memg (if (and (lictp state) (eq (car state) '"next) (= (length state) 2))
(cadr state) state)
*{ective-cytie data-cycle))
{retch "S5 illega! memory timing state: use ACTIVE-CYCLE or DATA-CYCLE" state)))
‘{microinstruction declare-memory-timing ,states))

{(defmicro dcclare-sneed (speed)
tor (merq speed "(slow slou-first-half slou~second-half very-glou))
{retch "~S rot a lega! epeed name" epeed)
‘{microinstruction speed ,speed))

;Aléoged transport tupes are:

ATA atl invisibles, error if null or header
WRITE all invisibles, no trancsport, error if header

CoR cnly header/body forward invisible, no transport, error if header
BIKD evct not invisiole, errcr if header

BI'D-URITE evcp not invisible, no transport, error if header
EADER header-fcruard invisible, transpert, other tupes error
HEADER-OR-DATA  sare as HEACER but no error if nmon-header type
does rot actually transport any nornai-data word it seec

@0 #5 00 40 4o we we 45 0 e 90 o wo vo 0

NO-TRAP ? - the A machine uses this in one place, | don’t think we need it
SCAV no invigible pointers, no errors, trancnort
For trancport, the tupe map is:
Reguiar pointer => COND (enabies oldspzce check)
Invisible-pointer => COND, TRAP-2 {oldspace overrides invisible)
Bad type => TRAP-3 (e.g. unbound-variable error)

{defmicro transport (8cptional (trancport-type ’data))
lor (memg transport-tupe '(d2ta write cdr bind bind-urite header header-or-data scav))
{retch “S illegal transport-tune" transport-typel
(paralyze (get-to-abus ‘memorg-data?
‘Inicroinstruction type-map , (type-map~for-transport transport-type)
trap-enabies (transport)
error~table {bad-data-type))))

(defconst transporter-type-map-alist nil)

:Note that this function has to be medified if zdata-typesx is changed!
t=~- dtp-monitor-foruard not put in yet
(defun type-map-for-transpert (transport-tupe
#1 8aux #U (default-cons-area working-storage-area)) ;:Sigh....
{or {cdr (assq transport-tuype transporter-type-map-alist)
{let ({invisible-pointer-types
{selectg trans?ort-tgpe
({data write) ’({dtp-external-value-ceil-pointer dtp-one-q-foruard
dtp-header-forward dtp-body-forward))
({bind bind-urite) ’{dtp-one-q-foruard dtp-header-forward dtp-body-forward))
({car) * (dtp-header-forward dtp-body-foruard))
{(header heacer-or-data) '{dtp-header-foruard))
{{scav) nil))}
(error-tupes
(selectg transport-typs
((gata) ' (dtp-null dtp-11 dtp-13 dtp-14 dtp-15 dtp-16 dtp-17
dtp-header-g dtp-header-i dtp-mcnitor-foruard
dtp-72 dtp-73 dtp-74 dtp-75 dtp-76 dtp-77)}
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{{cdr) " {dtp-11 dtp-13 dtp-14 dtp-15 dtp-16 dtp-17
dtp-header-p dtb-header-i_dtp-mcnitor-foruard
dtp-72 dtp-73 dtp-74 dtp-75 dtp-76 dtp-77))

(!urite bind bind-urite)

(dtp-header-p dtp-header-i dtp-11 dtp-13 dtp-14 dtp-1S dtp-16 ?tp-l?

dtp-monitor-foruard dip-72 dtp-73 dip-74 dtp-75 dip-76 dtp-77))

{(header) (types-other-than ' (dtp-header-foruard dtp-header-p dt?;header-i)))

({header-or-data scav) '(cdtp-1l1 dtp-13 dtp-14 dtp-15 dtp-16 dip-

(requiar-pointer-types
(selectq transport-type
({wurite bind-urite cdr header header-or-data) nil)
((gata) ’(dtp-nil dtp-sumso! dtp-extended-number dtp-iccative
dtp-list dtp-compiled-function dtp-array dtp-ciosure
tp-instance dtp-even-pc dtp-odd-pc})

dtp-72 dtp-73 dtp-74 dtp-75 dtp-76 dtp-77))))

d
((bind) °{dtp-nuil dtp-nil dtp-s?mbol dtp-axtended-number dtp-locative

dtp-external-value-cell-pointer
dtp~list dtp-compiled-function dtp-array dtp-closure
dtp-instance dtp-sven-pc dtp-odd-pc)])

{(scav) ’{dtp-nul! dip-nii dtp-sumbol dtp-extended-number dtp-locative
dtp-external-value-cell-pointer dtp-one-q-foruard dtp-header-foruard

dtp-list dtp-compiied-function dtp-array dtp-closure
dtp-instance dtp-header-?
dtp-even-ps dtp-odd-pcl)l)))
(iet {(map (ncenc (and invisible-pointer-tupes
*({,invisible-pointer-tupes pointer trap-2}))
(and regular-pointer-types .
‘({,reguiar-pointer-tupas pointer}))
(and error-types
‘({,error-types trap-811})})
(pu;?)}cons transport-type map) transporter-type-map-alist)
map

F:>Imach>ucode>uu.1isp.429

s33 Jumping all over the place

:Note that the condition field is aiso reievant to next-microinstruction
iseiecticn. The skip-true-sequence 2nd skir-false-sequence fields get boiled
;doun to the next-microaddress field, with placing of microinstructions at
ssuitable addresses and duplication of microinstructions in some cases.

:Note that IF and DISPATCH may be used at the same time, and in this case the
:IF's skip modifies the NPC rather than the next-microaddress field. The
smicroassembler has to be cware of this and put instructions in the appropriate
splaces.

(defmicro cali (uccde)
‘(microinstruction sequencer pushj jump-sequence ,ucodel}

(defmicro jump (ucode)
*{microinstruction next-sequence ,ucode))

(defmicro return ()
‘{microinstruction sequencer popjl})

(defmicro return-skip (pred)
(letx ({(test (microexpand pred))
{skip (cond ((neq (car test) °*microcondition)
{retch "S5 expanded into ~5, not a valid microcondition”
pred test})
({memq {(cadr test} valid-skip-conditions) (cadr test))
(t {(retch “~5 invalid skip condition in 5"
{cadr test) pred)))}))
{or (eq {caddr test) 'truej

(retch “~S is a reversed-sense ekip condition, illegal in RETURN-SKIP" pred))

{parailyze (cadddr test) .
‘{microinstructicn condition ,skip sequencer popj return-skip t})))

:This makes the return address of a call be the pending diepatch.
:This is just for the simulator. The rec! harduare can’t avoid doing this.
{defmicro call-ard-dispatch-upon-return (ucode)

‘{microinstruction sequencer pushj-return-dispatch jump-sequence ,ucode))

{defmicro ca!l-and-return-to (ucode return-to)

‘{microinstruction sequencer pushj jump-seguence ,ucode next-sequence ,return-to))

(defmicro call-and-return-ekip (ucode normal-return skip-return)
‘{microinstruction sequencer pushj jump-sequence ,ucode

return-true-seguence ,skip-return return-false-sequence ,normal-return))

:Call in combination with a skip
{defmicro call-select {(ccndition true-cubroutine false-subroutine)
*{parallel (microinstruction sequencer pushj)
(if ,condition

J{i1f {atom true-subroutine) ‘s?oto , true-subroutine) true-subroutine)

L{if (atom false-subroutine)

goto ,false-subroutine) false-subroutine))})
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;Cerbination of that and call-and-return-to
tdefmicro call-select-and-return-to (condition true-subroutine false-subroutine return-~to)
‘(paraliel (microinstruction sequencer pushj next-gequence ,return-to)
(if ,conditicon
+{if (atcm true-subroutine) ‘(goto ,true-subroutine) trus-subroutine)
o(if (atom false-susroutine) *{goto ,false-subroutine) false-subroutine))))

tReally ifu & no popj. Harduare makes the distinction when stack is empty.
{defricro next-instruction
‘{microinstruction sequencer next-instruction))

(defmicro increment-pc ()
{celectg xmachine-versionx
({tuc) ‘{microinstruction epec ifu-control magic 1 magic-mask 1))
{({tmeS) *(microinstruction spec ifu-control magic 3 magic-mask 3))
{otherwise (retch "I don"t know how to do this except on THC machine™))))

$:3 Tempcrary uvntil real IFU
3i: Takes 2 cycles and can’t be done in parallel with octher things
333 Use a subroutine to save microcodz epace
{(defmicro increment-fake-pc
‘{call-select {(odd-pc? pc)
{paralle!l (assign ?c {set-type {1+ pc) dtp-even-pc))
(return) :
(paraliel (assign ?c {set-type pc dtp-odd-pc})
(return))))

: Add an offset to the PC, using the special format of offset used in branch instructions
efmicro pc-add (base-pc magic-offset) -
‘lperailel (+ ,base-gc (rotate ,magic-offset 37))

(microinstruction force-cbus<33-32> 3))) sdtp-even-pe/dtp-odd-pc

e
Q-

Add en offset to the PC, using an ordinary number as the offset

cffset can be one argument, or tus arguments (the second being 1)

Uses b-temp-3 {but either argument being b-temp-3 is okay)

fmicro pc-plus-number (base-pc &rest offsat)

(sequential (assion b-temp~3 (+ (3l fuord-pc ,base-pc) . ,o0ffset))
(word-pc b-temp-3)))

Q.
oD oo wo o

This micro assigns to the PC and does whatever elze is necessary to make the
IFU happy. For now, just next-instruction. For the TMC IFU, will start a
2-uord read and wait ior the appropriate length of time, then NEXT-INSTRUCTION.
Other code to be done in parallel uith the memory access may be supplied.
{defmicro set-pc (new-pc &optional other-code)
{seiectq xmachine-versionx
{{sim proto)
{(if other-code
‘{sequential (assign pc ,new-pc)
(parallel ,other-code
{next-instruction)})
*(parallel {assign pc ,new-pc)
{next-instructionl’)}})
{{tmc)

(if (null other-code) :This instructicn is completed, PC may advance
‘{paraliel
{assign pc ,new-pc)
(clear-stack-adjustment)
(jump ifu-empty-irap-1))
‘{sequential

-
.
.
’
.
3
.
’

(assign vma ,neu-pc) :Check for page fault first, because the TMC
(start-memory read) :doss not_have 2 separate EPC
(assign pc ,nen-pc) sNow set PC (and V1A again) for real

(paraliel ,other-code
{start-memory read block instruction-fetch))
(start-memory read block instruction-fetch) sActive(l}

{nop) sDatafl),Active(2)
(next-instruction)))) :Decode (1}, 0ata(2)
((tmcS)
*{cegquential
(assi?n pc ,nen-pc) sAssign to DPC and YMA (leave EPC alone)
(parallel ,other-code
(start-memory read block instruction-fetch))
(start-memory read biock instruction-fetch) sActive(l)
{riop) sDatafl),Active(2)
{next-instruction))}) sDecodefl),Data(2)
{otheruise {(retch "5 machine version not handled yet" smachine-versionx))))
Set the PC at uhich execution wiil restart if this instruction is pclsred
o instruction fetch is done since that PC will normally not be used

:The PC must be at an even halfuord (usually it is an escape function)
:ACCEPT-RESTART-PC must be done in the next cycle (or some later cucie before it's needed)
(defmicro restart-pc (new-pc)

(selecta xmachine-versionx

{isim proto tmc) . +PC will get backed up if pcler, so advance it
‘lassign ?c (odd-pc ,new-pcl))
((tmeS Tfu

‘lassign pc (even-pc-except-38-through-28 ,neu-pc)))
(otherwice (retch "~S5 machine version not handled vet” smachine-versionx))}))

°
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sAccept the restart PC into the EPC from the DPC/IPC, and increment the OPC/IPC past it.
{defmicro accept-restart-pc
{selectq xmachine-versionx
{{sim proto tmec) nil)
({tmeS ifu) ‘(increment-pc)) . . . .
{othernise (retch “~S machine version not handled yet" smachine-versionx))))

(defmicro lisp (form) .
‘{microinstructicn escape-to-lisp ,fora))

(defmicro signa!-error (&rest code)
‘{error-if true . ,code))

:(trap-if <cond> (signal-error <srr>}) but saves an instruction
{defmicro error-if (condition &rest error-code}
‘{paraliel (trap-if ,condition {(goto error-trap))
(microinstruction error-table , (copylist error-code)}))

{defmicro signai-error-no-restore-stack (&rest code)
‘{error-no-restore-stack-if true . ,code})

(defmicro error-no-restore-stack-if {(condition &rest error-code)
‘{paraliel (trcn-if ,condition (goto error—trap-go-restore-atack))
(microinstruction error-tabie , (copylist error-code)})).

;'field’ scmehow selects a field . .

:1t can either be a microdata on the alub, using normal field selection, or

sit can be 3 microdata on the alub which ssiects one of several special &bus

sfields, or it can be one of the follcuwing epecial forms:

H {cdr-code <a-opnd>)

: ..more in the future?..

;:The value of the dicpatch field in the resulting code is the symbol alub or

: one of several special sumbols for the special dispatches, .

i '‘clauses’ are something like selectqg clauses. car of each one is a

: lict of eymbolic or numeric values, cdr of each one is 3 microcode

3 sequence or 2 defucode tag, as with IF,

(defnicro dispatch-after-next (field &rest clauses) .
(multiple-value-bind {ufield magic code sumbolic-cues-alist)

(expand-dispatch-field field)

.

‘{parallel
,cooe

{microinstruction
dispatch ,ufieid
magic ,magic wagic-mask 7’
dispatch-tanle {,ufieid .
, (expand-diepatch-ciauses ciauses symbolic-cuec-alist))})))

(defmicro dispatch-after-this (operand this &body c!auses)
‘(sequential
{cispatch-after-next ,operand
,eclauses)
(parallel
Lthis
{take-diepatch)}))

{defun expand-dispatch-fietd (fieid 8zux efieid code tem table alist)
ireturns dispatch field, magic number field, other microcode, sumbolic-cues-alist
(setq alist (get (or (pet (if (sumboip field) field (car field)] ’enumarated-type-name)
(and (listp field) (eq (car field) ’ldo-field)
(get (caddr fielid) ’enumerated-type-namel})
. 'enumerated-tU?e-ccdes))
{cetq efield {(microexpana fieid))

(setq tavie ’ ({3404 . abus<31-28>) 12 array regicters
(2664 . abus<z5-22>) +3 array-dispatch
(2204 . abus<2l-185) :4 array-type

(G833 . abus<Z-B>))) 1S function calling
(cond ((atom efield) (retch “Gartage dispatch field: a5 ae 5" field efield))
::Speci2l forms
({eq (car efield) ‘cdr-code)
fvalues 'cdr-code 1 iget-to-abus {(cadr efield)} alist))
{{not {and (eq (car efield) °‘microdata) (eq (cadr efield) "alut)})
(retch "Garbage dispatch field: ~5 == &5" ficld efieid})
s:Special agbus fields
(fand (fieicp (setq code {(caddr efield)) ’ybus ®abus)
(setq tem {assoc (dpb ég’ga (second (get code 'byte~func)))
(third {get code 'byte-funcl))
tabiel})
(values (cdr tem)
{+ {find-pocition-in-list tem tatie) 2)
(Todnf&-ccde cade *({ybus nii) (byte-func nill)})
alist}
s:Normal field extraction through alub
(t (values "aiub @ coda alist)});

(associate-dispatch-cues cdr-code xcdr-codess)

;Car of clause is list cf seiectors

:Cdr of clause is body of a sequence, or goto special! form like if

(defun expand-dispatch-clauses (clauses symbolic-cues-alist)
{mapcar &' (lamtda (clzuse)



4,887,235
243 : 244

(1ist (expand-dispatch~-cues {car clause) symbolic-cues-alist)
(cond ((and (= (length clause) 2)
{not {(atom (cadr clausel}))
(eq (caadr clause) 'goto))
{cadadr clause))
(t (microexpand *‘(sequential . ,{cdr clause}))})))
clauses))

{defun expand-discatch-cues {(cues sumbolic-cues-aiist)

(if (eg cues 'otherwise) cues

(loop for cue in cues
collect {(cond ({numberp cue) cue)
({cdr {2ssy cue symbolic-cues-3list)))

, (t (retch "~S unrecognized dispatch cue” cuel}))))})
:Dispatch only takes effect if this is executed in the following cyctle.
{(defmicrc take-disgatch ()

“{microinstruction scquencer take-dispatch)! :i.e. CPC from NPC

:3; Definition of closed microroutines

{defprop defucode "Microcode routine” si:definition-type-name}
(defprop defucode-at-loc defucode zuei:definition-function-spec-type)
{defrrop definst defucode 2uci:idefinitien-funztion-spoc-type)
(defprop definctl defucode zwei:definition-function-spec-type)

(declcre (xexpr microcoqe-to-lis?-fun:tion sSuppress compiler uarhing
check-microcode)

13 defuccde defines a microroutine which can either be jumped to,
;s called, or trapped to. ‘name’ is 3iways a symbol.
+; The body has an implicit ‘sequential’.
defmacro defucode {(name &boly bod?)
(defucode-1 'defucode name body)

: loc is a number which is either 3@ single location or 3 list of
: locations; the first microinstruction will be replicated through
;33 those locations.
{defmocro davucode-at-loc (name loc &body body)
{defucode-1 'defucode-at-loc name body loc)?

;3: definst defines the microcode to execute a particuliar mazroinstruction

; It is very much |ike defucode but stores the microcode in a different table

;33 Put in the {(next-instruction) yourself if you need it, or use definstl

{defmacro definst (name format-and-attributes &body body)

{validate-definst name format-and-attributes)

{defucode-l 'definst name body {(if {atom format-and-attributes) format-and-attributes
{car format-and-attributes))}))

t; Like cdefinst but defines a l-cucle instruction. Aill clauses of the body
13 are done in parailel, and the Inext-instruction) is put in automatical iy.
defmacro definstl (name format-and-attributes &body body)
‘{definst ,name ,format-and-attributes
{paraile! ,abody
lnext-instructionl))))

{

{defun defucode-1 (fliavor name tody &optional data)
{tetx ({(xbacktracex ‘({,flavor ,name))) .
(microcode (microexpand ‘(eequential . ,body)))}
(setq xtop-level-codex microcode)
{check-microcode microcode name)
*(progn ‘compile
,elif (eq data '18-bit-immediate-operand)
{(loop for i from B beiow &
ncone (defucode-2 flaver name microcode data 1))
(defucode-2 flavor name microcode data)
', name)

{defun defucode-2 (flavor name microcode data &optional (offset 8) &aux (iname name))
(arnd (plusp offset) (setq iname (fintern "~A-~0" name cffset)))
(let ({iisp-nare {fintern '|{~A-LISPMICROCCOE| iname)))
‘{,a({cond ((eq xmachine-versionx "sim)
(ncone (if (eq flavor 'dafinst)
{ncons ‘(defprop ,iname ,lisp-name micro-executor)})
(ncons {(microcode-to-lisp-function |isp-name microcode #2 iname))}))
,{let ({address-constraint (selectq fiavor
{definst {let {(ioc (instruction-dispatch-loc name))}
(+ loc (x offset 4))))

{defucode-at-ioc data)
{otheruise nii))))

‘{put-ucode ', iname
.Mmigrocode
', {lit (eq xmachine-versionx *sim) |isp-name
{assemble-microinstruction-plist iname microcode
sddress-consiraint offset))
*,xmachine-versionx)})))

{defun put-uzode (tag microcode micrel machine-version)
tor (si:record-source-file-name tag 'defucode)
{ferror nil "Serry, 1 already did most of it"))
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(let {{ucode {(aczeq machine-version xucode-alist-alists)) tem)
{or ucode (puch (cetq ucode {cons machine-version nil)) xucode-a3list-alistx))
{cond ({cetq tem (assq tag (cdr ucodel))
{ectf (cad~ tem) microcode)
(setf {caudr tem) micrel))
(t (puzh (4ist tag microcode micrel) {cdr ucode)))))
{5etq xneed-to-linkx t)
ag

:0ue to universal opcodes, this works for both normal and format-3 instructions
(dsfun instrustion-dispatch-lac (name)
(ien (car (gat nome *instruction-datal)) 2))

;;; Reading in of the opcode definitions file

{defazcro defopcode (name crcode format &rest attributes)
*(defopcodel ',name ',opcode ', format *,attributes))

{defun deforcodel (name opcode format attributes)
{or {s 8 opcode 377} sTemporary 8-bit opcodes
(< 1288 opcode 1377) :But c¢o have 8 bits of format-3 also
{ferror nil "Opcode ~0 for instruction ~5 out of range" opcode name))
(or imemg format ’(unsigned-immediate-cpcrand signed-immadiate-operand
addrecs-operand no-operdnd quick-cxternal-call constant-operand
indirect-operand lexical-operand irstance-operand
microcode-operand unsigned-pc-relstive signed-?c-relativa
constont-pc-relative 18-bit-immedicte-operand)
{ferror nil "Format ~5 for instruction ~5 not recognized” format narme))
{and (bit-test 1088 opcnd=}
{neg tormat ’'no-ogerand)
(ferrcr nil “"Instruction ~5 with opcode ~0 must bes NO-DFERAND, not ~S*
name opcode format))
{ioop for attr in attributes do
{or (memq attr ' (needs-stack smashes-stack brancn-predict stop-ifu))
{and (listp attr) (eq (car attr) 'function) (s 3 (length attr) &))
(and (listp attr} (eq (car attr) 'eoperand) (= ({engtn attr) 2))
{ferror nil "Attribute ~5 for imstruction ~5 not recoonized” attr name)})
{putprop name (listx opcode format attributes) 'instruction-data)
(if (eq format '18-bit-immediate-operand)
{loop for i from 1 to 3
do {aset name xopcode-tablex (+ opcode i}}})
{aset name xopcode-tabiex opcode))

{defun validate-definst (name format-and-attritutes)
(iet ((format (if (atom format-and-attributes) format-and-attributes
{car format-and-attributes)))
(attricutes (if (atem format-anc-attributes) nil (cdr format-and-attributes}))
(data (get name 'instruction-datal)})
fcond {(nuil data)
(ferror nil "~5 not defined in DPDEFS file" name))
({neq format (cadr data))
tterror nil "5 in format ~S disagrees with OPOEFS file, which says ~S*
name format {cad- datal))
;:Check attributes that affect the microcode. [ think IFU cnes don’t.
({loop for attrib in ’(needs-stack smashes-stack)
thereis (neq (not (memg attrib attributes))
{not (memq attrib (cddr data)})))
{ferror nil “Attributes for ~5 dieagrce witn OPCEFS file" nama)))))

133 Reading in of the system definitions files
(defun sysconstant-eval-fun (type value)
(oeiect? type .
{nil {or (get value 'susconstant)
(car (geat value 'byte-field)) s PPSS .
(ferror nil “~S5 has no DEFSYSTONSTANT nor DEFSYSBYTE value™ valuel))
{defsycbute-limit-value
(1+ Teyte-field-ones value)))
{¢2fsustiyte-ones
(byte-fieic-onres value})
{detstorage-size
(get vaiue 'defstorzpe-size))
{otheruise
{ferror nil "Do not understand ~5 for ~S" type valuel)))

{defun b?te-field-ones {ref)
{dpb -

{idb 8806 (car (or (get ref 'buyte-fieid)
o (terror nil “~S has no DEFSYSBYTE value" ref)}))

(defmacro defeysconstant (name form)
(setg form (llc:defsysconstant-eva! form #'sysconstant-eval-fun))
‘{putprop ’,name ', form 'sysconstant))

(defmacro defsysbute (name n-bits bits-over)
(setq n-bits (ITc:defsusconstant-eva!l n-bits #'sysconstant-eval-fun))
(setq bits-over (llc:defsyscongstant-eval bits-over #'sysconstant-eval-fun))
‘{eval-uhen (compile load eval) . . . .
{putprcp ',name ', (byte-numbers-to-ppes n-bits bits-over)) ‘byte-field)))
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33 (detenumerated {ist-name (nanes...) [starting-value! [increment] [endingvaluel)
HE starting-value cdefaults 8, increment to
33 It endingvalue is suppiied, it is error-checked
defmacro defenumerated (list-name code-list &optional (start B) (increment 1) end)
(and end (= (iength code-list) (// (- end start) increment))
(ferror nil "5 has 5 codes where ~5 are required”
list-name (lengtn code-list) (// (- end start) increment)))
‘{progn 'compile
(defconst ,list-name *,code-iist)
{defprop ,lict-name
. {loop for code in code-list and prev = 8 then code
as value from start by increment
unless {eq cocde prev) skludgs for data-typas
coliect ‘{,cede . ,value})

erumerated-tupe-codes)
sconstant properties are expected by scme embadded exprecsions
cp for code in code-~iist and prev = 8 then code

as value from start by increment

uniecs {(eg code prev) :kludge for data-t??es

collect ‘{putprop ',code *,value *sysconstant))))

—m

Y
o

(defsterace (struc;ure-name options...)
fields...} .....
field = {name n-bits right-hand-bit-number} or a list of subfields.
Omitting the bit specification gets you a word-filling Lisp object.
0 The tcp-ievel fields are really words, the rest are packed bytes.
pticns:
BACKWARDS (uord offsets count doun from 8 instead of up from B)

: For the microascembler, this defines def-byte-field type accessors
i for the defined bytes, and assumes that the microprocrammer takes
i care of the word offsets. That will do for the eimpfe structures like arraus.
: The offzete do get caved on a word-offsct property for possible future use.
ocal-ceciare ((special xdefstorage-fieldsx))
efmacro defstorage ((structure-nzme . options) . fields)
(let ({inzrement 1)
{xdefstorage-fieldex nil))
{dolist (opt options)
(seiectq opt
{backuards (setq increrent ~1))
{otheruise (ferror nil "DEFSTCRAGE ~5 - unrecognized option ~S* structure-name opt)}))
‘{progn 'compile N
.e(loop for field in fieids as word from 8 by increment
nconc (defstorage-fields field word structure-namel)
{detpron ,structurz-name , (length fields) defstorage-size)
(defprop ,structure-name ,xdefstorage-fieidsx defstorage-fields})))

Iy
(d

{detun detstorage-fields (field word structure-name)
tcond (tor {(listp fieid) (null field)) suntil listp is fixed...
(if (listp (car field))
(loop for eubfield in field
nconc (defstoraga-fields subfield word structure-name))
(defstorage-field field wcrd structure-nane)))
(t (defctorage-field (list ficld) word structure-namel)))

{defun defstorane-field {field word structure-name)
ctructura-name ;not uvsed
{puch (car tield) xd¢fstorange-fieldsx)
tlict *lcefprop ,(car field] ,word word-offset)
(and (cdr fieid)
‘{def-byte-field ,(car field) ,(cdr field) place)}))
};local-deciare

:Extract uord offset for a field; uss this insids an a-constant or b-constant form
(defun field-ucrd-offset (name)
for {get name ‘word-offset)
(terror ni! “aS has no word-offset; probably not defined with DEFSTORAGE® name)))

(defvar wescape-function-next-pc-locationx)

;Define a-memory iocations that are uscd microcode/Licp communication
;1f the microcode wants to initialize these, it can defcreg them itself;

sthat defareg will get put in the same acdrecs, .
{defmacro deiine-ma%ic-locations {{block-namz . options) &body siots gaux tem)
{cond {isetg tem {get (locf options) 'a-memory-address)) sInteresting to microcode?

(if (eq block-name 'microcode-cscape-routines)

(eetq xescape-function-next-pc-locationx tem))
‘{progn 'compile

(defprop ,block-name ,tem a-memory-biock-address)

- s {loop for slot in sliots as oz upfrom tem

collect *(defareg-at-ioc ,(if (sumbolp siot) slot
(intern (format nil "~A-~A"
(car slot) {(cadr slot))})
,loe))))

((setq tem (get (locf options) 'virtual-address))
‘{progn ’compilie
. »{loop for slot in siots as loc upfrom tem
collect *(defprop ,siot ,loc virtual-address})))}))
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:Define a-memory locations that hold PC’s of escape functions
;--- Someone needs ‘o stcre an initial value for the simulator ---
{defmzcro define-escape-function (name &body ignore}
(let {((a-mem-p t}) :
{cond ((listp name)
(doiist (opt {ecdr name))
(selectg opt .
(no-a-memory (setq a-mem-p nil))
(wired ) .
{otherwise (ferror ni! "Unknown keyword ~5" opt}})))
{setq name (car name}l})})
{and a-mem-p .
{progl *(defareg-at-loc ,{intern (string-append name "-ESCAPE-PC"})
,xescane-function-next-pc-iocationx)
(inct sescape-function-next-pc-iocationx})}))

F:>imach>ucode>UL.LISP.167

-x- Mode:Lisp: Package:Micro; Base:8; Lowercase:yes -x-
{c} Copyright 1882, Symbolics, Inc.

s Microcode to Lisp transiator {makes Liep that will run with Sit)

:The order of the defconsts is the ordcr of executicn in the Liep,
{detconst read-phase-fields
' {Gbus amem-reac-acddr bbus brem-read-addr xbus ybue))

(defconst data-path-fields
'{alu byte-func))

{defconst force-obus-fields
' (force-obus<35-34> force-obus<23-32> force-obus<3l-28>))

{defconst trap-phase-fieids
* {(type-map trap-enzbles trop-seguence arith-trap-dispatch-tabis))

{defconst operate-phase-fields
'{dispatch dispatch-table escape-to-lisp error-table))

{defconst register-urite-fields .
* {urite-3mem amem-write-addr urite-bmem bmem-urite-3addr
wurite-ibus |pbus-cdev-addr mem statk-pointer))

(defconst jump-phase-fields .
' {seguencer jump-sequonce next-sequence condition
skip-true-sequence skip-false-ceguence))

{defconst all-over-the-pliace-fields
' {spec magic magic-mazk declare-memory-timing unique speed))

{defvar smicrolisp-function-namex}
(dectare (special sbacktracex)) ;In UU
(defvar smicroinstructionsx)

{defun bletch (format-string &rest arcs)
{declare (epecial args)) sFer accessibility from breakpoint
{iet M (("w nil) (*r nil) (g nil))

#2 ((msgfiles error-output))
(format mzgfiles “a~&>>Error: )
(texpr-funcall #° formzt msgfiies format-etring args)

{format kcsgfiles “~& HWhile compiling microcode to lisp for ~S*
xmicrolisp=-function-nanex)

(format msgfiles “~8 Microinstruction: ~S" smicroinstructions)

(format megfiles "~& Microexpand backtrace: ~l{w~ca¥ N2 mANSAt, Al aR”
xbacktracex)

(break bletch t)})

sselectq with appropriate error processing
{(defmacro eselectq (valname val &rest clauses)
{iet ({nii-present (loop for (key) in ciauses
thereis (or (eq key nil) (and (listp key) {(memq nil keyl)))})
‘{eelectq ,val
.eclauses
yefand {not nil-present) *{{(nil) nill})}
totherwise (bletch “~S invalid value for ~3" ,va! ',vainamel})}))

{defun nksetq (var val)
{and val {(nccns ‘lsetq ,var ,vail}l)

(defun mksetq? (varl var2 vaf)
{and val (ncons ‘(setg ,varl (setg ,var2 ,vail}l))



_ 4,887,235
251 : 252

{(defvar xdicpatch-destinationx nil)

m
(declare-special squid)
Mm

{defun eval-at-load-time (forr)
{cond ({ctatus feature complr)
list sguid form))
(t (eval form})))
m -
(defun eval-at-load-time {(forrm) ) .
“*,{(if (and conciler:qc-file~in-prorrecs (not compiler:qc-fiie-load-flag))
(cons corpiler:eval-zct~load-time-marker form)
{eval form)i)

{dectere (xexpr fiéldp)) sin UY
:Simulation routines for shifter

m
(declare (fixnum {rot32 fixnum fixnum)
{ash32 fixnum fixnun}
(merge32 fixnum fixnum fixnum}
(mask32 fixnuml} .
{special xpcx}) sin SIM

{eval-uhen (eval compile load)
(defun ashZ2 {vaiue amount)

(ash {lcgand value #.(i- 1_32.)) amount))
Yieval-when

(defun rot22 {(value amount)
(ceta amount {logand 37 amount))
M (dpb value (+ (ish amount §) (- 48 amount})
(Idb {+ (ien (- 48 amount) B) amount) valuel)
#Q (logior (togand (ash3Z value amount) #.(1- 1_32.))
(logand (ashZ2 value (- amount 48)) Tl- (ash 1 amount}))))

(defun mask32 (nbits)
(1- {ash 1 nbits}})

{defun merge32 (shifted mack unshifted)
{logior {logand mask shifted)
.{logand {lognot mask) unshifted)))

:More simulation routires. These are used instead of open-coding
;éhings so that ncomplr doesn't expend my code by a factor of 1€

{declare (muzzled t) ;:0on’t give me 3 hard time about haulong

{load 'sim) sGet certain cacros neecded beiow

{(fixnum (address-add-fp fixnus)
(address-add-sp fixnunl
{oddress-2dd-macrocode)
{cref-amem tixnun)
(aref-bmem fixnum}
(aref-bmem-360)
{16-bit-sign-extend fixnum})

{notype (aset-amen fixnum fixnum)}
(aset-bmem fixnum fixnum)
(aset-bmem-3c8 fixnum)
(setg-vma fixnum)
(cetq-fp fixnum)
(setq-sp fixnum)
(carry28 fixnum fixnum fixnum)
{cerryl2 fixnum fixnum fixnum)))

{(declare (special xframe-pointerx xstack-pointerx xxbasx xpcx xvmax xpmax xinstructionx

x3-memorux kb-memorux xbyte-rx xbyte-sx xtype-mapx
xmul tiply-xx xmultiply-y%x xlast-error-table-entry-seenx})

m
{deciare (xiexpr z2drecs-add)

{xexpr even-instruction odd-instruction instruction-opcode
instructicn-unsigned-irmmediate instruction-signed-immediate
pc-a3cdd instruction-b2cse2no instruction-offset stack-address
cet-pma-from-vmal

(fixnum (even-inctruction fixnum) (odd-instruction fixnum)

{instruction-opcode} (instruction-unsigned-immediate)
{instruction-signed-immediate) (pc-add fixnum fixnum}
(instruction-baseno} (instruction-offset)

(stack-a2cdress fixnum} (acdress-add notype fixnum))}

(defun adcress-add-fp (cffeet)
(address-2dd 'sframe-pointerx offset))

(gefun address-add-cp {(offset)
{addresc-add "sxstack-pointerx offset))

{defun z2ddress-zdd-xb (offset)
{acdress-add "#xbask offset))
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{defun adcdrese-add-macrocodz () .
{addresz-acd (instruction-baseno) (instruction-offset} t))

{getun aref-amem (loc)
taref xa-memoryux loc))

{defun 2ref-bmen (loc)
(eref xo-memoryx ioc})

{defun aref-bmem-368 ()
{aret xb-memoryx 3EB})

{defun acet-amen (val loc) -
(as?t val xa-memoryx loc) ~
nil

{defun zeat-pmem (val lor
{azct val so-memcruax 1o
nit)

)
cl

{gefun asct-bmem-368 (val)
(as$t val sb-memoryx 350)
nil

(defun setg-vma (obus)
(setq xvansx (pointer-field obus))
:Nopping, which realiy happens in the next cycle
:Map miss trap is not simulated, haspens when memory-data read or written
{set-pma-from-vmal)

(defun setq-sp (opus)
isetg xstack-pointerx {pointer-field cous)))

(defun setq-fp {obus)
{setq xframe-pointerx (pointer~field obucll)

{defun inc-sp ()
{satq x3tack-pointerx {(l+ xstack-pointerx}}]

{gefun dec-sp ()} .
{sety =xstack-pointerx (l- xstack-pointerx}})

(defun inc-macro ()
(setg xinstructionx {1+ xinstructionx)})

sSimulate ALU carry function
{defun carrylB

{x g 2}
(bit-test 1_28. %+ (logand #.(1- 1_28.) x} (logand #.(1- 1_28.) y) 2)}))

1
{defun carry22 (x y 2)
(pit-test 1_32. %+ (logand #.(1- 1_32.) x} {logand &.(1- 1_32.} y} 2)))

:0One simulation routine to heip with mulitiplier
(defun 16-bit-sign-extend {(n)
(it (cit-test I_15, n) (+ 177777_16. n) n))

;Returns a (defun name () --transiated-microcode~--) o
{defun microcode-to-1isp-function (name microcode #Q dofinition-name)
(let ((xmicrolisp-tunction-namex name))
*(defun ,name L
#0 (declare {sys:function-parent ,definition-nane)!}
{prog (abus bbus xbus ybus alub obus dispatch aiu-output type-map)
#M (decliare (fixnum abus bbus xbus ybus alub cbus dispatch aiu-output type-mapl))
{proon abus bbus xbus ybus alub obus dispatch alu-output type-map) ;inhibit w2rning
(setq type-map 8) s1diot compiler warning in Muclisp, code bug i1n Lisp (lachine
. ,{microcode-to-lisp microcodel}})))

(defun microcode-to-licp (microcode} .
{conc {(eq {(car microcode) 'microseguence)
(loop for x in (cdr microcode)
nconc (microccde-to-licp x}))
{{eq (car m:.crocode) 'microinstruction]
{let ({(xmicroinstructionx microcode))

{microlisp-syntax-check microcode)

{nconc (microlisp-read-phase microcode)
{micro!isp-data-path-phase microcode)
{(microlisp-force-ocbus-phase microcode)
(microlisp-trap-phase microcode)}
(microlisp-operate-phase microcode)
{microlisp-register-urite-phase microcode)
{microlisp-jump-phase microcode)))

(t (bletch “Unrecognizable microcode: ~S* microcodel}}})

{defun microlisp-syntax-check (code)
{locp for {prcp val) on {(cur code) by 'cddr

unless (or (memq prop read-phase-fields)
{memq prop data-path-fields)
{memg nmrop force-obus-fieids)
(memg prop trap-phase-fieids)
(memq prop operate-phase-fields)
{memq prop register-urite-fields)
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(memq prop jump-phase-fields)
{menq prop all-over-the-place-fields))
do (bletch "Unreccgnized microcode field: ~5" propl))
:GCenerate setcs of the variables abus. bbus. xbus. ubus

{oefun microlisp~-read-phase icode)
{ncene
{mksetg 'aous
{eseieztq abus (get code 'abus)
(amen
{iet ({addr (get code ’amem-read-addr}))
{if (and (not f(atom adur)) {eq (car addr) ‘'constant)) (cadr 2ddr)
*{aref-amem , (amemaddr accrl))l}))
(memory-data ‘{pma-mem-reza))}
(frame-pointer °‘xframe-pointersx)
(stack-pointer ‘xstack-pointerx)
{vma ‘mvmax).
{ps ‘xpex)))
{mkseta ’'bbus
(e?ele:tq bbus {(get code 'bbus)
bmen
(iet ({zcar (get code 'bmem-read-addr)))
{cond ({and (not (atom addr)) f{eq (czr addr} ‘constant)}
{cagr addr))

({= acdr CE2)

‘(aref-bmen-360))

{t ‘({cref-bmem ,addr)}})) . i
{macro-sioned-immediate *(instruction-signed-immediate))
(macreo-unsigned-immediate *{instruction-unsigned-immediate)}))

{mkeetq 'xbus
(eseiectg xbus (get code ’xbus)
(abus ‘asbus)
(bbus ‘bLus)
(product ‘(= mrultipiy-xx xmultiply-yx})})
(mksetg ’"ubus
(eselectg ybus (get code 'ybus)
-{arus ‘zous
“{cbus ‘tbus)
i--- This is really not right, bu§

| do for nou | guess
(ybue-crocks-1 *{ach32 abus -22.)

il
N
:Generate setas of the variables alub, alu-outout. and obus

(oi;ur microlisp~data-path-phase (code &azux tem)
SN
(it (cetq tem (get code 'byte-func)) sUsing the shifter
imreeta ‘alub
(if (eq tem 'ybus) ‘ubus
{make-alub-signr-nack
{mare-mcrge
(make-rot ‘uybus (fix-byte-r (second tem)})
(it (eq (first tem) 'cpbi srotate-mask
imake-rot (make-mask (fix-byte-s {(ihird tem)))
(fix-byte-r (second tem})
{make-mask (fix-byte-s (third tem})})
(if {eq (fourth tem) 'merge) °‘xbus 8))
(ficldp code 'epec 'alub~-sign-hack)}})))
(mksetq?l ‘obus 'alu-output
{eselectq alu (setq tem (get code "alu))
{(xbus ‘xbus)
(alub ‘alub)
({X+] X+l-overflow) ‘(14 xbus}))
((X~1 X-Y-overflon) *(1- xbus))
({X+Y X+Y-overfiouw) *‘(+ xbus alun))
{({X-Y X-Y-overflouw) *‘{- xbus aiub))
(X+Y+1 ‘(+ xbus aiub 1))
(X=-¥=-1 *(- xbus afub 1)) .
{X-Y-signed ‘{- {(lonxor xbus 1_21.} (loaxor alub 1_21.)))
(X-Y-l-signed ‘(- (jooxor xbus 1_31.)} (logxor alup 1_31.} 1))
{(and °*{logand xbus aluib)}
(nand ‘(icgnot {logand xbus alub))}
{ior *{logior xbus alud))
{xor *(logxor xbua alub}}
(andcy ‘{logand xbus (lognot alubl))}))}

iGenerate calls to merge3Z, rot32, and mask32 but try to do them at
scompile time if possibie
{defun make-mask {n-bits)

{if tnumberp n-bits) (mask32 n-bits) °‘{mask32 ,n-bits)})

{defun ma2ke-rot {(vaiue n-bits)
{cond {(equal n-tits B)
value)
({and_(numberp value} {(numberp n-bits})
(rot32 vaiue n-bits))
(t ‘{rot32 ,values ,n-bits}})))
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{(defun make-merge (foreground mask background)
{prog (tem)
s:Try to use ien (ash) right instead of rot left, and open-code
siwhen doing 8 simple byte extracticn
{and (numberp mask) (ecual background 2) "
{cond ({amd (not (atom foreground}) {eq (car fore?round) ‘rot32))
{(and (numberp (setq tem (caddr foregroundll})
{or {(zerop tem) (<= (haulong mask) tem))
(return *(logand ,(if (zerop tem) (cadr foreground)
*(ash32 , (cacr foreground)
.- tem 32.))
,mask}})}
(t (return *(logand ,fereground ,mask)}})})
sneptimizable
{return *‘{merge32 , foreground ,mask ,background))))

{defun make-alub-sign-hack (code hack}
(if (not hack) coce
*(iogxor 1 ,codel}))

:Yalid forms for addr are:
{(frame-pointer fixnun)
{stack-pointer fixnum)
{xbas fixnum) .
{macrocode)
£ ixnum . ;betueen 8 and 7777 | guess
{constant vaiue)
defun amemaddr (azdr)
{cond {{numberp addr) adcar)
{{atom addr) (bletch "Garbage amem address: ~S" addr))
({eq (car addr) 'frame-pointer)
‘(address«add-fp , (cadr addr)})
((eq {(car addr) ’stazk~-pointer)
‘{address-aad-sp , (cadr addr}))
{(eq (car addr) ’xbas)
‘{address-add-xb , lcagr adar)))
({eq (car ada~) 'macrocode)
(if (cdr addr) (bletch "Cosolete amem address: ~S" addr))
‘(address-add-macrocode))
(t (bietch "Garbage amem addresc: 5" addr))))

-t 00 we vo wo ws o

(defun fix-byte-r (r)
{cond ({(and (fixp r) {(>= r B) (<= r 37))} r}
{{eq r 'byte-r} ‘xbyte-rx)
((e7 r 'macro) *(iogend 37 (instruction-unsigned-immediate)))
(¢t (pletch “lilegal byte rotaticn: ~S" r))))

{cefun fix-bute-s {(s)
{cond ({and (fixp 8} (> 8 0) (<= s 40)) &)
{{eqg s *bute-s) *(l+ xbyte-sx)) .
({eq s 'macro} *{+ (ich (iogand (instruction-opcode) 3) 3)
{logand 7 (leh (é??truction-unsigned-immediate)

13}
{t (bletch "lliegal byte size: ~S" g})))

{let ({mask (dpb -1 field 8))
{pos (lsh field -6))
(size {icsand field 77)))
{cond {({numberp val}
{cond ((zerop val) °*{logand , (lognot mask) ,background))
((= val (1~ (ash I size)}) ‘(logior ,m3ack ,backgrcund))
(t ‘(logior , (ash32 val poe)
{logand , (lognot mask) ,background)})))
({memq va! ®(abus bbucl)
‘{logior {(lonand ,mask ,val) (logand , (lognot mask) ,background}))
(leq val 'memcry-data)
‘{ltogior (lorzord ,mask (pma-mem-read))
{logand , (lognot mack} ,background)}))
({eq val {car hair)) .
‘{legior {logand , {lognot mask) ,background)
(asin32 {logend , {c2dr hair) , (caddr hair)) , {cadddr kair})))
(t (bletch “~S iltega! forcing value--gendpb” val)))}
(defun microlisp-force-ocbus-phase {code &aux tem)
{nconc {(and (setq tem (get code ®force-obus<31-28.))
(ncens *(setq obus , {(gendpb tea 34084 'obus nil))))
{and (setq tem (get code ®'‘?force-obus<33-32>))
{ncons ‘{setq obus , (gendpb tem 4B22 'cbus
' (bbus<S-4> bbus B2 28.)))))
{and (setg tem (get code °force-obus<35-34>)})
(ncons ‘(setq obus , (gendpb tem 42327 'obus
* (obus<7-B> bbus 388 28.11}1}))
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(defun microlisp-trap-phase (code &aux tem traps handler)
{setg traps (get code ’trap-enzbles) .
handler (cond ((set? handier (get code °trap-seguence))
(if (atom handler) . .
‘{roturn {, (nicrocode-|igp~function~-name
handler))}
‘{progn . . (microcode-to-lisp handler))))
((setq handier icet cadc 'arith-trap-dispatch-tabl
*{caseq-that-works (+ (iogand f{ash abus -23.) 14)
{logand (ash bbus =32.) 3))
. ,{microlisp-digpatch-clauses handleril}l}))

)
ash considered
sharmful...

{nconc
:: Lower-level traps
{and (setg tem (get code °tupe-mapl}
{ncons *(if {(zerop (iogand
(setq type-map
{arraycalt fixnum xtype-mapx
(+ .{(evai-at-load-time
*{Ish (assign-type-kap_',tem) B))
(logand (ash abus =28.) 77 1)

4))
{data-type-trapl}))) s---Don’t simulate trap yet
:; Higher-level traps
{and handler
{ncons ‘(and {or ,{and (mamg ’'condition-trus traps)
lispify-condition coda))
. {and (meng 'condition-faise traps)
*{not r(liepifg-condition code) )}
, {and {(memqg °tupe-conditicn traps)
‘(bit-test 1 type-map))
, {and (memg ’bbus-non-fixnum traps)
‘{not (data-type? bous dtp-fix))})
, (and (mermq "overflou traps)
*(overflow-p alu-output)l)
.,handier)))
:3--- traps not done at al!l:
+s+ transpaort, any-stack, cther-stack, map-miss

i}

{defun data-tupe-trap ()
{cerror T (] ':data-type-trap "Data type trap"))

{defvar stype-mapx (xarray nil ’fixnum 43S8.)} :3 bits per element, condx4+trap
{defvar xtype-mapsx nil)
# (declare (xexpr type-map-!ookup}) sin QU

:Note that the Trap bit is complemented
{cefconst t%pe-map-encodings
*T(() . 4} {(cond) . E) {({pointer} . B) ({(cond painter) . 7)

({pointer cond) , 77 ((trzp-8) . B) (({trap-1) . 1)
{(trap-2 pointer} . 2) {({pointer trzp-2) . 2}
{{trap-3 pointer) . 3) ({pointer trap-3} . 3}}}

(gefun assign-type-map (map)
{loop as number = § then (l+ number)
for mapl in xtype-mansk
when (equa!-type-mags map mapl)
return number
finally (or (< numper 188) {ferror nil "Gleep! Out of tuye maps”))
(setq xtype-mapsx (nconc xtype-mapsx {ncons map)}
(loop for tupe in xdata-typesx
as index upfrom (lsh number B)
as outputs = {type-map-ioockup typs map)
do (store (arraucall fixnum =mtype-m2px index)
{or (cdr {(assoc outputs type-map-encodings))
(ferror nil “~S goerbace in type map"
outputs)lJ)
{return numterl))

(defun equal-type-maps (ma2pl map2)
(ioop for tupe in sdata-tupesx
aluays (equa! (type-map-lookup tupe mapl) (type-map-lookup type map2))))
{defun microlisp-operate-phase (code &aux tem)
{nconc {cond ({setg tem (ge=t code 'dispatch))
(setg xdispatch-destinationx (get code 'dispatch-table))
{ncons ‘(setq dispatch , (dispatch-ldb teu))?))
{and (setq tem (get code ’escape-to-lisp))
{ncons tem))
{and (setq tem (get cods ’error-tabie))
{ncons ‘{sety xiast-error-table-entry-seenx °, tem))}))

{defun dispatch-idb {(field}
(eseiectg diepatch field

{cdr-code *(ldb 4282 abus))
{abus<31-28> *(idb 3484 abus))
(abus<25-22> ‘(idb 2684 atus))
(abus<21-18> *(1db 2284 abus))
(abus<2-8> *(Idb 8233 abus))
{(aluo *alub}))
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(defun microlisp-register-urite-phase (code &aux tem teml)
;First urite ihe rmemories, then the registers (they might address the memory)
(nconc {and {get code 'write-amenm)
{ncons ‘(acet-amem obus .
. {amemaddr (?et code ’amem-urite-addr)))))
(and (setq tem (get code ’urjte-bmem]) L
{ncons (if (= (setq teml (get code 'bmen-urite-addr)) 368}
‘(aset-bmem-368 , tem)
‘{asct-bmem , tea , teml})))
{and (get code ’urite-lbus)
(symbolip {(get code 'Ibus-dev-addr)) signore non-simulatable hair....
(eselectg {get code *Ibus-dev-addr) (get code ' ibus-dev-addr)
{urite-memory (ncons ‘{(pma-mem-urite obus)))
{urite-pc (ncons ‘(setq xpcx obus))
(increment-racro-immediate (ncons ‘{inc-macrol})}))
{and (fieldp code 'mem ‘write-vmal
{ncons ‘l{sety-vma obusi))
{and (fieidp code 'spec ’increment-pc)
{ncons ‘(inc-pcl))
{and (fieldp code 'spec 'load-frap)
(ncons ‘(setq-fp obusl)}}
{and (fieldp code 'spec 'ioad-stkp)
{ncons ‘(setq-sp obus)))
(and (setq tem {(gat code ’'stack-pointer)) ‘
{ncone (if leqg tem 'increment) ‘(inc-sp} *{dec-sp)}})
{and (fieldp code 'spec 'load-byte-r)
{ncons f{cond ({zerop (icgand 18 {or {get code 'magic) 8)))
‘(setq sxbyte-rx (logand 37 obus)))
({(get code ’dcepatchf
‘{setq xbyte-rx (array-index-shift-prom dispatch))})
B (t (bletch "bute-r-from-array-disp without dispatch™}))))
(ard (fieldp code "spec °lcac-byte-s)
(ncons *(eetq xbyte-ex {logand 37 obusl)l}})
{and (fieidp code 'spec ' load-xbas)
{ncons ‘{cetq sxbasx (iogand 1777 obus))))
(and (fieidp code 'spec ’load-inst} s temporary memory control
{ncons ‘(setq xinstructionx obus))}
(and (or {fielcdp cocde 'spec "multiply)
’ {fieldp code 'spec "mulftipiy-and-type-check}}
(bit-test {get code "magic)
(ncons ‘(setq xmultiplu-xx
L{if (bit-test 4 {(get cude 'magic))
*{i1B-bit-sign-axtend (Io?and 177777 xbus))
*{logand 177777 xbusl)})
{and {or {(fieldp code "spec 'multiply)
_ {fieldp coce ‘spec 'multi?lg-and-tupe-check))
{bit-test {get code 'magic)
{ncons ‘(setq xrultiply-yx
+lif (bit-test 18 (get code 'magic))
*(16-bi t-sign-extend
{logand 177777 (2:zh32 ybus -16.)))
‘{lenand 177777 (ash32 ybus -18.1)}}1)1})

s1f eequencer is take-dispatch then ue are supposed to take a dispatch
ideferred from the previous instructicn. The compile-time variable
sxdispatch-destinationr and the runtime variabie dispatch control this.
s;Note that these have to be preserved appropriatsly through skips.

:1f there is a skip on the condition fieid then ue do that.

;0therwisc the sequencer, jump-seguence, and next-segquunce fields control
:calI/ngp/return/ngxt-unstructlop which turns into Lisp function callin?.
tHe con't support simultaneous skipping and jumping (yet), except a little for call-select.

1At this level ue don't worry about the CPC and NPC registers

(¢efun microliep-junp-phase (code &aux jump next)
(setg jump (oet cogde ° jump-sequence)
next (gat code 'next-sequencel)
{ncene
(eselectg (get code °seguencer) {(get code ’eequencer)
({pepj next-instruction} (ncons ‘(return nill}} snext-instruction or return
{nil tand next (ncons ‘(return {,{microcode-lisp-function-name next))}}})
{{pushj pushj-return-dispatch)
{and jump scould be call-select ...
{ncons {if next ‘(progn (, (microcode-i{isp-function-name jump))}
{, (microcode-1isp-function-name next)}}
‘{, (microcode-licp-function-name jump))l}))
{take-dispatch
t{ncons *{caseq dispatch scaseq because of numbere
. .{microlisp-dispatch-clauses xdispatch-destinaticnx)))}})
{an¢ (fieldn code 'sequencer ‘pushj-return-dispatch)
{ncons ‘{caseq dispatch scaseq becauce of numbers
. ,imicrolisp-dispatch-clauses xdicrpatch-destinationk))))
{and (get! code ' {skip-trus-=ecuence skip-fal!se-sequencel)
s3pred agete predicate uwhich is t if we should okip
(let ({pred (iiopity~condition codel)
(pending-dicp xdispatch-castinations))
(let {t{skip-code ‘{cond (,pred



4,887,235
263 264

. .{microlisp-if-branch
{get code ’'ekip-true-sequence)))
(t . ,{let ((xdispatch-destinationx pending-disp))
(nicrol isp-if-branch
(get code ’skip-falsa-sequencel}))))})
{and {(not jump) (fieldp code °sequencer ’?ushj
(eetq skip-code ‘{prog .} ,skip-code})})

{ncons ekip-codell}))})

{(defun dispatch-cues {(cues) o
{cond ({eq cues 'otheruise) t) sCASEQ wants T, not OTHERWISE
({atom cues)
(oletch "dispatch cue ~S: must be list or OTHERWICE® cues))
{t (mapcar #'dispatch-cue cues})})

{defun dispatch-cue (item)
(cond ((numberp item) item)
{t (bletch "~5 illegal as digpatch cue” iteml)})

(defun microliep-dispatch-clausss (table)
{locp for clause in {c3r taeple)
collect (cons {dispatch-cuas {(car clause))
{cond {(atom (cadr claussl)) sgoto
*{{return
(.(micrccode-lis?-functicn-name
(cadr claouse)))}))
(t (microcode-to-licp {cadr clause)})))))

(defmacro caseg-that-works (value . clauses)
{if {and (= (iength clauses) 1)
(eq (caar clauses) t))
‘{progn . ,(cdar clauses))
‘{caseq ,value . ,clausesl)))

(defun lispify-condition (code §aux tem)
(selectq (setq tem {get code "condition})
{(type-conditiocn
‘{bit-test 1 type-map})
({not-cdr-@ not-cdr-1 not-cdr-2 not-cdr-3)
‘{not {(cdr-coce? abus , (find-position-in-list tem
' {not-cdr-8 not-cdr-1 not-cdr-2 not-cdr-3))1))
{ybus-31

Yinot (zerop (logand 1_31. ybus)}))
(alu-21

‘{not (zerop (logand 1_31. alu-output})))
{alub-@

‘{not (zercp (logand 1 alub})))
(ctheruise

(lispify-alu-condition

tem {get cocda ’'ciu)l)}})

{defun liepify-alu-condition {(cond alu)
(selectqg cond
(equal-pointer
‘(= (lomand #. (1~ 1_28.) alu-output) #.(1- 1_28.)))
{not-equal-fixnum .
*(not (e (logand #.(1- 1_32.) alu-cutput) #.(1- 1_32.)1))
{not-equal-typed-pointer
‘{not (= {jcaang #.(1- 1_34.) alu-output) #.{1- 1_34.))))
({not-greater-pointer not-greater-fixnum-unsigned)
(let” ((epl *xbus) ep2 (cg3 B)
(tunc (if (eq cora 'not-greater-pointer) 'carry28 'carry32)))
(setq op2 (selecctqg aiu
(X+Y ‘alub)
(X+Y+l (cetq ep3 1) ‘alub)
{{X-¥-1 X~Y-1-signed) ‘(lognot &
({X-Y X-Y-signed) {(setq op3 1} °*
X 9)
(X+1 1)
{X-1 -1)
(otheruise
{bietch "~S -~ bad alu op - lispifu-alu-condition” aiu}})}
‘{not {, func ,opl ,op2 ,op3lil}
{otheruise {bietch "5 - bad skip cond - lispify-alu-condition” congl}})

lunl)
(legmot atud))

{defun microlisp-if-branch {(code)

{cond {({rul! code) nil} ydrop through
((atom coce) 1goto
{ncors ‘{return (, (microcode-!isp-tunction-name code))}))
{t (microcode-to-{iep code})}) simmediate code

{defun microcode-iiesp-function-pname (utag) . .
{er (symboip utag) (bietch *~5 - not a tag -- microcode-!isp-function-name"

utagl)
lintern (format nil ' |~A-LISFNICROCOCE ) utag)))
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F:>Imach>ucode>trap.1isp.8

s -k- Ho&e:Lisp: Package:Micro; Base:3; Louercase:yes -%-
: (c) Copyrignt 1882, Symcotics, Inc.

; Microcode for Trap Handiing on "real” machine

:Get defmicro and all his hosts

m

{declare (cond ({not (status feature Imucode))
{load ‘udclis))))

:lnvisible-pointer traps
:1f transporting was needed, it has happened already
:Time= 2 cucies trapping + 3 cucles here

{defucode-3t-loc inviz-trap 18288 s trap-2 handier
{paralliel .
(trap-save)

{declare-memory-timing data-cucie} ;defeat error checking, only used in emulator task
(gssign vma memory-data)
{if {data-type? memory-data dtp-tody-forward)
;3 Body forward points to header forward
{sequential
(star t-memery read)
{assign b-vma (- b-vma vmal) ;0ffset into structure
{machine-version-case
{(tmc tmeS)
(sequential
(assign b-vma (+ memory-data b-vema}) sAddress word in target structure
{assign vma b-vmall}
(otheruise .
(assign vma (+ memory-data b-vma))})) sAddress word in target structure
(drop-throughl})
{trap-restore
{start-memory read)
(assign b-vea vmal))

:Invisible pointer following when VMA advanced one or two words in block read.
tevcp and one-g-forward leave the oriainal seauence intact. the others change
;10 3 neu segquence.

{defuccde-at-loc error-trap 18284 strap-0 handler
{paraliel {(trap-save)
(lisp {enter-errer-handier})
{if (not {zero-fixnum {sg-ncntrappability ¥current-stack-group-status-bits)})
{paralie]l (halt error-in-error-handier} (jump error-trap)
¢s Fixup the stack first, since we need to push some stuff
{call-and-return-to restore-stack-pointer error-trap-1)J)})

(defucocde error-trap-no-restore-stack
{paraiiel (trap-savel
{lisp (enter-error-handier))
(if (not (zero-fixnum (sg-nontrappability %current-atack-grou?-status-bits)))
{paraliel (halt error-in-error-handler) (jump error-trap)
(goto error-trap-1})))

+Error trap from block read, VMA 2dvanced cne or tuo words
{defuccde-at-loc error-trap-vma-up-l 18cl4
(paratie! (trap-save)
(assign vma (- vma {(b-constant 1})))
(paraliel (lisp {enter-error-handler))
(if (not (zero~fixnum (eg-nontrappability Zcurrent-stack-grau?-status-bits)))
{paraliel (halt er: zr-in-error-handler) (jump error-trap)
:3 Fixup the stack first, since we need to push some stuff
(call-and-return-to restore-stack-pointer error-trap-1))})

(defucode-at-loc error-trap-vma-up-2 18824
(paraliel (trezp-save}
(assign vma (- vma {(b-constant 2)}))
(parallel (iisp {enter-error-handler})
{if (not (zerc-fixnum (sg-nontrappability Ycurrent-stack-group-status-bitsl}))
{(parallel (halt error-in-error-handier} {jump error-trap)
13 Fixup the stack first, since we need to push some stuff
(cal l-and-return-to restore-stack-pointer error-trap-1)}1})

{deiuccde error-trap-1
$s 14 &n error occurs, halt
{assign. {sg-halt-on-error %current-stack-group-status-bits) (b-constant 1))
33 Puth the address of the microinstruction that signalled the error
{assign b-temp (logand (pcp-contrni-stack) (b-constant 37777)))
(pushval (set-tupe b-temp dip-fix})
{pushva! (set-tupe vmz ctp-locative))
:3 Nake the pc point such as to retry the failed instruction. The error handler is
53 likaly as not going to mess with our state anyway.
i: The stack uas aiready restored above.
(take-pre-trap signal-error preserve-stack})
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iHere i{ IFU needs help fetching instructions
{defucode-at-loc ifu-empty-trep 14268
(set-pc pe))

268

1This lebel is kmown by PACE-FAULT. A fault here prevents backing up the PC.

{machine-version-case {(tmc)

(defucode ifu-empty-trap-1
(start-memory reac biock instruction-fetch)
{st3rt-memory read block instruction-fetch) jActive(l)
{nep) ;Data(l) ,Active (2)
(next-instruction)}} ;Decode (1),Data(2)

(othernise nii))

F:>Imach>ucode>SYM.LISP.7

: -x- Mode:LISP; Package:Micro; Base: 8; Lowercase: T -x-
: (c) Copyright 1982, Symbolics, Inc.

s Microcode for operaticns on symbols

m .
(Ee:larc {cond {(not (status frature imucodel)
(load ‘ucclis})i}

(definst sumeval no-onerand .
(para!iel (ch2ock-data-type top-of-stack-3 dtp-sumto! dir-nit)
(assign vma (+ top-of-etack-a (b-constant 1)))
(jurp refercnce-symbol-offect)})

tdefinst fsumeva! no-operand .
(paralle!l (check-data-tunc top-of-stack-a dtp-sumbol dip-nil)
(2ssign vma (+ top-of-sisck-a (b-constant 2)))
(jump reference-symbol-~offsat))})

{defucode reference-sumbol-offset
{start-memory readl
{nopi} :time for the memory
{paralie! {(tranmspor: datal
{(neutop merory-data)
{next-instruction}))

>

{(definst value-celi-location no-gperand
{paraliel (check-gata-type top-of-stack-3 dtp-symbol)
{redtop (set~type (+ top-of-stack-a {o-constant 1))
dtp-tocativel}
(next-instruction)))

(definst function-cell-iocation no-operand
{parallel (check-uvata-tupe top-of-stack-a dtp-sumbol)
(newtep {(set-tyre (+ top-oi-stack-a (b-constant 2))
dtp~iocativel)
(next-instructicnl)})

{gefinst preperty-ce!l-lccation no-operand
{(paraiiel {(check-data-tupe top-of-sctczk-a dtp-symbol dtp-nil)
{newtop (set-type (+ top-of-stack-a (b-constant 3))
dtp-iocative)} :
{next-instruction)})

(definst package-ce!l-lccaticn no-opersnd
{parailel (creck-data-tuoe top-of-stack-a dtp-symbol dtp-nit)
(nedtep (set-type i+ top-of-stack-2 (h-constant 4})
dtp-iocativel)
{next-instructicn}))

(definst boundp no-coperand
{parallel (check-cata-tupe top-of-stack-a dtp-sumbol dtp-nil)
(assign vma (+ top-of-stack-a {(b-constant 1j})
(jump check-boundp)))

{definst fboundp no-operand
(paraliel {check-data-type top-of-stack-a dtp-symbo! dtp-nil)
(assign vma (+ top-of-stack-a (b-constant 2}}}
{ jump check-boundpl })

(defucode chezk-boundp
{start-memory read)

{rcp) t1wait for memory cucle
{paraliel (tran:ncrt urited sTnis mi?ht not be the right kind of transport
(if (c¢ate-tupe? memory-datz ctp~null

(paraliel {(newtop quoto-nil)
(next-instruztion))

{paraliel (neutop quote-t)
(next-ingtruction)))))
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(definst get-pnane no-opsrand . .

{parallel (check-cata-tipe top-of-stcck-a dtp-symbol dtp-nil)
(assign vma top-of-stack))

{start-memory read)

(r.op) sw2it for memory cycle

(paraltle! (tranepart header)
(nexdtop (set-tyne memcry-data dtp-array})
(next-instruction})})

(definst set no-cperand
tpuraliel (chezk-data-tupe next-on-ctack dtp-sytbol)
. {assinn vza {i+ next-cn-stock)))
{paralfe! (start-memory read) ;read the value cc!! pointer
(2esirn b-tenp top-of-stack)
{decrement-stack-pointer)) ;pop off the value

(fcf-cffe:t {pervall) ;and the sympbol pointer
{paratiel {(trancport write) iFollew any foruarding pointer
fassign a-temp sMergs new data with old ccr code
{merge-cdr b-temp memory-datal)})
{paraile! (stcre-contents a-templ sNow write back the new car

tnext-ingtruction)})

:3: -%- Mode:Lisp; Package:Micro; Base:8: Lowercase:yes -=-
::: (c) Copyright 1582, Symbolics, Inc.

:Subprimitives
:Get defmicro and all his hosts

(declare (cond ({not (status feature imucode))
{load "udcis)})
{zexpr get-to-abus get-to-bbus}) sin WU

sHarduare definitions (these might belcng in UU, houever they
; are not used by any files other than this one.)

(defmicro cdr-field {(opnd 8optional background)
*({parailel , (pet-to-abus opnd)
) {idb ybus-crocks-1 ,2 ,14. ,background)})

(defmicro high-type-fieid (opnd 8optional background)
*{paraiiel ,{get-to-abus opnd)
{idb ybus-crocks-1 ,2 ,12. ,backgroundl}}}

:This gets the high 4 bits of the tag. The low 4 have to be LDBed sepzrately
{defmicro high-tag-field (opnd &optional background)
‘{paraliel , (get-to-abus opnd)
(idb ypbus-crocks-1 ,4 ,12. ,background))})

{defmicro lou-tag-field {(opnd &o?tional background)
‘{idb ,opnd 4 28. ,background)

(defmicro pointer-field (opnd &o?tional background)
‘{ldb ,opna 28. B ,background}

(defmicro set-lou-tag-field {opnd background)
(make-microdata 'obus
{paraiuze (?et-to-onus32 opnd)
‘lmicroinstruction force-obus<21-28> ,background
magic .background)f))

{defmicrc deb-tag-field (tag o?nd)
‘{parailiel , {get-to-bbus tag
(dpb , tag 4 28. ,epnd)
{microinstructicn force-obus<35-34> bbus<7-B>
force-obus<33-32> bbus<3-4>)))

{defmicro dpb-tag-field-high-onily (tag opnd)
‘(paraiiel .(ge;—to-bbus tag) )
,cpn
{microinstruction force-obus<35-34> btus<7-6>
force-obus<33-32> bbus<5-4>)))

{(defmicro dpb-cdr-field (cdr opnd)
(if {and (not (atom cdr})
{eq {(car czr) 'idb)
{equa! (cdoar ecdr) '(2 8))}
{eetq cdr (cedr cdr))}
{retch “~5 not aligned for dpbing into cdr field, kiudge, kludge" ccdrl})
‘{parailei , (get-to-bbus cdr)
.cpnd
{micrecinstruction force-obus<25-34> bbus<7-6>}))

{defmicro cpb-type-fieid (type opnd)
‘(poratllet , (get-to-bbus_type)
{geb , type 4 28. ,opnd}
{microinstruction force-obus<33-32> bbus<5-4>)))
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sField extraction subprimitives

{paralie! o )
;:Get S-bit tupe field, rotated right 4 bits in a 32-bit word
{assign b-temp_(high-tupe-field top-of-stack-a top-of-stack-a))
{if {(data-tupe? tep-of-stack-a dip-fix dtp-ficat)
(parallc! (neuwtop f{set-tyne (opt b-temp 2 & B) dtp-fix)}
(next-instructicn})
:This bizarre LOB rotates left 4 then masks to B lou bits
{parailte! (neutop {(set-type (strange-ldb b-temp 5 34) dtp-fix})
(next-instruction})}})

{definstl Ypointer (no-operand needs-ctack)
{newtop (set-type (pointer-field top-ocf-stack) dtp-fix}))

(definstl %fixnum {no-operand needs-stack)
{check-data-type top-of-stack-a dtp-float)
{newtop (set-type top-of-stack dtp-fix)))

(definstl Xflonum (no-operand nesds-gtack)
{check-data-type top-of-stack-a dtp-fix)
{neuwtop (set-type top-of-stack dtp-fioat)))

:1"Pointer” construction

{definst] %make-pointer-immed unsigned-immediate-operand
(newtop (dpb-type-field wacro-unsigned-izmediate top-ot-stack-a))})

(definst ¥make-pointer-immed-offset unsigned-immediate-operand
(pop2push (set-type (+ next-on-stack top-of-stack) dtn-fix))
(paralie! (neutop (dpb-type-field macro-unsigned-immediate top-of-stack-a))
(next-instruction?})

;2 cycles because it takes its damned araguments in the urong order
iBits <33:32> can oniy be DPB'ed from the B side (perharcs they could
scome from the Y bus instead, but that would probably break other things).
(defirst %rmake-pointer no-operand
{paraliel
(check-data-type next-on-stack dtp-fix)
{assign b-temp next-on-stack)
(assign next-on-stack to?-of-stack)
( (de?TETent-stack-pointer )} ;Can’t use pop2push in next
pcralle
{newtcp (dpb-tupe-field b-temp top-of-stack-a))
{next-instructicn

12 cycles in order to get a fixnum recsu!t of the correct sign
(d?f;ns}I%?ointer-difference {no-operand needs-stack)
paralle
{assign b-temp (- next-on-stack top-of-stack))
{if {(Tesser-pointer next-on-stack top-of-stack)
{parallel
{popZpush (set-tgye (set-lou~tag-field b-temp 17) dtp-fix))
next-instruction))
{paraliel
{pop2push (set-tg?e (set-lou-tag-fieid b-temp @) dtp-fix))
(next-instructionl))))}

F:>Imach>ucode>subprim.1isp.321

tAccessing memory cells indirect through pointers

{defucode memread :Call with pointer in YA
(star t-memory read) 1Return with data in memory-data
(return))

(defucode memread-urits
(start-memory read write)
{return))

{definst %p-idb-immed (18-bit-immediste-operand needs-stack)
(memread top-of-stack)
{paralle! (newtocr {(set-tuce (!/db memory-data macro mascro) dtp-fix))
{next-instructioni))

iThis is 5 cycles uhereas Yp-ctr-code coutd be dons in 4. Saves opcodes...
(definst Lp-tag-ldb-immed (unsigned-immediate-operand neads-stack)

(memread top-of-stack)

sGet B-bit tupe field, rotated right 4 bits in 8 32-bit word

(assign b-terp- (high-tag-field memory-data memory-datal)

tHere we assume tnat the mask generator does the right thing

380 that uwe can LOB out of this byte which straddies a word boundary

;The macroinstruction’s R in the immediate operand is hacked appropriately.

(paraliel {(neuwtop (set-tupe (ldb b-temp macro macro) dtp-fix})

(next-instruction}))
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(definst Xp-dpb~immed {(18-bit-immediate-operand needs-stack)
{assign vma top-of-stack)
(parallel
(sta~t-memory read urite)
{assign b-temp next-cn-stack)
(decrement-stack-pointer})
(for-effect {(popvall)
“{paratliel
(assign memory-data (cpb b-temp macro macro memory-data))
{start-memory urite
(next-instruction)})

:S cucles. Yp-store-cdr-code couid ba done in &4 cycies, Caves opcodes...
f{definst Yp-tag-dzb-immed (unsigned-immediate-operand needs-stack}
{assign vma top-of-stack)
{parailel
(start-memory read write)
{2ssign b-temp next-on-stack)
(decrement-stack-?ointer))
(for-effect (popval))
{assign a-temp-2 memory-data) s for tenporar? gexory control
(aszign b-temp-2 (high-tag-field a-terp-2 a~tema-2)
{assign a-temp (strange-Icd b-temp-2 & 34)}) sRotate left &4
: MNcw we have the tag field right-justified, do the user’'s oPa
{assign b-temp (dpb b-temp macro macro a-templ)
Re-assembie the memory word and store it back. Not_easg
because everyone in sight is trying to use U AfA fieid.
Have to do the iow & high tag fields separately.
{assign b-temp-2 (dpb b-temp 4 28. a-temp-2})
{assign a-temp b-temp-2)
(parallel
(assign memory-data (dpb-tag-field-high-only b-temp a-temp))
(start-memory Write
{next-instructionl})}

take lou 8 bits

e oo an

sLeaves T0S urong
{definst %p-store-contents (no-operand smashes-stack}
(paralle! (memreag next-on-stack) :--- request write access?
(cecrement-stack-pointer}}
(assign a-temp (merge-cdr top-of-stack memory-datal)
{(paraliel {store-contents a-temp)
(gecrement-stack-pointer)
(next-instruction))}

sLeaves T0S wrong o .
{definst Yn-store-cdr-and-contents {no-operand smashes-ctack)
tparallel (assipnm vma (amem (stack-painter -2}1) sPointer
{decrement-stack-pointar)
{paralilel (assign b-terp (rotate (amem (stack-pointer 1)) 6)) ;Cdr
{decrement~-ctack-pointer})
(assign a-terp (dpb-car-ficld (idb b-temp 2 €) (amem (stack-pointer 1)})) :mergs Contents
{paraiiel (store-contents a-temp)
{decremert-stack-pointer)
{next-instruction})}}

sLeaves T0S wrong
{definst %p-store-tan-and-pointer (no-operand needs-stack smashes-stack)
: a-temp gets pointer-fieid, b-temp gets tag-field
{paraltel (assign a-temp top-of-stack)
- f{2ssign b-temp next-on-stack))
s a-temp gets the word to be stored
{paraltle! (assign a-temp {(dph-tag-field b-temp a-temp!)
(decrement-stack-pointer})
: vma gete address to store it into
(paraltel tassign vma next-on-stack)
{decrement-stack-pointer})
;s store it
{parailel
(star t-memory urite)
{assign memory-data a-temp)
(decrement-stack-pointer}
(next-instruction)))

(definst %¥p-contents-as-locative {no-operand needs-stzck)
{memread top-of-stack)
(paraiiel (newtop {set-turc memory-data dtp-locative))
{next-instruction}})

:Args are pointer and offset, Follou any structure foruarding in the
sheader pointed to by the pointer, then return the reeuit plus the
ioffset, as a locative. Offset isn’t type checked since not convenient.
;:This used to do 2 data-type check, fecrcing the base wcrd to rea!ly be a hzader.
;That turned out to te too inzonvenient, and thes A machine dcesn’t do it,
;s0 1 flushed it.
(definst Xp-structure-offset no-operand

{parailei {(memread next-on-stack)

{assign b-vma next-on-stack))

(transport header-or-data)

{paraliel {popZpush (set-tyre (+ b-vma top-of-stack-a) dtp-locative))

: {next-instruction)))
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{definst foliow-structure-feruarding no-operand
(paratlel (memread top-of-stack-2)
(assign b-vma top-of-stack-a))
(transport header-or-data)l
(paraliel (newtop (pointer-field b-vma top-of-stack-a))
(next-instruction)))

(definst follow~-cell-foruarding no-operand -
{paraliel {check-arg-type B next-on-stack dtp-lccative)
{assign vma next-on-stazk)
{assign b-vka next-on-stack))
(ster t-memory read) .
(if {data-tupe? top-of-stack-a dtp-nit)
(paralle! (trazncport bind-writel
{pcpZpush (set—tg?e b-vma dtp-locative))
{next-instructicn))
{paratlel (trencport write}
(pcpZpuch (set-type b-vma dtp-locativel))
(next-instructionl}}))

;Stop the machine.
- 3For m2crocode breakpoints, this must halt before incrementing the PC. Hence
$SECUSNTIAL rather than PARALLEL.
{definst %nalt no-operand
(sequential (halt %hatt)
(next-instruction))) sAllouw manual procsed

sRecd the microsecord clock
{aefinst 4microsecond-clock no-operand _ .
(assi?n b-tenp (set-type (read-ibus-dev 35 8) dtp-fix))
{parallel (pushva! b-temp)
{next-instructionl}})

33: Bulk memory initialization

sstack-offset -4 -3 =2 -1 g

: {Xblock-store-cdr-and-contents address count cdr contents increment)
i (Xbiock-store~-tag-and-pointer address count tag pointer increment)
sa-temp holds word to be stored

{definst ¥block-store-cdr-and-contents (no-operand needs-stack smashes-stack)
{assign b-tenp i(dpb (amem (stack-pointer =2))} 2 6 8)) sAlign ccr code
{poraliel R sStore-cata

(assign a-temp {dpb-cdr-fieid {idb b-temp 2 B} (amem {(stack-pointer -1}))}
{jump block-store-start)}}

{definct X¥biock-store-tag-and-pointer {(no-cpearand needs-stack smashes-stack)

(3ssign b-temp (amem (stack-pointer -2))) iTeg fieid
{assign a-temp (amem (stack-pointer -1}}) :tPointer field
{paraliel :1Store-data

{assign a-temp (dpb-tag-field b-temp a-temp)s
(jump block-store-start))})

{defucode block-store-start
(assign a-terp (merge-high-tag (- a-temp top-of-stack) a-temp)) ;Pre-decrement store-data
{parallel (assign vma (amem (stack-pointer =4))) sFirst address in block
(jump block-store-fast-lcopl))

iIncrement data, store result in memory and back in data.
:lne increment must not cross a GC spcce boundary since the GC-map lookup
118 on the unincremented data. The adcrees storing into must not be in Amen.
(dg{mncr?ts?ore-ccntents—uith-lncrement (data increment &rest optione)
paralie
(assign ,data {(merge-high-tag (+ ,data ,increment) ,data))
(store-contents obus cbus-as-good-as-abus no-amem . .options}})

{defucode bicck-store-siow-loop
;s Test count
(if (minus-or-zero-fixnum (a2mem (stack-pointer -3)})
(parallei (assign stack-pointer (- stack-pointer (b-constant 5}))
(next-instruction))
{drop-threcugh))
{stere-contents-with-incremant a-temp top-of-stack block)
;:Update arcuments .
{assign {amem (stack-pointer -3)) (set-type (1- (amem (stack-pointer -3))) dip-fix})
{assign {amem (etack-pointer =4)})
(set-tupe (l+ (amem (stack-pointer ~4}}) dtp-locative))
{paratlel lassign (amem (stack-pocinter -1)})
{merge-high-tag (+ {amem (stack-pointer -1)) top-of-stack)
{amem {stack-pointer -1)}})
(jump block-store-siow-locp)))

(defucode block-store-fast-ioop
(if (lesecer-fixnum (amem (stack-pointer -3)) (b-constant 8))
{gnto bleck-store-siow-loop!)
{(drop-threoughl)
(store-contents-with-increment a-temp top-of-stack biock)
(stere-contents-uith-incrensnt a-temp top-of-stack bleck)
{store-contents-uith-incremant a-temp top-of-stack block)
(store-contents-with-increment a-ternp top-of-stack block)
(store-contents-with-increnent a-temp top-of-stack block)

e we

Almost done, go slou
Block-urita eight words



- 4,887,235
277 ' 278

{store-contents-with-increment a-te=p top-of-stack block)
(store-contente-with-increment a-temp top-of-stack block)
{store-contents-uith-increment_a-temp top-of-stack tiock) L
tassign (amem (stack-pointer -3)) . ;Now checkpoint into arguments
{eet-tupe (- (amem (stack-pointer -3)) (b-constant 8))} cdip-fix))
(assign (amem {stack-pointer ~4)) .
{cet-type (+ (amem (stack-pointer -4}) {(b-constant 8)) dtp-iocative})
(parallel (assign (amem (stack-pointer -1)) )
{merge-high-tag (+ (amem (stack-pointer -1)) . .
{dpb top-of-stack 28. 3 8)) ti.e. multiply by 8
{arenm {stack-pointer -1))})
(jump block-store-fast-iocp}))

~

sRe2d an unsynchronized device register. This relies on the fact that the

seculator task has its own MD register{s), which can be used as a synchrenizer.

s---Take out the forced dtp-fix when we gat rid of the rev-1 [/0 board, which

---doesn’t aluzys set the data tupe when reading registers.

{definst dunzynchronized-device-read no-cperand
{memread tcp-of-stack-a) i .
{nop} sDetay 1 cycle before lcoking at register
(paraile! (declare-memory-timing data-cycle) ;Fake cut error checking in microcods compiler

(neutep (set-tupe memory-data dtp-fix})

{nexi-instructionl)})

iThie interlocks 37ainst tasks, but cannot interlock against the FEP
sUniike the A-rmazhine, pclsring enables interlocking to work even i the
iold value is trarzported. Interlocking does not work in the presence
icf forucrding-pointers, however.
(de¢inst store-conditional {(no-operand needs-stack)
(paratlel
{checn-arg-tupe B (amem (stack-pointer -2)) dtp-locative)
{memrecg-write (amem (stazk-pointer =2))})} :First ensure wurite access

(parallel :Then read it again, interlocked
{start-memory read) :This won't start if task ewitch impanding
( (di?ab:e-tasking}) ;Prevent task switch before data cycle -
paralle
{assicn b-temp next-on-stack} s0esired old contents
{(cssign a-temp top-of-stack) tilew contents
(decrement-stack-pointer)
{disabie-tasking) sPrevent task suwitch before store started
{paraliel

{trcneport)
{acsign b-temp memory-datal
{if (equa!-typed-pointer memory-data b-temp)
{scquent:g! sSuccecd
(store-contents a-temp (cdr b-temp))
(parallel
{popZpush quote-t)
(next-instruction}})
(parallal sFail
(pcnZpush quote-nil)
{next-instruction)})})

F:>Imach>ucode>stack-buffer.l1sp.67

;s -%- Mode:Lisp; Fackage:Micro: Basc:8; Louercases:yes -x-
+ (c) Copyrignt 1982, Symbolics, Inc. ¥

1x

icrocode for maintenance of the stack buftfer

m
(declare (cond ((not (status feature Imuccda))
{load 'udcisz

{deciare (epecial wxpage-sizex}] :in SIM

:0ump a page out of the stack
sChecks for stack overflen, unmaps the pace from the stack buffer, and pushes
:state into the stack, s=tting stack-!oad-started.

firet address to dump

tast address to dump +1
This stack state allous the instruction to be pclisred during the dumping process
After the dumping is complete, the si‘ack-buffer-underflicu bits are resst to
refiect the new bottom tram2 in the ctock, the state is removed, stack-iocd-started
is cleared, the new page is mapped into A-mercry, and ithe stsck-buffer audrecs and
limit are adjusted.
Must not attempt to stack-cioup-suitch while stack~lcad-started flag is set!
definst stack-durn no-operand

(it tnot (bit stack-load-started))
{sequential .
{error-if (greater-or-equal-pointer stack-limit Zcontrol-stack-limit)
stack-overflion!
{pushval {(set-tupe Ystack-buffcr-low dip-fix})

AmPE 40 @b s we 4 w0 @b
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-- Temperary kludge necessary because stacks are arrays, which they
-- shouldn't b2, and hence zra not pane-ali-~ned
(lesser-poirtor tonegf-stack “control-stack-lcow)
(newtop {zeil-tupe Yzontroi-stack-low dip-fix})
{drop-throughl
(pusnval (set-type (+ ¥stack-buffer-iow (b-constant spene-sizex)) dtp-fix))
(parallel (assign h-temp %stack-buffer-iowu) sUnmsp old page
(2ssign Kstack-buffer-iou top-of—etack5
(cail ctear-b-temp-page-from-map-cache))
(paraliel {assign stack-load-started (b-constant 1)) .
(cleer-stack-adjustment)}) sKeep this stack state if pcisr
{crop~-throunqh)}
(paralle! ({(assign xbas next-on-stack)
{assign vma next-on-stack!
(c3ll stack-dura-ipop))
{paralie! (assign vma (+ Lstack-buffer-lou (b-constant {(x 3 wxpape-sizex)}))
{call mcp-pene-to-stack-buffer)) sftap new fourth page
{paralte! {decrementi-gstazk-pointer)
(2ssiun stack-load-started (b-constant 8)))
{parailel (for-effect {(pcpvail} .
(jump adjust-frame-buffer-underflou-tits))}

-

(defucoaz stack-curp-lcep
(i ¥ {(equai-pointer next-cn-stack top-ocf-stack)
{goto set-stack-buffer-iimit)
$:0umc 1 word. For real memory control, can change this to do 8 wc~ds in a block
iiurite, then advance xba2s and next-on-stack by & instead of 1. lust be careful
;inot to advance state until afier guaranteed not to pzge-fault.
{sequential
{store-contents (amem (xbas £)))
(paralie! (assion next-on-stack (1+ next-on-stack)})
(asgsi_ 1 xtas obus)
{assign vma obus)
(jump stack-dump-ioop)})})}

(defuccde cet-stack-buffer-!imit
+ Now decide how many pages of stack buffer to usc. Normally &, uniess we zre
;s clcee te the end of ihe stack.
: Naximum frame cize is 4L3 here. Decrease this to 183 later when compiler detects
; large frames and generates explicit checking instructions
assicn stack-limit {set-tuse (+ Zstack-buffer-low (p-constant (- 2833 408 1))) dtp-fix))
if {greater-pointer stack-limit %control-stack-limit)
{assign stack-limit %control-stack-fimit)
{drop-througi))
i: Set Ustack-buffer-limit to highest virtual address in stack buffer.
3t Thic l+ is because trz maxjnum frame size is 480, if it was smaller it could be deleted.
(2ssign %stack-pufier-limit (l+ stack-limit})
(paralilel
(assign ¥Ystack-buffer-limit
( ];fet—tgpe {logicr %stack-buffer~limit (b-constant {1- xpage-sizex})) dtp-fix))
return

:Stack-buffer loadina. At this point the current frame is not even in
s the stack buffer.

sFind the pravious frame and decide hou many pages need to be loaded into tha
:stack buffer. le need all of the current frame plus the part of ita caller
sthat contains our arguments. Unmap that many pages from the high end, ccpy
ithe pages from main memory into the stack buffer, then map those addresces
:;nto A-memory. Aajust the frame-buffer-underfiow bits in the newiy-loaded
s frames.
:The following state is kept in the stack across pcisrings, protected by stack-ioad-started.
First addrcse to be loaded
Next adcress to be [oaded
Last address to be |paded+]
definst stack-icad no-operand
(if (not (bit stack-load-started))

-~ ot ao

{sequential
;1 Read frame-previous-top from memary
{memread (- frame-pointer (b-zenstant &4)))
(assign a-temp (1+ memery-dats)) sLowsst address in frame

33 Push state (neu Xstack-buffer-lou, range of memory to be loacded)
{pushval (set-type (logand a-temp (b-constant (- xpage-sizex)}) dtp-fix))
{pushval top-of-stack)
3;--- Temporary kludge necessary because stacks are arrays, uhich they
33--- shouldn’t be, and hence sre not page-aligned
{if (lesser-pointer top-of-stack %control-stack-low)
{newtop (set-tupe %control-stack-iow dtp-fix))
{drop-thrcugh) ]
{pushval (set-tune ¥stack-buffer-icu dtp-fix))
{parallel {assign stack-ioad-started (b-constant 1})
{clear-stack-adjustment))} sKeep this stack stata if pclsr
(drop-thrcugh))
{paraillel {assign xbas next-on-stack)
{call stack-load-locop))
(paraliel (assign stack-load-started (b-constant 8))
(cali stack-ioac-setup-map))
‘paralle! (for-effact {popvall}
{jump adjust-frame-puffer-underflou-bits)))
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i --- i.dhe a tempcrary debucging test before entering the real! stack-load-toop
i--- The criginal reason for this has been found, but it probably doesn’t hurt
;--- to ieave the test around for a3 whiie. If the frame-previous-top of a frams
;--- ever gets clcbbered, this wil! causz the machine to halt before the stack
1--- buffer contents get tctally trashed.
{defucode stack-load-Toop

{assign b-temp (- top-of-stack next-on-stack))

{paraliel (trap-if (greater-pointer b-temn (3a-constant 1482))

(ha!lt stack-buffer~fucked-up))
(jump stack-load-loop-1))}

{defucode stack-!oad-loop~1
(if {equai-pointer next-on-stack top-of-stack)
(paraile! (assign stack-pointer (- stack-pointer (b-constant 2)))
{jump fixup-tos)) . X
iLlead 1 word. For real memory control, can change this to do 8 words in a block
s3reac, then advance xhas and next-on-stack by 8 instead of 1. Must be careful
ssnot to advance state until after guaranteed not to page-fault.
{sequential
{assign vma next-on-stack)
{start-memory read)
{peraliel (zesicn next-cn-stack {1+ next-on-stack})
{assign xbas obuel})
(paralilel {transpcrt)
(assign (amem (xbas -1)}) memory-data)
(jump stack-icad-iocp~1)111}) :

sLoop movin? %stack~-buffer-iou doun 3 page and mapping that page unti! al! the pages
sthat were {caded have been processed
tAleo as ue 0o, unmap the pages tnat used to map into the same Amem page (from the
;other end of the stack buffer)
{defucode stack-ioad-setup-map .
{acsign Ystack-tuffer-low (- Ystack-buffer-louw {b-constant xpage-sizex)))
(paraliel {(assign vma (+ %stack-tuffer-louw (b-constant (x & spage-sizex)}))
) (call clear-paga-from-map-cache))
(if (equal-pointer Xstack-buffer-iou tcp-of-stack)
(paraliel {assign vma ¥stack-buffer-lou) L
(cail-and-return~to map-page-to-stack-buffer set-stack-buffer-limit))
{parallei (assign vma Xstack-buffer-1low)
{call-znd-return-to map-page-to-stack-buffer ctack-ioad-setup-map})))

sAdjust the frame-buffer-underfliou-bits of 8/! frames in the stack buffer
180 that the iouest completmiy~-in frame has a 1 and the rest have a 0.
s--- Possibilities for pumming this to avoid having to set hits to

;--- 2ero (zaves one cycle per frame). Rerember thes frame uhosa bit

1--- is set, and before dumping clear it. Thus uhen loading all the

;--- bits will be loaded as zero, and when dumping ue need not clear

;--- any bits since they are aiready clear.

:Frame fieid accessors rei3tive to xbas rather than fp

(defatomicro xframe-misc-data
(azem (xbas -2))})

(defatomicro xframe-previous-top
(amen (xbas ~4)))

(defatomicro xframe-previous-frame
(amen (xbas -5)))

{defatomic-byte-field xframe-buffer-underficu-bit frame-buffer-underflou-bit
xframe-misc-data)

{defatomic-byte-field xframe-bottom-bit frame-bottom-bit
xtrame-misc-data)

: The code
{defucode adjust-frame-buffer-underflou-~bits
(assign b-iemp {+ %stack-buffer-lou {b-constamt 5)}) ;Frame underhang
(paralie! (assign xbas frame-pointer)
(assign b-tem=p-3 obus)
{jump adjust-trame-buffer-underfiow-bits-1)))

{defucods adjust-frame-buffer-underfiou-bits-1
(if (lesser-pointer xframe-previous-frame b-temp) 1Prev frame not in
{sequential

(ascign b-temp {(l- Ystack-buffer-iow))

(if (lesser-pointer xframe-previous-top b-tenp) :This frame not all in
(assign xtas b-temp-2) 180 back up one franme
{drop-through) }

{parallel

(assign xframe-buffer-underflonw-bit (b-constant 1})
{returnl)}}
(if (bit xframe-bottom-bit)
{return) sBottom of stack, all frames in
{sequential
(assign xframe-buffer-urgerflou-bit (b-constant 8))
fassign b-temp-2 b-temp-3)
(paraliel {(assign xtas xframe-previous-frame)
(assign b-temp-3 obus)
(jump adjust-frame-buffer-underfiou-bite-1)))}))
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F:>1mach>ucode>sg.lisp.41

133 -»- Mode:Lisp; Package:Micro; Base:8: Lowercase:yes -x-
333 (c) Copyright 1982, Symoclics, Inc.

s Microcode for stack groups

:Get defmicro and al! his hosts

m

(declare {cond ((not (status feature Imucode))
(load "udcls) i)

{reserve-scratchpad-memcry 2444 2458 337 348)

{defareg a-stack-group-lock) ¢NIL normally, elee how far we have gotten
: in the procees of suitching {sce the code)
(dafareg a—stack—group-enterin?) ;stack-group in process of entering
{defareg a-stack-group-ieaving s tracks for dsbugging cniy
{defareg a-stack-group-argument) ;:Value being conveyad acress SG euiteh
(detbreg b-binding-boundary) ;Boundary betwezn swapped and uncuapped binding stack

(define-enumerated-value-constants xsg-arg-status-codes:x)

:This instruction is called by the stack-group-suitch primitives, as uel! as
sfrom an escape function used for seguence brezaks and error traps. N

.

:Takes three arguments on the stack:
lhe value to be conveyed
The stack group to switch to .
The new value for SG-STATUS-BITS of this stack arougﬂ
Normally the third argument is simpiy a_new vaiue for 5G-ARG-STATUS, houever
if higher-order bits are on they get I0Red in, allowed nonresumabiiity bits to get set.

Will return with a value on the stack unless the neuw SG-ARG-STATUS is %SG-ARG-NOME.
1f the neu S5-ARG-STATUS is XSG-ARG-BREAK, then the first argument is the FC to

be uced uhen this SG is resumed, instead of the current FC, and no value is

to be returned in the stack either.
A
W
P

Iso ue have (associated with the stack group lock) 2n indication of hou far
e have progressed, so that this instruction can be pclsred.

@0 0% @F 00 9P wr 40 o @0 =0 20 <0 we v

roceed as follous:
[f the stack-group lock is aireadu locked, re-enter at appropriate point
Error if target stack group not resumable
Shuffie the stack to reflect how we want it to be upon return
This means leave a slot for the value if necessary, then push the PC
Lock the stack-group lock
Dump the entire stack buffer
Suzp the special-wvariable bindings
Dump the stack group state (including FP, SP) into main memory
Load the new stack group state from main memory into A-memory, FP, SP
Load the stack buffer {(for the current frams)
Stash the argument in the stack if wanted
Unsuap the bindings
Unlock the stack-group lock
Popj

{definst %stack-aroup-suwitch (no-operand needs-stack)
;3 Check for retrying after pclsr
{parallel
(dispatch-af

€8 *6 90 @0 40 w0 ¢4 as wb 98 95 ve ws s we

r-next (ldb a-stack-group-lock 3 8)
(noto continue-sg-stack-buffer-dump))
(goto continue-sg-suap-out-bindings))
(goto sg-dump-state))
{goto sg-load-state))
{aoto continue-sg-stack-buffer-ioad))
({5} (goto continue-sg-cuap-in-bindings))}
(if (not (data-type? a-stack-group-lock dtp-nilJ)
{take-dispatch)
(assign a-stack-group-ieaving %current-stack-group)})
i1+ Check resumability of ncw stack group
(paraltel {check-data-type next-on-stack dtp-array)
{memread (+ next-on-stack (b-constant (field-word-offset ’sg-nonresumability)})})
{paralietl (transport data)
{trap-if {not (zero-fixnum (eg~nonresumability memory-data)})
{signal-error stack-group-not-resumabie)
:: Process arguments and chuffle the stack appropriately
{assign {sg-arg-status Ycurrent-stack-group-status-bits] top-of-stack)
(paraliel lassign %current-stack-group-status-bits
(set-type (logior Xurrent-stack-group-status-bits top-of-stack) dtp-fix})
(decrement-stack-pointer})
(paraliel (assign a-stack-group-entering top-of-stack-al
{decrement-stack-pointer))
{assign a-stack-group-argument top-of-stack-a)
(if (lesser-or-equal-fixnum-unsigned (sg-arg-status %current-stack-group-status-bits)
. %sg-arg-break)
(if {equa!-fixnum (sg-arg-status Ycurrent-stack-group-status-bits) %¥sg-arg-break)
t: PC on stack, no value siot under it, pass self as argument

t
2
1
2
3
4

s o o
o s o
et e e ()
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(2ssign a-stack-group-argument Ycurrent-stack-group)
33 Put PC on stack, no value slot under it
{newtop poid
33 Normal case, put FC on stack with value siot under it
{puchval pcl)
s Prepare to dump the stack buffer
puchv3dl {set-type %stack-buffer-lou dtp-fix}) sFirst address to dump
3=-- Temporary kludge necessary because stacks are arrays, which they
1~--- shouldn't be, and hence are rot pa?e-aligned
if {lesser-pointer top-of-stack %centrol-stack-!ow)
(newtcp (eet-type %Zcontrci-stack-ilow dtp-fix))
(drcp-through)?
{puehval (cet-tyre stack-pointer dtp-fix)) sLast address to gump+l
{paraliel {assion a-stack-group-lock (set-type (a-constant 8) dtp-fix))
{clear-stack-adjustment)
{jump sg-stack-puffer-dumpl))

(
t

{defucode eg-stack-buffer-gump
is Unman all of the stack buffer pages
(assign b-temp %stack-buffer-|ow)
(if (Tescer-pointer b-temp %stack-buffer-limit)
{parailel
(assign Xstack-buffer-iow (+ ¥%stack-buffer-low (b-constant xpage-sizex)))
{cati-and-return-to clear-b-temp-page-from-map-cache sg-stack-buffer-dump))
{gsto continue-sg-stack-buffer-dump 3]

(defucode continue-sg-stack-tuffer-dump
{paraiie! (assign xbas next-on-stack)
{assign vma next-cn-stack)
{call stack-dump-iocp}}
;3 Remove stack-dump-loop arguicents from the stack
(assign stack-pointer (- stack-pointer (b-constant 2))) .
;3 Tnere is now nothing mapped into the stack buffer, oot |
(assign %stack-buffer-lou (set-type {(a-constant 1777777777)
33 Prepare to suar the special-variable bindings.
iassi?n ?-binding—boundarg {1+ ¥binding-stack-pointer))
paraile
(assign a-stack-group-lock (set-tuse fa-constant 1) dtp-fix))
(jump continue-sg-suap-cut-bindingsl}))

t lo highest poesible pointer
dtp-fix}}

{defucode continue-sg-suap-cut-bindings
{if {equal-pointer b-binding-boundary %binding-stack-lou}
33 Uone whole binding stack
{goto sg-dump-ctate)
{drop-through))
:: Read the pointer to the bound location
(memread (l- b-binding-boundary)}
{parailel (transport)
{assign b-temp memory-datal)
:: Read the old contents cf the bound location, checking urite accees
{mexread-urite (- b-binding-boundary (a-constant 2})}
(parailel (transport bing)
{assign a-temp-2 memory-data))
33 Read the current contents of the bound location
{wemread b-temp)
fparallel (transport bind)
(assign a-temp memory-data)
(assign b-temp memcry-datal)
:: Hrite the old contents there (preserve cdr code)
(atore-contents a-temp-2 (cdr b-temp))
33 Store current contents into binding stack (better not pclsr!)
(paraile! (assign vma (- b-binding-boundary (a-constant 2)))
{assign b-binding-noundary (- b-binding~boundary (a-constant 2))})
{paralle! {store-contents a-temp)
{jump continue-sg-suap-out-bindings)))

(defucode sg-dump-state
33 Dump FP, SP, and the A-mem copy of the stack group state into memory
: If this pcisrs in the middle, 1t can just start over from the beginning
assign a-stack-group-lock (eet-type (a-constant 2} dtp~fix))
33 Write FP, SP_Tn not-pointer mode to defeat the phantom stack gc that doesn’t exist yet
{assign vma (+ %current-stack-group (b-constant (fie|d-word-offest 'sg-frame-pointer))})
(store-contents (set-tync frame-pointer dtp-ioccative) block not-pointer)
(store-contents (set-tupe stack-poinier dtp-lccative) biock not-pointer)
33 RNake sure "active" 18 cleared in the stored state
(assign (sg-2ctive-bit Yzurrent-stack-group-status-bits) (b-constant 8))
{assign vma (+ Xcurrent-stack-group
(b-constant (field-word-offset *sg-binding-stack-pointer}))}
(stcre-cocntents Ybinding-stack-pointer block)
{store-contents ¥catch~block-list biock)
{paralle! -istore-contents Zcurrent-stack-group-status-bits block)
(jump eg-load-state)})

® e

sfMicro to simulate block reads. Also does transport. Get a word every 4 cycles.
{defatomicro next-memcry~data
{parailel (declare-memory-timing data-cycie) ;Coder better get it right...
{trancport dgata)
menory-data
(call start-read-next)))
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:Subroutine for the above

{defuccde start-read-next
tparalietl (assign vma (l1+ vmal))
: (jump memread)))

(defucode sa-licad-state
st Load F', SP, and the A-mem copy of the stack group state from memory
i: !f!thzs pcisrs in the middie, 1t can just start over from the beginning
paralle
(assign a-stack-group-lozk (set-tyre (a-constant 3) dtp-fix))
{call sg-load-state-interna!))
Set up to load thc stacr buffer., Lcad from the beginning of the page
that includes tne beginning of the current frame up to top of stack.
:: Read frame-previous-top from memsru
gzsign vma (- trame-pointer (b-constant 4)))
{start-merory reaz)
lacsign a-stack-group-lock {set-type (a-constant 4} dtp-fix))
l2ssign a-temn (s2t-tupe (1+ memory-data) B)) :Louest address in frame (don't transport!)
{pushval (set-tyne (icgand a-temp lb-censtant (- xpage-sizex))) dtp-fix})
{pucnval top-of-stack)
$i--- Temporary kludge necessary becauss stacks are arrays, which they
t3--- shouidn’t be, 2nd hence are not pa?e-aligned
{if {lescor-pointer top-of-stack ¥control-stack-!ou)
{neutop {cet-type %contrei-stack-low dtp-fix))
(drop-thraugh) )
{paratlel {ruchval {cet-tupe (1« stack-pointer) dtp-fix)) sFirst addr not to load
: {ciear-etark-adjustment) sLeave in stack if pclsr
{jurp continue-sg-stack-buffer-ioad)))

{defucode sg-ioad-state-internal
(memread {+ a-stack-group-entering (b-constant (field-word-offset 'sg-trame-pointer))))
(assign frame-pointer next-memory-datal
fassign stack-pointer next-memory-data)
fascign %control-stack-low next-memery-data)
(assign Xcontrof-stack-iimit next-memoru-data)
{assign A“binding-stack-low next-memory-datal
{assign ¥binding-stack-limit next-memory-data)
(assicn Xbinding-stack-pointer next-memory-data)
(assign %catch-block-1ist next-memcry-0ata)
{paralle! (declare-memory-timing data-cycle)
{transport data)
(assign Xcurrent-stack-group-status-bits memory-datal)}
(assign Xcurrent-stacx-group a-stack-group-entering)

i; Set the active bit in this SG's stored state, clear other nonresumability bits
(nerread (+ a-stack-group-entering (b-constant (ficld-word-offeet 'sg-active-bit)}))
(paratliel {check-data-type memory-data dtp-fix)

(assign a-temp {andc2 memory-data (b-constant {bute-mask sg-nonresumabilityl})))
(paraliel (store-contents (set-type (Icg;or)a-temp (b-constant (byte-mask sg-active-bit)))

dtp-fix
not-pointer)
(return}))

{defucode continue-sg-stack-buffer-load
i3 Load the current frame into the stack buffer, along uith the rest of the page
;3 containing the beginning of the current frame.
(paraitel (assign xbas next-on-stack)
(call stack-load-loop))
;3 Decide how much stack buffer to use
(parailel (assign Xstack-buffer-iow top-of-stack-2)
(assign top-of-stack top-of-cstack-a}
(cal i-and~return-to sst-stack-buffer-|imit
sg-stack-buffer-ioad-setup-map)})

(defucode sg-stack-buffer-load-setup-map
i3 Locp mapping all pages that are in the stack buffer
i3 including those beyond the current end of the stack.
33 Contorted way of writing it is to avoid getting too many blocks in a rou
33 | can’t see a reasonable way to share code with normal stack-buffer maintenance
(nestop (+ top-of-stack-a (b-con3stant wpage-sizex)))
{parailel {assign vma (- top-of-stack-a (b-constant rpage-sizex)))
{cail mzp-page-to-stack-buffer))
(if (lesser-pointer top-of-stack %stack-buffer-limit)
(jump sg-stack-buffer-|oad-setup-map) sshould be goto, but...
{drop-throughl)
13 Finish loadins up those frames, finish popping stack-ioad-locp's state
(paratilel {for-etfect (popvall)
{clear~-stack-adjustment)
(call adjust-frame-buffer-underflou-bits))
; Ncu stash the zrgument in the stack, if wanted
if (greater-fixnum-unsigned (sg-arg-status %current-stack-group-status-bits)
%sg-arg-break)
{assion next-on-stack a-stack-group~argument)

{

{drop-through})

t3 S=t up to swap in the bindings

(assi?n b-binding-boundary %binding-stack~ow)

{(paraliel
{assign a-stack-group~iock (set-tg?e (a-constant 5) dtp-fix))
{jump continue-sg-suap~in-bindings)))
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{defucode continue-sg-suap-in-bindings L .
(it (greater-pointer b-binding-boundary %binding-stack-pointer)
1: Uone whole binding stack--we're all done
(paraliel (assign a-stack-group-iock quote-nil)
(jume popj))
{drep-throunh) ) o
s3 Read the pointer to the bound lccation
(memread (l+ b-binding-toundary))
(parailel {(transpocrt)
{acsign b-temp memory-data)) ) .
1+ Read the bound contents of the bound location, checking wurite access
Arenreac-urite b-ninding-toundary)
(paraliel {tramsport bing)
(assign a-temp-2 memory-data)) .
;: Reao the current cocnients of the tound location
{memread b-temp)
(paraliel {transport bind}
{assign a-temp memory-datal
tassign b-temp memory-datal)
11 Hrite the bosund contentis there (preserve cdr code)
{stcre-contents a-temp-2 {(ccdr b-temp})
i3 Store current contents into binding stack {better riot pcisr!)
(assign vma p-binging-boundary) .
(store-ccntents a-temp)
fparaitel (assign b-binding-boundary (+ b-binding-boundary (a-constant 2)})
{jump continue-sg-swap-in-bindings}))

F:>1mach>ucode>proto-trap.lisp.1

11 -%- Mode:Lisp; Package:Micro; Base:8: Lowercase:yes -x-
;3 (c) Copyright 1882, Symboiics, Inc.

: Microcode for Trap Mandiing on “prototype” machine

éget defmicro and all his hosts

{declare (cond ((not (status feature Imucode))
(tead "uccls))))

;lnvisible-pointer traps

;1f transporting was needed, it has happened already
:Times 2 cucles trapping + 2 cucles herc

s+ 3 more because of the temporary memory control

{

defucode-at-loc inviz-trap 18012 strap-2 handler
(paraitel
{trap-cave)
(assign vma a-vma-copuy) sget the memory-data again

(assign b-vma a-vma-copy))
(start-mercry read)
{nop)
{paraillel
{(assicn vma memory-data)
(if (cata-type? memory-data dtp-body-foruard)
i3 Body forward points to header forward
{eequentia!l
(star t-memory read)
(assign b-vma {- t-vma a-vma-copy))} :0ffeet into structure
(assign vms (+ memory-data b-vma))} tAddress word in target structure
{drop-throughl}})
(trap-restore
(staeri-memcry read)
(assign b-vma a-vma-copy)))

:Halt here it we accidentally popj_with 17 in the CSP
{defucode-at-loc no-ifu-present 17774 .
(paraile! (halt no-ifu-present) (jump no-ifu-present)))

{defucode-at-loc error-trap 18818 s trap-8 handler
{parallei (trap-save) ’
(lisp (enter-error-handler})
(if (not (zero-fixnum (sg-ha!t-on-error Zcurrent-stack-group-status-bits}))
{paraliel (halt error-in-error-handier) (jump error-tran))
;3 Fixup the stack first, since we need to push some stuff
{cali-and-return-to restore-stack-pointer error-trap-1J1}J))

{defucode error-trap-no-restore-stack
{parallel {trap-save)
(lisp {(enter-error-handier))
(if (not (zero-fixnum (sg-halt-on-error Zcurrent-stack-grous-status-bits)))
{paralie! (hal!t error-in-error-handler} (jump error-trap)
i3 Fixup the stack first, since we need to push some stuff
{goto error-trap-1))))
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{defucode error-tran-1
i3 1f an error occurs, halt
scign (sg-halt-on-error %current-stack-group-status-bits) {b-constant 1))
Push the address of the microinstruction that signalied the error
esign b-temp (logand (pop-control-stack) (b-constant 37777)}))
pushval (set-type b-temp dtp-fix))
pushval (set-tupe a-vma-copy dtp-locative))
Moxe the pc point such as to retry the failed instruction. The error handler is
likely as not going to mess with our state anyway.
The stack was already restored anove.
ake-pre-trap sigrai-errcr preserve-stack))

LRI LR e L)
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F:>imach>ucode>PREDICATE.LISP.14

; ~-%- Mode:Lisp; Package:Micro: Base:8; Lowercase:yes -x-
: (c) Copyright 1382, Symbolics, Inc.

: Microcode for primitive predicates
:Get defrmicro and all his hosts
M

(deciare {cond {((not (status feature Inmucode))
(load ‘udclisl}l)

{defucode truel
(parallel (neutop quote-t}
(next-instruction)))

{de fucode falsel .
(parallel (newtop quote-ni!)
{next-instructionl)))

{definst eq {no-operand needs-stack)
{parallel
(if (equal-tuped-pointer top-of-stick next-on-stack)
{goto truel)
{goto faicell)
(decrement-stack-pointer))})

{(definst eg! {(no-operand needa-stack)
{paraiiel
(if (equal-typed-pointer top-of-stack next-on-stack)
(gcto truel)
{goto faisell)
{decrement-stack-pointer)
{check-data-type-and-dispatch
{next-on-stack dtp-ficat dtp-extended-number)
1t the tupes differ, simply return nil
This has the bug that fionum NAN’s pass through.
flonum-fixnum extnum-fixnum extnum-fionum flonum-extnum}
goto faisel))
[f the tupes are the same, do appropriate comparison
Due to [EEE stancard, non~-eq flonums can be egual,
: plus and minus zero for example
((flonum-fionum)
{goto fequa!l)
{{extnum-extnum}
{jump extnum-equallll}))

T
40 Wh s av we

.s oo ws

(definst not no~operand
{if (data-type? top-of-stack-a dtp-nil)
{(goto truel)
(gote falsell)))

(definst atom nmo-operand
(if (d3ta-tupe? top-of-stack-a dtp-iist)
(goto falsel)
(goto truel)))

;:This is the Common Lisp version of LISTP, not the present one
{comment
{definst |istp no-operand
(if (data-tyoe? top-of-stack-a dtp-list dtp-nil)
(goto truel)
{goto faisell)})
};end comment

{definst floatp no-operand

(if {data-type? top-of-stack-a dtp-fioat)

{goto truel)
. {drop-throush})

(if {not (data-tupe? top-of-stack-a dtp-extended-number))
{goto falsel)
(arop-through))

t1--- Here see if it's an extended-precision flioat

(jump falsell))
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{definct rumberp no-operand
(if {data-type? top-of-stack-a dtp-fix dtp-fioat dtp-extended-number)
{goto truel)
(goto faleel)))

{definst sumbolp no-operand :
(if (data-type? top-of-stack-a dtp-symbol dtp-nil)
(goto truel)
(goto faisel)))

Adefinst arrayp no-eperand
{if (gata-tupe? top-of-stack-a dtp-array)
{gote truel)
{goto faisell))

F:>tMach>Uccde>NET.LISP. 71

-»- Mode:Lien; Package:Micro: Bace:8:; Lowercase:yes -x-
{c) Copyrigh® 1882, Symsbolics, Inc.

{reeerve-scratchpad-memory 2328 2531 314 324)

{asccciate~dicpatch-cues net-micro-status xnet-micro-status-codess)
{(define-cnumerated-vaiue-constants xn2t-nmicro-status-codesx)
(detatomic-byte-fieid net-micro-status {4 &) Ynet-micro-status)

(defareg %net-block-pcinter) :Pointer to next block
(detareg ¥net-memory-address) sAddress in thnis block
(gefareg Znet-word-count) slord count of this block

i3 Packet we ara receiving into or -1
{cefcreg inest-packet-being-received (set-type -1 dtp-fix})

+3 Packe! we are transmitting cr -1
(defareg Znet-packet-teing-transmitted (set-type -1 dtp-fix))

(defareg %net-control-addrees) tAddress of the control register
(cefareg net-dma-teap)

i3: A netuork unit is 512 bit times, but the board times 128 bit times, £o that
sy We must multiply by 4

(defareg ¥net-backoff-count) . 312us units to back off
(cefareg Xnet-next-backoff) tMask of units to back off

sbetucen 2°n-1 where n is
sthe nth retransnission + 2

{defbreg Xnet-addrees-1) s0ur net address
{detpreg Ynet-adaress-2)
{ceforeg net-b-temp)

{defmicro set-net-status (net-status-code) .
‘{assign a“net-micro-status (set-type ,net-status-code dtp-fix)))

Hakeup the net service task
Tnic is called in the DA task usually, but can also be called. by the emulator
defmicro wakeup-net-service
‘iperaltel (assign service-task-requests
(logior sarvice-task-requasts
{b-constant {(byte-mask ZXservice-net})))
}?akeup-task %device-service-task)

.
v
.
3
{

{defmicro terminate-net-dma (net-status-code &optional (end-p t))
‘{sequential
(set-net-status ,net-atatus-code)
(net-contro! nil ,end-p)
{peralliel {wakeup-net-cervice’
{(jump net-ama-dead))))

{defmicro start-net-dma (location)
‘{urite-task-state Xnet-dma-task
(a-constant ’ (build-task-state cpc , location
npc (n?c—successor , location)
esp 17)11))

{de¢amicro io-board-bug-deiay ()
‘{parallel (disable-tasking)
(declare-mencry-timing (next active-cycle))))

{eval-wuhen (compile iocad eval)
(dafun net-buffer-address (dma-p diemiss-p end-p)
(logior (if dma-n 1 B)
(it disuiss»g 2 9)
{if end-p 4 B)
18))

};eval-when compile load eval
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(defricro read-net-buffer (Sopticnal (dismiss-p nil) (end-? nil))
(let {{dev-addr (net-buffer-addresz nil dismiss-p end-p)))
‘(parailel {extra-time-to-drive-lbus)
(reag- |bus-dev iob ,dev-addr)
o,(if dismiss-p '(dismisc)))))

(defmicro service-read-net-buffer (&optional (dismiss-p nil)
(tet ({dev-2ddr (ret-buffer-acdress nil dismics-p end-g)))
‘frerattel (extra-tine-to-drive-|bus)
(read-\bus~dev iob ,dev-addr))))

{end-p nil})

{defmicro service-net-centrol (8optional (dismise-p nil) (end-p nil))
(iet ((dev-addr (met-buffer-address ni! dismiss-y end-pl})
‘{paralie! (urite-ibus-dev iob ,dev-addr nil)}))

(detmicro transmit-dma (adcr &optional (dismiss-p t) {end=-p nil))
(tet {(dev-addr (net-buffer-address t dismiss-p end-p)})
‘fparalie! (start-memory read physical ,addr dma isb ,dev-addr)
2(if dismiss-p *(dismiss))))]}

{defmicro receive-dma {(addr &optional (diemiss~p t) {(end~p nil))
(let (ldev-addr (net-buffer-address t dismiss-p end-p)))
‘{paralie! (start-memory write phusical ,addr cma icb . dev-addr)
{assign ,addr {1+ ,addr))
L,{if dismiss-p "(dismiss)}}}}

{defmicro net-control (&optiona! (input-p nil) (dismiss-p t) (end-p nil})
{let ((dev-adir (net-buffer-address nil dismiss-p end-p}))
‘dparatiel ,(if input-n
*(for-effect (read-lbus-dev iob ,dev-addr))
‘{urite-|bus~dev iob ,dev-addr nil))
, (it dismiss-p '(cismies)}}))

(detmicro increment (location &optional (fixnum-p t))
(if fixnur-p
‘{assign ,location (set-type {1+ ,location) dtp-fix))
‘lassign ,location (l+ ,Iocation)f))

F:>imach>ucode>nBITBLT.LISP.22

-x- Mode:Lisp; Package:Micro: Base:8: Lowercase:yes -x-
{c) Copyright 1882, Sympolics, Inc.

s3:; BITBLT microcode for 3588

The pcisring theory:

Reads can be repeated with no harmful effects, writes cannot be (in most cases).
State is not permanentiy updated unti! a write is consummated.

After every write, state should pe updated so that if the next memory operation
faults and pcisrs, that write will not be repeated (the bitblt row wiil be shorter).
To avoid the overhead of doing this for every urite, we have block mode

operations that only update the state after writing a block of werds.

For the block mode things, we use a buffer that can be saved. Ses next+l page.
For the short-row things, when the destination is split across two words,

we check write access to both words before modi fying either of them.

No pcisring problems if the operation depends on neither operand.

Hhen there is 3 partial word at the front, do it and then advance the arguments
so the bitbit is word aligned in the destination. When there is a3 partial word
at the end, when we get there the arguments have been advanced.

(reserve-scratchpad-memory 2488 2478 328 338)

@0 Ge 00 99 Wl V¢ WS €O 9B @0 9o B0 €O 9o v s eb Wb
@6 40 @0 90 40 w0 96 0t 0 s w6 4t S¢ 90 v 00 94 wo

(defmicro waiting-for-memory () sdocumentation only
*{nop})

{defnicro abus-array-data (&body body)
‘{parailel
(transport datal
{check~data-type memory-data dtp-fix)
., @body) )
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{defmicro assign-vma-offset (uhich Srest stuft)
{selectqg which
(S ‘(assign vma (+ bb-s-rou-addr bb-s-offset ,estuff)))
(O.'(assign vma {4+ bb-d-row-addr bb-d-offset ,estuff}))
%S;ahead (assign vma {(+ bb-s-row-addr bb-s-offset-ahead ,estuffl))
otheruise
(ferror “"assign-vma-offset knows about only S and O, not 8" which)}))

(gefmicro parallel-with-s-access (offset &body body)
(make-memory-access 'bb-s-row-addr ‘'bb-s-offset offset body ' (read)))

(defmicro paraliel-uith-d-access (offset &body body)
{make-memory-access 'bb-d-rou-addr 'bb-d-oftset offset body '{read)))

{cefmicro paralie!-uith-d-access-check-urite (offset &body body) .
{make-memory-access 'bo-d-rou-addr 'bb-d-offset offset body ' (read write)})

(eval-uhen (eva! compile foad)
(defun make-memcry-access (paseaddr of fset-sym offset body memory-modes)
lor {eq offset offset-sym)
tegual offest ‘(l+ ,0ffset-sym))
(and {(eq offset-sym ‘tb-s-offset) {(eq offset ’'bb-s-offset-ahead))
{ferror "~S is not a recognized offset for ~5" offset offset-syml}
(letx {(bcdy (reverse bodyl)
{(finally *‘{abus-array-data , {car body))})
{do ({11 (reverse .
‘{{assign vma ,(if (atom offset)
‘(+ ,baseaddr ,offset)
‘{+ .,baseaddr , (second offset) 1))}
(start-memory .-memor?—modes)
{uaiting-for-memory))
{cdr I1))
E???g {cdr body) (car body))

{(and (nut! 11} (nutl body))

‘{seguential ,el ,finaliy))
{cond ((null 11) (push (car body) 1))
{(null body) (push (car I?{ ;))

(T (push ‘*iparallel ,(car {car body)) 1))1)))

}s;evai-uhen
{defmicro 31- (operand) ’
‘(- (b-constant 31.} ,operand))

(defmicro incr-d-cffset ()
‘(assign bb-d-offset (l+ bh-d-offset}))

{defmicro decr-d-offset ()
‘{assign pb-d-offset (l- bb-d-offecet)))

{defmicro inc. ~urap-s-offset ()
‘(sequential
(parailel
(assign bt-s-offset (l+ bb-s-offset))
{assign b-temp-3 chus))
(if (greater-or-equai-fixnum b-tcep-3 bb-s-rou-length)
(paraille!
{lisp (format T ”~&>>>Urapping around on bb-s-offent from ~d."
. (10132 {tr "th-s-offset)}))
(assign bb-s-offset (b-constant 8)))
{grop-throughl)})

(defmicro decr-urap-s-offset ()
‘{paraliel
(assign bb-s-offset (1- bh-g-offset))
(if {minus-fixnum obus)
{paraile!
(lisp (format t “~8>>>Decr wrapping around on bb-s-offset"))
(assign bb-s-offeet (1- bb-s-rcu-lengthl)))
(drop-thrcugh))})

(defmicro incr-wrap-s-offset-ahead ()
*(sequential
{parallel
{assign bb-s-offset-zhead {1+ bo-s-offset))
(assign b-temp-3 cbus))
(if {grea}TrTor-equal-fixnum b-temp-3 bb-s-row-lenath)
paralle
(tisp (format 7 “~&>>>urapping around on bb-s-offset from ~d."
{1onw32 (tr 'bb-s-offset-ahead))))
{assign bb-s-offeet-chead (b-constant 8)))
(drop-through))))

{defmicro decr-urap-s-offset-ahead ()
‘{parallel
{assign bb-s-offset-anead (1- bb-s-offset))
(if {minus-fixnum cbus)
{paratlleli
(iisp (format t "~&>>>0ecr wrapping around on bb-s-cffset"))
(assign bh-s-offset-ahead (l- bb-s-row-lengthl)))
{drop-through! ) )}
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(defmicro store-;;;aﬁ(détum Zrest options) . .
‘{store-contents (set-type ,datum dtp-fix) not-pointer . ,options))

;1--=-the goddamn ecimulator corniles

H (paraliel (assign ...} f(return))

;into

: (prog ... (return nil) (setqg ...})

defmicro parallel-with-return (Sbody stm) ,

*{,(if (eq xmachine-versicrnx 'sim) 'cequential 'paraile!)
.estm
{(return}})

—e e v

{defmicro via-xbus (source)
(make-microdata 'xtus (get-to-xbus source)})

{defvar xfp-offeet-namesx ())

(defmacro def-fp-offcets (Srest names)
(loop for i upfrom
for name in names
append ‘{{defatomicro ,name (arem (frame-pointer ,i}}}
{defprop ,name ,i fp-offset)
{or {(memg ',name xfp-offset-namesx)
: {push ',name xfp-offset-namesx)))
[ ] into foo .
finaily {(return *{progn 'compile ,efoo0l}})}

3idecode fp offset numbers into symbols. Debugging only.
(defun dfp (&rest numbers)
{loop for number in numbers
collect {locp for name in xfp-offset-namesx
when (equa! {get name ‘{fp-offset) number)
return name
finaliy (return numter))})

: Define arguments/state for BITBLT instructions. Note that these must be
: relative tc FP, not to the top of the stack, since there might be a

; saved bitblt-bufier on the stack if the instruction was interrupted.
def-fp-offsets

{

bb-arg-aiu bb~arg-width bb-arg-height sliep arg
bb-arg-from-array bb-arg-from-x bb-arg-from-y ; lisp arg
bb-arg-to-array bb-arg-to-x bb-arg-to-y slisp arg
bb-ridth jucode arg
bb-s-data-addr sucode arg
tb-s-rou-offset jucoge arg
bb~s-offset jucode arg
bb-s-bitpes sucode arg
bb-s-row-length sucode arg
bb-d-data-addr sucode arg
bo-d-offset sucode arg
bb-d-bi tpos sucode arg
bb-event-count sucode arg
bb-alu-operation sucode arg
1:; Some temporaries.
{define-b-temps bb-constant sYalue to store or to XOR in
bb-s-word s temp (source word)
bb-s-rc . -addr :start of current source rou
bb-d-row-adur sstart of current destination row
bb-width-b scopy of width on B side (sometimes)
b-block-size) snumber of words in block
(defareg bb-constant-a) sA-side copy of bb-constant
(defareg bh-identit?) :Background to dpb into when doing part word
{defareg bb-s-uord2 stemp {other source word)

(defareg bb-a-temp)
(defareg tb-s-of fset-ahead) s8-0ffset not finalized yet (if pclsr)
(cefareg a-block-size) snumber of words in block

33 Bitblt-puffer hair

{eval-when {compile load eval)
(gefconst n-pitblt-buffers 8))

#.‘'{progn ’compile :B-memory buffer for block-mode operations
. +{loop for i from B below n-bitblt-buffars
collect ‘{defbreg ,{fintern "BITBLT-BUFFER-~D" i})))

(defmicro bitblt-buffer (i)
{(fintern "B]TBLT-BUFFER-~D" i))

i-== this defareg goes in come other file ——-

:1f this register is non-zero and we pcisr, save-bitblit-buffer must be
tcalled after restoring the stack pointer.

(defareg bitblt-buffer-active 8)
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slle first compute the result n words at a time into the bitb!t-buffer,

;and then store it into the destination (in one case the whole buffer

tis rotated by 1 to 31 bits as it is being stored).

:The bitbit-buffer is “active” while wa are storing it into the destination.
:The bitoit buffer must be active while Wwe are modifying the destination,
1since the words copied into the buffer might overiapped witlh partis of

tthe cdestination we have already modified.

3A pclsr while the bitblt-buffer is active will copy it into

$the stack, set first-part-done, and clear bitblt-puffer-active.

tA restart with first-part-done set uill proceed normally until it comes time
;to store the bitbit-buffer., At that time, first-part-done is seen, the
iDitblt-buffer is restored from the stack (replacing the possibly-erroneous
scontents that were just computed), and execution then proceeds normaily.

’

:The contents of the bitblt-buffer are assumed to have valid data type tags.

;For now, they could be forced to fixnum, but in the future ue may have

;other instructions using this buffer and its save/restore mechanism.

;=~- Still need to fix microcompiler to defau!t cdr source from Bbus correctiy ---

:Call here if we pclsr with the bitblt-buffer active
{defucode save-bitblt-buffer
#. ‘(sequential .
.(loop for i from B below n-bitblt-buffers
cotlect *(pushval-uith-cdr (bitblt-buffer ,i)}})
(assi?n first-part-done (b-constant 1))
(paraltlel
{assign bitblt-buffer-active (b-constant 8))
{return)))}

Call here when abcutl to start storing the bitblt-buffer
This is actually a micro so that the first instruction of the routine
gets open-coded into the caller
This is hairiiy bummed to make the normal cass go in oniy one cycle
(if the trap is not taken then the cbus has -1 on it)
defmicro activate-bitbit-buffer ()
‘{parzliel
{(ascign bitbit-buffer-active obus)
(trap-if (bit-test freme-misc-data (b-constant {(byte-mask first-part-done)))
activate-saved-bitblt-buffer)))

e s wo we we

;W= alsn reed this closed-subroutine version
(defucode activate-bitblt-tuffer
{paraliel
{activate-bitblt-tutfer)
(returni}))

(defucode activate-saved-bitblt-buffer
(paraliei
{trac-cave) sRetry the aesign, trap-if upon return
#.'lsequential
,@l{lcop for i from {(1- n-bitblt-buffers) downto 8
coliect ‘(parallel
(2ssign (bitblt-buffer ,i) top-of-stack-a)
(decrement-stack-pointerl}}}))
(paraliel
lassign first-part-done (b-constant B})
(returnt)) -

:Call here uhen done storing the bitblt-buffer
{defucode deactivate-bitbit-buffer

(paralle!
(assign pitblt-buffer-active (b-constant B))
(assign top-of-stack top-of-stack-ga) :Could have been bashed by activate...

{return)})

(defmicro read-bb-s-word () )
‘{paralleij :
(assign a-temp (+ bb-width-b bb-s-bitpos))
{cal! read-bb-s-wordl)))

sa-temp has the numper of s bita needed relative to bit 8 of the first word
(defucode read-bb-s-wordl
(2esign-vma-offset s}
{(paralle!
{assign byte-r (32- bb-s-bitpos}}
(start-memory read))
{paraile!l
{(waiting-for-memory)
(if (lesser-or-equai-fixnum a-temp (b-constant 32.))
iysource is entirely within one word
{parallel-uith-return
(abus-array-data
(assign bb-s-word {logxor bb-ccnstant (rotate memcru-data byte-r)))))
sesource 1S split across two werds
sequential ’
(abus-array-data
_{assign bb-s-word {rotate memory-data byte-r}))
(incr-urap-s-offset-ahead)
(assign-vma-offset s-ahezd)

i
{
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(paraliei .
;start-nemorg read) sbyte-r is already ok
{paraile!

{Haiting-for-memory)

{assign byte-s (l- a-temp)))
{abus-array-data .

{assign tb-s-word (dpb memsry-data byte-s byte-r db-s-word)l)
{paralle!-uith-return

(assign bb-s-word {logxor bb-s-word bb-constant-a)l}}})))

:Assumptions about =etup: _
sbb-conetant has:

:+ >> for constant cperations (8,-1): the constant:

: >> for operations dependent only on source or destination (x, ~x, u, ~y):

: a 8 for x,y or =1 for wx,~y;

; >> for operations dependent on both s and d: 8 for those using source directly,
H and -1 for those that want the scurce complementcd.

e ws v s ws we we

{de fucode bb-copy-stuff-to-b-side
(assign bo-s-row-a3ddr (+ bb-s-data-cddr b-temp))
{parallel-uith-return
{assign bb-d-row-addr tb-d-data-adcr}))

{defmacro definst-bitnhit (name source destination neither both)
‘{definst ,mame no-operand
{paraliel (assign b-temp bb-s-rou-offset)
{(cai| bb-copu-stuff-to-b-side))
(dispatch-after-this (paralle! (icb pb-aiu-operation 4 B)
:3 Set up constant needed for the most commsn case
(assign bb-constant {via-xbus (b-constant 8)))
(assign tb-constant-a (via-xbus (b-constant 8))})
(assign bb-widin-b bb-width)
((2) )
{goto ,neither))
(1) s X%y
(parallel (zssign bb-identity (a-constant -1))
{jump ,both)))
{((2) 3 vXEY
{assign bb-identity (a-constant -1))
{parallel (assign ck-constant (a-constant -1)) (assign bb-constant-a (a-constant -1})
{jump ,both}))
{((3) (returnf) 3y
((4) $ XX~y
{paralte! f(acsign bb-identity (a-constant -1))
{jump ,both}})
{{(5) (gotoc .ecurce)) 3%
{{6) X XOr y
{paraile! (zssign bb-identity (a-constant 8)})
(jump ,both))})
((7) $ 4y
{paraliel (acsign bb-identity {(o-constant 8))
{jump ,bothl}i})
((8.) 3 oxKay
(assicn bb-identity (a-constant -1))
(paraliel fassign bb-f??stant {a-constant -1)) (assign bb-constant-a (a-constant -1))
jump ,both
(19.) ! sax xor
{assign bb-identity (a-constant 8))
(paraliel (assign bb-constant (a-constant -1}) (assign bb-constant-a (a-constant -1))
{jump ,botn)})
((18.) $x
(paralie! (assign bb-constant (a-constant -1)})} (assign bb-constant-a (a-constant -1))
(jump ,source)})
((11.) s Xty
(assign bb-identity (a-constant B))
{paralie! (assign bb-constant (a-constant -1}) {assign bb-constant-a (a-corstant -1))
(12 (jump ,both)))

sy

{paratiel (assign bS-constant (a-constant -1)) (assign bb-constant-a (a-constant -1))
{jump ,destination)}) -

({13.) ix+oy aCtually, ~(axky)

{2csign tb-identity {a-consiznt -11})

(paraliel zassign bb;$$?stant {a-constant -1)) (assign bb-constant-a (a-constant -1})
jump”, bath)

({14.) s~x+ay actually, ~(xxy)

{paraliel {assign bb-identity (z-constant -1))
(jump ,toth)))

€{15.) i-1

(paralle! (assign bb-constant (a-constant -1)) (2ssign bb-constant-a {a-constant -1))
(jumg ,neitherl)i)

(definst-bitb!t %¥bitblt-chort-row
tbitbl t-shert-rou-sogurce
uoitblt-short-reu-destination
ubttbit-ehorterou-neither
ubitblt-shert-rou-toth)



4,887,235
305 | 306

{gefinst-bito!l Xbitblt-long-row
ubitblt-leng-row-source
upitolt-long-row-destination
ubiteit-long-rou-neither
Lbitblt-iong-row-both)

{detinst-bitblt Ybitblt-long-row-backuards
utithit-jong-row-cource-backu2rds
ubitbl t-long-row-destination . . . .
ubitblt-long-row-neither idirection immateria!
ubitblt-iong-rew-toth-buckuards)

{defucode ubitblt-short-rou-source
{read-bb-s-word) .
{assign a-temp (+ bb-uidth-b bb-d-bitpos))
(paraliel
(assign byte-s (- a-terp (b-constant 32.) 1))
(it (lesser-cr-equal-fixnum-unsigned a-temp (b-constant 32.))
;s destination is entirely within one word
{parallei-uith-d-access bb-d-nffset
(assign byte-s (l- pb-widthl}}
(assi?n byte-r bb-d-bitpos}
{paraliel-uith-return
{store-uord (dpb bb-s-uord byte-s byte-r memcry-data)l))
33 destination is split across two words
33 must access-check them both before modifying either
{sequentia! .
33 compute the high byte
(paraiiei-uith-d-access-check-urite {1+ bb-d-gffset)
(assicn byte-r bb-d-bitpos)
{assign a-temp (idb bb-s-uord byte-s byte-r memory-data)))
i; compute and store the low byte
{parallel-with-d-access bb-d-offset
(assign byte-s (31- bb-d-bitpos))
(store-word (dpb bb-s-word byte-s byte-r memory-data) block})
i non store the high byte. This cannot fault
{parallei-uith~return
{store-uord a-temp block})})))

{defucode ubitblt-short-rou-destination
(assign a-temp (+ bb-width-b bb-d-bitpas))
{paraliel
(assign byte-s (- a-temp (b-constant 32.) 1))
(if (lesser-or-equal-fixnum-unsigned a-temp (b-constant 32.))
3: destination is entirely within one word
(paraliel-with-d-access bb-d-offset
(assign byte-s {1- bb-width}}
(assi?n byte-r bb-d-bitpos}
{paraliel-uith-return
{store-word {logxor (dpb bb-constant byte-s byte-r 8) memory-datal))))
33 destination is sglit across two words
i: must access-check them both before modifying either
{sequential
i3 compute the high byte
{parailel-uith-g-access-check-urite (1+ bb-d-offset)
(assign byte-r (a-constant 8))
(assign a-temp (logxor (Idb bb-constant byte-s byte-r) memory-datal))
$3 compute and store the low byte
(paraliel-with-d-access bb-g-offset
(assign tyte-s (31- bb-d-bitpos))
{assign byte-r bb~d-bitpos)
{store-word (logxor (dpb bb-constant byte-s byte-r 8) memory-data) block))
i3 now storc the high byte. This cannot fault
(paraliel~uith-return
(store-word a-temp block)}}}))

+3 The alu operaticn is actually a constant
(defucode ubitbit-short-row-neither

(assign a-terp (+ bb-width-b bb-d-bitpos))

(if {Tesser-or-equal-fixnum a-terp (b-constant 22.))

33 destination is entirely within one word
(parallei-uith-d-access bi-d-offiset

(assign buyte-s (1- bb-uwidth))

(assion byte-r bb-d-bitpos)

(paraliel=-with-return

{store-uord {dpb bp-constant byte-s byte-r memory-dzt3l)))

33 destination is eplit acroes tuo uords, but no pcier problems sirce doing
i3 the operation twice produces the same effect
{seguentiai
it store the low byte
(parallel-with-d-access bb-d-offset

(assign byte-s (31- bb-d-bitpos})

(assign byte-r bb-d-bitpes)

(store-ucrd (dnb bb-constant byte-s byte-r memory-data)))
+ store the high byte
parallel-uith-d-accees (l1+ bh-d-pffeet)

(assign byte-s (1- a-temp))

(assign byte-r {(a-constant 8))

(parallei-with-return

(store-uord (opb bb-constant byte-s byte-r memory-data))})}))

—e
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+s The alu operaticn depends upon both source and destination bits
(defucode ubitb!t-short-row-5oth
(resdg-bb-s-werd) .
(assign a-temp (+ bb-wWwidth-b bb-d-bitpos))
{it (Tesser-or-egual-fixnum a-temp (o-constant 32.))
;s destination is entirely within one word
tsequential
(assicn bute-s (1- bb-uidth})
{assign tyte-r bb-d-bitpos)

.{paraiiel
cesign-vma-offset d) )
(jump bb-byte-alu-operation-dispatch))) s jeatt

33 destination is split across two words
{seguentiai . .
;i make sure we have write access to the high byte so no pclsr after storing lou
(ascign-vma-offset d 1)
(stert-mercry read urite)
13 store the low byte
(assion byte-s (31~ ib-d-bitpos))
{assign tyte-r bb-d-bitpos)
(paraliel
{assign-vma-offcet d)
{calt bb-byte-alu-creration-dispatch))
33 store the nich byte
(acsign bb-s-word (rotste bb-s-word byte-r))
(assign byte-s (1~ a-temp))
{zezign byte-r (b-constant 8))

(parailel

(assign-vma-offset d 1) . .

{junp bo-byte-alu-operation-dispatch)}))) s jeall
s {booie fn x y ...) if tn is "abcd" then
H Y ) 2 3 4 5 6 7
: |8 1 @ X%y ~xky 7] XX~y x xHy x+y
: g|ac 8 ] 18 11 12 13 14 15
H X ~(x+g) ~(K#lgj) ~X ~xE ~y Xy ~xXtay -1
H 1 |{b d
s3vma and byte regs have been set up aiready, for DPB.
i;trasnes a-temp-2, b-temp-2, b-temp-3. but not a-temp and b-temp.
(defuzcde bb-bute-alu-operation-dicpatch

(dispatch-after-this (paraliel {start-memory reasd) f(idb bb-alu-operation 4 8))

{parallel
{assign b-temp-3 (d?b bb-s-uord byte-s byte-r bb-identity))
(waiting-for-memory))

({1 2) 351 x*g logand ;32 ~xxy logand
(paralliel-uith-return
(paratiel

(ceclare-memory-timing data-cycle)
{abus-array-data
{store-word (logand memory-data b-temp-3)}}}))
(6 8.) 134 ~laxtyl = xm~y ande2 338 ~{x+y) = ax¥~y andcb
(paraliei
(declare-memory-timing data-cyc!e)
{abus-array-data
iassign a-temp-2 memory-datal))
{assign b-temp-2 (dpb {(b-constant -1) byte-g byte-r £)) scan’t merge this...
(assign a-temp-2 {(logxor a-temp-2 b-temp-2}) seeetith this,
(parallei-uith-return
{store-word (logand a-temp-2 b-temp-3)))}
({6 8.) ;:6 x#y logxor ;8 ~ {xHy) eaxtly logxor
{paraliei-uith-return
(parallel
{dectare-memory-timing data-cycle)
{abus-array-data
(store-word (iogxor b-temf—3 memory-datal)il})
({7 11.) 3:7 x+y logior 1311 x4y logior
(paratiel-with-return
{paraliel
(declare-memory-timing data-cycle)
(abus-array-data

(store-word {logior b-temp-3 memory-datal))}))
({13. %?.} $313 x4~y ="~ (~xxy) lcgnand 1314 axpaysa (xxy)
paraile

{declare-memory-timing data-cycle)
(apus-array-cata
(assign a-temp-2 (logand b-temp-3 memory-datal)})
{parallel-with-return
{store-nord {(logxor (dpb (b-censtant -1) byte-s byte-r B) a-temp-2))1)))

;3vma has been set up already
{defucode tb-word-alu-operation-dispatch scommoniy 3 cycles (plus 1 for the call)
(dispatch-after-this (paraliel (start-memory read) (ldo tb-alu~operation 4 8))
(waiting-for-memory) s~--want to use tnis somehouw...
(1 2) 111 xxy logand 332 ~xxy logand :
{paralied

{deciare-memory-timing data-cucle)
2acus-a;;?g—data {store-word {logand bb-s-word memory-data)))
return
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{4 8,) 114 xmey andch 338 ~{x+y) ~xx~y andch
(paraltet
{geciare-memory-timing data-cycie) :
(atus-array-data (stcre-word {(anac2 bb-s-word memory-data)))
{return)}) )

({& 8.) :36 x#y logxor 333 ~(x#y) waxty logxor
{parallei
{declare-memory-timing data-c?c!e)
{abus-array-data (store-word {logxor bb-s-word memory-datal))
{returnj})
({7 11.) 337 x+y logior 1311 ax+y legior
(paraitel

{declare-menory-timing data-cucle)
(abus-array-data {store-word llcgior bb-s-word memory-data)))
{return}})
((13. 14.) 5313 xemwy = ~(axxy) 1514 axtayma (xxy)
{paratlel
(deciare-memory-timing data-cucie)

{apus-array-data (store-word {lognand bb-s-word memory-data)))
- {return))} V)

s;alu depends only on source bits
{defucode ubitbit-iong-rou-scurce
(paraliel .
(assign b-temp bb-d-bitpos)
{if (zero-fixnum bb-d-bitpos)
{(if (zero-fixnum bb-s-bitpos)
{goto ubitblt-aligned-rou-sourcs)
s 885555555 S55SSSS555555555sesasss
H ddddddddddddddddcdddddddddddeddd
parallel-uith-s-access bo-s-offsot
:assign ?gte-r (32- bb-s-bitpos))
paralie
{assign bb-s-word? (logxor bb-constant (rotate memory-data byte-r)))
{lisp (trace-path #/c)}
(jump ubitbit-d-aligned-rou~-sourcell))
(if (equaf—fixnum b-temp bb-s-bitpas)
315558553555 55555555555SSSosesnsss
+ + DOOOC0I00000000D0000000I0ddddadd
{sequentiai
(paraliel-uith-s-access bb-s-offset
{assign b-temp (32~ bb-d-bitpos))
{(assign byte-r b-temp)
{assign bb-s-word {logxcr bb-constant (rotate memory-data byte-r)}))
{para!lel-uith-d-access bb-d-of fsat
(assign byte-r bb-d-bitpos)
(assign byte-= (1- b-temp))
{store-word (dpb bb-s-ucrd byte-s byte-r memory-datal))
33 First partial word done, we are now the aligned case
{incr-wrap-s-offset)
lincr-d-offset)
{assign bb-uidth (- bb-width b-temp))
{assign bb-s-bitpos (b-constant 8)
{parallel .
(assign bb-d-bitpos (b-constant B))
(liep (trace-path #/b))
{jump ubitbit-aligned-rou-source)))
(if (lesser-fixnum bb-s-hitpos b-temp)
;3988888585555 55555558355¢8S. ...,
DO20D0C0D0050000dddddddddddedddd
+ 32-d.bitpos ==

[

(sequentia!
{parailel-uith-s-access bb~s-offaet
(assign byte-r (32~ bb-s-bitpos))
(assign b-temp (32- bb-d-bitpos})
{assign bb-s-ucrd {(loaxor bb-censtant (rotate memory-data byte-r)}))
$3eseees 8888880555055 5555555555S
{paratiel-uith-d-access bb-d-offset
{assign byte-r bb-d-bitpos)
(assiaon byte-s (1- b-templ)
(store-word {dpb bb-s-word byte-s byte-r memory-datal))
s First partial D word done, some S bits from first word remain
incr-d-offset)
irotate s-uord further to right by 32-d.bitpos = left by -{32-d.bitpos)
3S955555555555555. 0 0. . 882 snnen
{assign bb-s-word2 (rotate bb-s-word byte-r))
tassign bb-s-bitpos (+ bb-s-bitpos b-temp))
(assian bb-width (- bb-width b-temp))
{parailel
(assign bb-d-bitpos (b-constant B8)}))
{lisp (trace-path #/d))
(jump ubitblt-d-aligned-rou-source)}
. {sequential
The high pert of the firet source word is not as long as the hi?h part of the
first destination uord. So extract the usefui part of the first source word,
and depcsit into it as much of the second source word as needed to fill out the rest

ii0f the first destination word. Then position the rest of the second source word
iiappropriately for the inner loop.

{
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: - 32-8 -o
; sesssessssssnssss | SSESSSS5SCasssansangssssanasssas
3 DO0D00ODCI0000000 DOO00DOD00dddddd
paraliel-uith-s-access bh-s-offeet
{assign byte-r (32- bb-a-bit?os)l
(assign b-temp-2 bt-s-bitpos
(assign bb-s-word (logxor bb-constant (rotate memory-data byte-r)}))
ner-wrap-s-of fset-ahead)

(32-d} = (32~8) ms-d

]
: s-d = 32-5 -
: ssess88888528888555555555555555S5 (111111111 0uuenaracnnccnnccnans
: DDODCOCCOOD0O000 DO0DD00CTNdddddd
parallel-uith-s-access bb-s-offset-shead

(assign byte-r (32- bb-s-bitpos))

(assign byte-s (- b-temp-2 bb-d-bitpos 1))

{assign bb-s-word2 {logxor bb-ccnstant memory-datal))
{assion bb-s-word (Upb bb-s-word2 byte-s tyte-r bb-s-word))
{paraliet .

(assign a-temp (32~ bb-d-bitpos))

(acsign b-temp obus))
{paralietl-with-d-access bb-d-offset

{acsign byte-r bb-d-bitpos)

(38s3ign byte-s (1- a-temp))

{store-word (dpb th-s-word byte-s biyte-r memory-datal}))
;3 He have ncu done the first partial 0 word. Turn into the d-al igned
33 case, with the source advanced by one word from where it started.
{incr-d-oftget)
{assign tb-s-offset bb-s-offset-ahead)
(assign bb-s-bitpos (- p-temp-2 bb-d-bitpos))
(assign byte-r (32- bb-s-bitpos))
{aseign bd-s-word2 (rotate bb-s-word2 byte-r))
{assign bb-width (-~ pb-width b-temp))
(parailel

{assign bb-d-bitpos (b-constant 8))
(Iiep (trace-patnh #/e))
(jump ubitblt-d-aligned-rou-sourcel}})}}))

{defucode ubitbit-aligned-ron-source 128 cycles per 8 words
(if {greater-or-equal-fixnum bb-uidth (b-constant {(x 8. 32.
:iFetch a block of words intop the buffer
{sequential
(assign b-temp {(+ bb-s-offset (b-constant 8.)))
{if (Tesser-fixnum bb-s-row-iength b-temp)
{goto ubitblt-atigned-row-source-siou-loopl
(sequential
(parailei
(assign-vma-cffset s)
fcal!l ubitblt-block=-read-38))
(paratlel
{assign-vma-offset d)
(call ubitblt-piock-nrite-8))
(paraliet
(assign bb-s-offset (+ bb-s-offset b-block-size))
(jump ubitblt-aligned-rou-sourcel}}))
:Frob with what's left. Tco bad dispatch blocks are expensive.
if. {(greater-or-equal-fixnum bb-width (b-constant (x & 35.)))
{sequential
(agssign b-temp (+ tb-s-offset (b-constant 4)))
(if (Tesser-fixnum bb-s-rou-length b-temp)
{goto ubitblt-aligned-rou-source-siow-1oop}
(sequential :
(paraliet
(assign-vma-offset s)
fcal!l ubitblt-block-read-4))
{paratiel
(agsign-vma-offset dl
{cat! ubitblt-block-wurite=4))
{(paratlel
{assign bb-s-offset (+ bb-s-offset b-block-size))

(iump upitblt-aligned-rou-source-siowu~-icopll)))})

(

{(goto ubitblt-aligned-rcu-source-siou-loopl))))
(defucede ubitblt-a!igned-rou-source-sion~loop 3218 cycles per word
(paraiiel-uith-s-access bb-s-offset 14
(trap-if (lesser-fixnum tb-width {b-constant 32.))
ubitbl t-al igned-rou-source-siocu~|ocop-done)
t4a1 ting~for-memory)
iassign bb-s-uord llogxor bb-constant memory-datal))
(assign-vma-offset d} 11
(store-werd bb-s-word) sl
{assign bb-width (- bb-width (b-constant 32.})) 3l
{incr-urap-s-offset) 12
{paraliel 31

{ircr-d-offset)
(liep (trace-path #/,))
(jump ubitbit-aligned-rcu-source-s!ow-icopl))

;0o last partial word, if any
{defucode ubitblt-aligned-ron-source-siou-|cop-done
(if (plus-fixnum bb-uidth)
(sequential
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{parallel-uith-s-access bb-s-offset
(assign bb-s-word (logxor bb-constant memory-data)))
(peratiel-with-d-access bb-d-nffset
(assicn byte-r (a-constant 8})
fassion byte-s {l- bpb-width))
{paraliel-with-return
* {store-word (dod bb-s-uord byte-s byte-r memory-data))
(iisp (trace-path #/2)})))
(parallel-with-return
(liep {trace-path #/1))}})

tbb-s-uordZ has the partial previous scurce word whose address is in bb-s-offset,
srotates into alignment with the destination
{defuccde ubitblt-d-a!igned-rou-source
tif {greater-or-zsqual=fixnum tb-width (b-constant (x 8. 32.)))
;iFetch a block of words into the buffer
{sequentia!
{assion b-temp {(+ bb-s-offsaet (b-constant 8.)))
(it (Tecscr-cr-equal~fixnum th-s-rou-lenath b-temp)
{goto ubitbit-d-aligned-rou-source-siou-100p)
{seguential
{paraliel
(assign-vma-offset s 1)
{call ubitblt-block-ress-8))
(parailel )
tassign-vma-cffset d)
{ca!l ubitblt-d-aligned-block-urite~8})
{paraliel
fassign bb-s-offset (+ bb-s-offset b-block-sizel))
{jump ubitblt-d-afigned-rou-sourcelll})
(if {(greater-or-equal-fixnum bb-uidth (b-constant (x 4. 32.)))
(sequential
(2ssign b-temp (+ bb-s-offset (b-constant 4)))
(if (lesser-or-equal-fixnun bb-s-row-length b-temn)
(ooto unitblt-d-aligned-rou-source-s ou-loop)
{(sequential
(paratle!
(assign-vma-offset s 1)
{call ubitblt-block-read-4))
{paraliel
(assign-vma-offeet d)
(call utitbit-d-aligned-block-urite-4))
{paraltet
{assign bb-s-offset {+ bb-s-offsat b-bi
(iump ubitbl t-d-aiignes-row-sourcel)))))
(goto ubitblt-a-atigned-row-csource-sion-locpl)))}

ock-sizel}

Each pass_through this foop stores exactly one ¢ word. Each time through,
c

*s

;3cb-s-uword? uili have the bits to use for the lower part of the d word {already
ssrotateg into position), and another s worac uili be feiched into bb-s-word.
;:Then e-ucrd will get rotated wher transferrad into s-word? in prepcration for
1inext loop pass.

{defuccde unitbit-d-aligned-rou-source-siou-loop 113 cycles per word
(incr-wrzp-s-offset-aheszd) 12
(paraitel-uith-s-access th-s-offset-ahead X3

{trap-if (leeser-{iixnum bh-uidth (b-ccnstant 32.))

ubitblt-d-al ioned-row-source-denel

(assign byte-s (1- bb-s-bitpcs))

tassign bb-s-uord (logxor bb-constant memory-datal))
{assign byte-r (- (b-constant 32.) bb-s-5itpos))
(assign-vma-offset d)
(store-word (dpb bb-s-wuord byte-s byte-r bb-s-werd2))
{zzsign bb-width (- bb-width (b-consiant 22.)))
(incr-d-otfset!
{assign bb-s-offset bo-s-cffset-ahead)
(paraile!

(assign bb-s-uerd2 (rotate bb-s-word byte-r))

(lisp™ (trace-path #/.})

(jump ubitbit-d-aiigned-row-source)))

e 0 e 2s ws we wo
b ot s s ok pt

{defuccde ubitblt-d-alig¢ned-rou-source-cone
{(if {plucs-fixnum bb-width)
{sequentia!
lassion b-temp (22~ bb-s-bitpos)} show many bits a2re valid in bb-s-word?2
{it {Teccer-or-equal-fixnum bb-uidth b-temp)
ssue have encugh s bits
(paraliel-uith-d~gsccess bb-d-offset
{assign byte-s {1- bb-uidth})
{paraliet
(assigr byte-r (b-constant B))
(az3ign pb-s-uord bb-s-ucrd2))
(pzrailel
(lisp (trace-path #/4))
{parallel-with-raturn
(store-word {(dpb bb-s-uord byte-s byie-r memory-data)))))
ssneed to get another scurce word
(sequentiz
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{(paratlel-uith-s-access bb-s-offset-ahead

(assign buyte-r (32- bt-s-bitpes))
(assign byte-s (l- bb-s-ritpce))
lassign bb-s-word (logxer bu-constant memory-datal))
aesign ob-s-word (dob bo-c-word byte-s byte-r bb-s-uord2))
tep {(trace-nath #/5))
arallel~with-d~access tbh-d-offset
fassign byte-s (1- bh-width))
fassiyn byte-r {a-constant &))
(paraliel-with-return

{store-word (cpb bb-c-uwerd byte-s byte-r memory-data)))})))

(parailel

(iisp (trace-path 4/3))
{return}))}

(
(
{

1
&

3:3lu depends only on destination bits
{defucode ubitblt-liono-row-decstination
(if (plus=-fixnum bb~d=-bitpos)
(sequential _ .

(assign b-temp (32- bb-d-bitpos))

{paralle!-yith-d-accees bb-d-offset
{assign byte-s (l- b-templ)
{assign byte-r bb-d-bitpos)
{store-word (logxor (dpb bb-constant byte-s byte-r 8) memory-datal))

{incr-d-oftfset)

{assign bb-width (- bb-width b-temp})

{paralie!
(assign bb-d-bitpos (b-constant 8))
{liep {trace-path #/b})
(jump ubitbit-long-row-destination-loopl))

{mach:ine-versicn-case
{{sim) (paralie)
(lisp ltrace-path #/a}))
(jump ubitblt-long-rou-destination-loep)))
{otheruise (goto ubitblt-iong-rou-destination-loop}))))

sfrob the first partial word

{defucode ubitblt-long-rou-destination-!oop 125 cucles per 8 uords
(it (greater-or-equal-fixnum bb-width (b-constant (x 8. 32.))}

isFetch a block of words into the buffer
{sequential

{paratiiel
(assign-vma-offset d)
{call ubitblt-block~read-8))
(paraiiel
{assign-vma-offeet dj
{caii-and-return-to ubitblt-block-urite-8
ubitbit-iong-ron-destination-ioop}))
;Frcb with what’s teft, Too bad dispatch blocks are expensive.
1

f (greater-or-egqual-fixnum bb-uidth (b-constant (x & 32.)})
(sequential .

{parallel —
{assign-vimz-offset d)

{call ubitblt-biock-read-4))
(parallel

{assign-vma-offset d)
{call-and-return-to ubitblt-block-urite-4

ubitblt-long-rou-destination-siow-icop)})
{goto ubitblt-long-ron-destination-siou-icop)))}

{

{defucode ubitblt-leng-row-destination-slou-1{ocop +5 cycles per word (bus interference)
(paraliel-uith~d-access-check-urite bb-d-cffset
(parallel
(assign bb-width (- bo-width (b-conmstant 32.)))

{trap-if (minus-fixnum obus) ubitblt-long-rou-destination-done))
(paraliel]

{liep {trace-path #/,})
{waiting-for-memcry)
{incr-d-offsct})
{paraliel
{store-word (iogror bb-constant memory-data))
(jump ubitb!t-long-row-destination-siou-loopl)))

saborts the assign

(defucode ubitb!i-long-rou-destination-done
(it (plus-fixnum bb-width)
(paraiiei-with-d-access bb-d-offset
(aesign byte-s (1- bb-width))
(assign byte-r (a-constant 8))
{paraliel-uith-return
{lisp (trace-path #/2))
( (?}oqe-uord (log=or (cpb bb-constant byte-s byte-r B) memory-datal)))
paraite
(lisp (traca-path #/1))
{return)} )}

(defmacro def-bitblt-block-read (name n)
*{ogefucode ,name
{(paratiel
(assign a-biock-size (t-constant ,n}) sUsed later to advance offsets
{assign b-block-size obus)

(start-memory block read)) setart first word
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{(paraliel . .
{(Laiting-for-memory) swaiting for first word
(start-memcry block read)) sstart second word

,alicop for i from (- n-pitbit-buffers n) below n-bitbit-buffers
i collect ‘f{abus-array-data
{assign {bitblt-buffer ,i)
(set-tunz {logxor bb-constant memory-data) dtp-fix))
,(selectg (- n-pitblt-buffers i)
(1 ‘{return))
(2 nil)
{othernwise ‘(start-memory biock readl))}))))

(def-bitblt-block-read ubitbit-block-read-8 8) 31 suppose this when interned...
{def-bitblt-biock-read uditblt-bleck-read-4 4) ... will subsume this.

{defmacro def-bitblt-block-urite (name n)
‘ (defucode ,name
{activate-bitbl t-buffer)
,el{loop for i from (- n-bitblit-buffers n) belou n-bitblt-buffers
collect ‘i{poraliei
(store-uord (bitb!lt-buffer ,i} block)
(lisp {trace-path #/.})))
{paralle! i
(assign bb-d-offset (+ bb-d-ofisat b-block-size))
{call deactivate-pitblt-putfer))
{paraliei-with-return
;?§sign tb-uidth (- bb-width (rotate b-block-size 5})) ;275 « bits-per-word

{def-bitblt-block-urite ubitblt-block-urite-8 8)
(def-bitblt-block-urite ubitblt-block-urite-4 &)

{defmacro def-d-alioned-block-urite (name n)
‘(defucode ,name
(223ign byte-s (1- bb-s-bitpos)}
(paralie]
~Aassign bute-r (- {p-constant 32.} bb-s-bitpos))
{(call activate-bitblt-buffer)i
.eliocp for i from (- n-bitblt-buffers n) below n-bitblt-buffers
append ‘((paraitlei
) (store-word {dpp (pitblt-buffer ,i} byte-s pyte-r bb-s-uord2) block)
(tisp (trace-path #/.})}
( el (assign bb-s-ucrdl (rotate (bitblt-buffer ,i) byte-r)}))
- {parzl!ie
(assign bb-d-offset (+ bb-d-offset b-block-size})
{cal! dgeactivate-bitblt-buffer)}
{parailei-uith-return
;??aign bb-width (- bb-uidth (rotate b-block-size 51)) ;275 = bits-per-word

{def-d-aligned-block-urite ubithit-d-aligned-block-urite-§ 8.}
{def-d-aligned-biock-urite ubitb!t-d-aligned-block-urite-4 4.)

:33lu degends con neither gource ncr destination bits
{defucode ubitblt-iong-rou-neither
(if {(plus-fixnum bb-d-bitpcs)
(sequential
(assign b-temp (37- bb-d-bitpoc))
{parallel-with-d-access bb-d-offset
(assign byte-r bb-d-bitpos)
(assign byte-s (1- b-tems))
(store-word {cpb bb-constant byte-s byte-r memory-datal)}
{incr-d-cffset)
{assign bb-width (- bb-width b-temp})
(parallel
{aessign bb-d-bitpos (b-constant 8))
(iisp (trace-path #/b})
(fump ubitblt-iong-row-neither-loopl})
(paraliel
(tisp (trace-path #/2))
(jump ubitblt-long-row-neither-loop))))

(defucode ubitblt-leong-row-neither-ioop
(it (greater-or-equal-fixnum bo-width (b-constant (x 8. 32.)))
{segquential
{paraillel
(assign-vma-offeet d)
{call stern-blcck-bb~constant-8))
{aesign bb-d-offset {+ pb-d-offset (b-constant 8.)))
(paraliel
tassign bb-width (- bb-uidth {b-constant (x 8. 32.})})
(jump ubitblt-long-rou-neither-ioopl)))
(sequential
(dispatch-after-next (paralle) (assign b-block-s=ize {!db bb-uidth 3 5))
(idb bb-width 3 5))
((7) (paralle! (assign-vma-offset d)
{call-and-return-to store-block-bb-constant-7
ubitb!t-iong-rou~-neither-finish)))
({6) (paralle! (assign-vma-offset d)
(cali-and-return-to store-block-bb-constant-6
ubitblt-leng-rou-neither-finish}))
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((S) (paratiel (assign-vma-offset d)
(calli-and-return-to store-block-bb-constant-5
ubitblt-long-row-neither-finish)})
({4) {(parallel (assign-vma-sffset d)
(cali-and-return-to store-bliock-bb-constant-4
ubitb!t-long-row~neither-finishl}}))
((3) (parallel (assign-vma-offset d)
{cali-and-return-to store-biock-bb~constant-3
ubitblt-long-row-neither-finish)))
{{2) (parallel (assign-vma-nffecet d)
{cali~ang-return-to store-block-tb-constant-2
ubitblt-long-row-naither-finish}))
((1) (assign-vma-offset d)
{paraliel
{(lisp (trace-path #/,))
(store-word bh-constant)
(jump ubitbit-long~-ronw-neither-finish)}))
(parzlle!
(take-dicpatch)
{trap-if (zero-fixnum b-block-size) ubitblt-iong-row-neither-finish)))}))

(defucode ubitblt-long-rou-neither-finish
{assion tb-d-offset (+ bb-d-offset b-block-size))
(2acsign to-width (logand bb-width {b-constant #5371))
(if {plus=-fixnum tb-wigil)
{par2iiei-with-d-access hh-d-offset
{zesign byte-r (a-constant 8))
fassicn byte-s {l1- to-widthi)
{parallel
(lisp (trace-math #/2))
(store-word idpp bb-constant byte-s byte-r memory-~datal)
(returni))
(paraltel
{liep (trace-path #/1))
(return))))

(defnacro store-block-bb-constant-routines (n)
‘{prcgn ‘compile
,e{icop with 8 =« "STORZ-ELCCK-EB-CONSTANT-ad"
for i from n dounto 1
collect ‘{defuccde ,{iintern s i)
{paraliet
{store-ucrd bb-constant block)
{iisp {(trace-path &/,))
Llif (> i 1)
‘fjump , {fintern a (1- §)))
‘{frgturn))}}}))

(store-biock-bb-constant-routines 8.}

ssalu depends both source and destination bits
{defucode ubitb!t~long-rou-both
{paraliel
lassign b-temp bb-d-bitpos)
{if (zero-fixnum bb-d-bitpos)
(if (zero-fixnum bb-s~bitpos)
tgoto ubitbit-aligned-row-both)
{parailei-with-s-3ccess bb-s-offsmt
3 SSE5E5E5558S8258558555555555, sass
: $ ddddddddddddddsdddddddddddddddad.
(3551?n byte-r (32- bb-s-bitpos))
{paraliel
{assign bb-s-uord (rotate memory-data byte-r))
(lisp (trace-path #/c))
. (iump ubitblt-d-aligned-row-both)}))
{if {equal-fixnum bb-s-bitpos b-temp)
{sequential
(parallel—uith-s-access bb-s-offset
331 E555585888558555555555555S, sasses
+ 3 ddddddaddddddddddddddddddd. dddddd
(paraliet
(assign byte-r {32- bb-s-bitpos))
(assign b-temp obus))
(assign bute~-s (31- pb-s-bitpos))
(assign bo-s-word (icgxor bb-constant (ldb memory-data byte-s byte-r))})
(assu?n byte-r bb-s-bitposi
(paraliel
(assign-vma-offset d)
$35598585555558658888555585s, ssnaas
s + DDDDDO0DL0D0DD0OODDDD2RI0D. ddddad
{call bb-buyte-aiu-operation-dispatch))
i3 First partial word stored, turn into aligned case
(incr-urap-s-nffset)
(incr-d-offset)
(assign kb-width (- bb-width b-temp))
(assign bb-s-bitpos (b-constant 8)
(paralie!
(assign ob-d-bitpos (b-constant 8))
(lisp (trace-path #/b})
{jurp ubitblt~aligned-ron-both}))
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{if (lesser-fixnum bb-s5-bitpos b-temp)
“(goto ubitbit-iong-rou-both-s-longer)
{goto ubitblt-iong-rou-both-s-shorter)}})})

{defuccde ubitblt-long-rou-both-s-longer
(assign b-temp (32-"bb-d-bitpos))
(parailel-witn-s-gccess bb-s-offset
(2esign byte-r (32- bb-s-bjtpos))
(assign byte-s (1- b-temp))

{(3ssign bb-s-word?2 memcry-datal)

38525553538 C8C 0838888 85CE 5. iiunann

H 00C0DD0000D0D000E5D0dddddddddddd

H m———— b-temp «-e-- -

assign bb-s-uord {logxcr bb-constant {rotate bb-s-uord2 byte-r)))

Teaeseas.8865555355555555SSS5555S

parallel
{assign byte-r bb-d-bitpos)
(assign b-temp-2 bb-d-bitpos}))

(paratiel

{assign-vma-offset d)

;1855588855888 888ess558858, agsenass

1 DODOD00C00C38C002000. gaedaeddddddd

(call bb-byte-aiu-operation-dispatch})

ncr-g-offset)

Remaining are (32-(s.bitpos+(32-d.bitpos))) = d.bitpos-s.bitpos

[~

PR TR YTy

= 32-0.DitPO8 -==o «=8,Ditpos-~
CSCs3sscesnsssassssanss, s555888s
deddddaocdddddddddddd. dddddoaddddd
{assion byte-r (- b-temp-2 bb-s-bitpos))
{acsign bb-s-bitpos (+ bb-s-5itpos b-temp))
{aesign bb-s-uword (rotate bb-s-word2 byte-r))
{assign bb-width (- bb-width b-temp))
{parailel
" (assign bb-d-bitpos (b-constant 8))
(lisp (trace-path #/d))
(jump ubitblt-d-aligned-row-both}))

.o o0 w0 00 ol

1
.
]
.
:
.
H
.
.

sNeed two S uwords to do the first partial D word
{defucode ubitblt~iong~row-both-g-shorter
33 €5883888Sc535S25058585558, 85550583
: s dddddddddadadsdiddddddddaddaddd. dddd
{parallel-uith-s-access bb-s-offset
(assicn byte-r (32- bb-s-pitpos))
{assign bute-s (31~ pb-s-bitpos})
s S555585555550555555C55855, sasanses
s s dddddddddddddddadddddddsdddd. ddad
(gssign bb-s-word (logxor bb-constznt (idb memory-cata byte-s byte-r}))}
incr-urep-s-offset-ahead!
: e=—+ £,bjtpos-d.bitpos
1...S505 ] sssss5s559358553589388¢83, §53588855
H dadd ddddddddddgddddacddddddd, cddd
parallel-uith-s-access bth-s-offget-zhead
(assign byte-s (- bb-s-bitpos b-temp 1))
(2ssicn byte-r (32- bb-s-bitpos))
fassicn bb-c-word? (loaxor bb-constant memory-data)))
$...5885]S885555555555555C585555S. seassess
;  dddd dddcdddddddadddddddddadd., dddd
assign bb-s-uord (dpb bb-s-word2 byte-s byte-r bb-s-word))
assign byte-r bb-d-bitpos)
assign tyte-s (31- bb-d-bitpos))

isrs88fa[sescasgseassanssangnsens, sucssss
;D360 Ba50005000EA00030008068 3553 :
parzlie

{assion-vma-offset d)

{ca!l pb-byte-alu-operation-dicpatch))
{incr-d-oftcet)
{assign pb-s-offset bb-s-c fset-ahead)
$:...5508sss | 855595899588 sansc8uss855, sasassns
L dodd pdddddadacddiddddddacdds, dddd
(assign byte-r (- b-temp bb-s-bitposl))
(assign bb-s-bitpos (- bb-s-bitpos b-temp))
(assign b-temp (32- bb-d-bitpcs?)
{assign bb-s-word {iogxor (rotate bb-s-word2 byte-r) bb-constant))
{assign bo-width (- bb-width b-temp))
{paraltai
(assign pb-d-bitpos {b-constant B))
{liep (trace-path #/e})
{juzp ubitblt-d-aiigned-row-both)})

{defucode ubitblt-aligned-row-both
(if (greater-or-equal~fixnum bb-width (b-constant (x 8., 22.)}))
;;Fetch a block of words into the buffer
(sequential
{assign b-temp (+ bb-s-offset (b-constant 8.)))
(if (Tesser-fixnum bb-s-rou-length b-temp)
{gote ubitbit-aligned-rou-both-slou-1oop)
{sequential
(paraliel
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(assign-vma-offset s)
{cal! wbitblt-block-read-8))
{paral let
(assign-vma-cffeet d)
{cail-ang-return-to upitbit-Block-aiu-8 ubitblt-aligned-row-bath)))})
tFrob with what's left, Too bad diepatch blocks are expensive.
1f (greater-or-equal-fixnum bb-width (b-constant (x & 32.)))
{sequential
(assi?n b-temp (+ bb-s-pffset (b-constant 4.)))
(if (Tesser-fixnum bb-s-rou-length b-temp)
(goto ubitbit-aligned-row-toth-slou-]ocp)
{sequential
(paralle!
{assign-vma-offeet s}
(call ubitblt-biock-read-4))
{parallet
(assign-vma-offset d)
(cali-and-return-to ubitb!t-block-alu-4
ubitblt-aligned-rou-both-siow-locp)})))
{gote ubitblt-aligned-rou-both-sion~{oop}J))

i

{defucode ubitblt-aligned-rou-both-slou-1icop 312 cycles per word

(parallel-uith-s-access bb-s-cffset 34 cucles

{trap-if (lesser-fixnum bb-width (b-constant 32.7)
ubitblt-aligned-rou-both-siow-|oop-dona)

(uaiting—for-memor%)
(assign bb-s~word 1logxor bb-constant memory-data)ll)

{paraiiel 3143 cycles
(assign-vma-offset d)
{cal| bb-word-alu-operation-dispatch))

{assign bb-width (~ bb-width (b-constant 32.))) 31 cycle
{incr-urap-s-offset) 12 cycies
{parallel :1 cycle

{incr-d-offset)
(lisp (trace-path #/,))
(jump ubitblt-aligned-row-boathl}))

{defucode ubitblt-aligned-rou-both~siou-1oop-done
(if {plus-fixnum bb-width)
{sequential
(parallei-uith-s-access bb-s-pffset
(assign byte-r (b-constant 8))
lassign byte-s (l- pb-width))
{assign bb-s-word (iocgxor bb-constant memory-catal)))
(paraliel
(liep {trace-path #/2))
(assign-vma-offset d)
(fump bb-byte-alu-operation-dispatch))) s jeall
{parallel-uith-return
{iisp (trace-path #/1)))))

(gefucode ubitbit-block-alu-8
{dispatch-after-this (idb bb-alu-operation &4 8)
{parailel .
tassign a-biock-size (a-constant 8.))
{assign b-block-size (a-constant 8.))
(start-memory block read)) sstart first uord

({1 2} (goto ubitbit-block-logand-&)) PoXxkYy  axky

({4 8.) Tgoto ubitblt-biock-andc2-8)) i oXENy  axEey

({6 S.) (goto ubitblt-block-logxcr-8)) t X XOr Yy, ~x XOr y
((7_11,) Tgoto ubitbit-block-logior-8}) T OX+4y, ax+

{{13. 14.) (goto ubitb!t-biock-lognand-8)})) 3o~ (axxy), T (xxy)

(defuczode ubitplt-block-alu-4
{dispatch-after-this (idb bb-alu-operation & @)
(paratlie!
(assign a-block-size (a-constant 4.))
(assign b-blcck-size (a-constant 4.))
(start-memory block read)} start first word
2) (goto ubitblt-block-logand=4)) XXy axxy
8.) Tooto ubitblt-block-ande2-4}) XEny  axEay
S.} (?oto ubitblt-block-togxor-4)) X XOF Y, ~X xOr y
11.) lgoto ubitoit-block-ipgicre4)) X4y, ~x+y
13. 14.} (goto ubitblt-block-1ognand-4)))) ~{axiry) |, "o (xy)

. s v ot 9o op

(defmacro def-block-aluop (name n alu)
{if (merg (get (caddr (microexpand *{,alu a-temp b-temp)}) ’alu) weird-alu-functions)

:: Cannct simultaneously run ALU and store into tha bitblt-bufter
*{defucode ,name

{parallei
(waiting-for-memory) sfirst word aiready started
{declare-memory-timing active-cycle))
(toop for i from (~ n>bitblt-buffers n) belou n-bitblt-buffers
coliect ‘(sequential
{(sbus-array-data
(assion b-temp (,alu (bitb!t-buffer , i) memory-data}l)
»0if 1> (- n-pithit-buffers i) 1)
‘(start-memory block read)}) ;start next word
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{parallel
(assign (pitblt-buffer ,i) (set-tupe b-temp dtp-fix})
Jif le (- n-bitblt-buffers i)

1
‘{jurp , (fintern "UBITBLT-BLOCK-ALU-WRITE-~d" n))))}1})

3: Norma!l case
‘{gefucode ,name

{parallel
(Waiting-for-memery) sfirst word already started
(declare-memory-timing active-cycle)
{start-menory read block)) sstart second word

,e{loop for i from (- n-bitblt-buffers n)} below n-bitolt-buffers

collect ‘(parailel
(abus-arra?odata
(assign
memory-data)l

dtp-fix)})
, (selectg (- nebitblt-buffers j)
f% ‘!{Tmp . {fintern "UBITBLT-BLOCK~-ALU-WRITE-~d" n}))
nit

bitblt-buffer ,i) (set-type (,alu (bitblt-buffer ,i)

{otheruise ‘(start-memory biock read))) :start word after next

111))

{def-b!ock-aluop ubitblt-block-logand-8 8 logand)
{cef-blcck-aluop ubitblt-bleck-togior-3 8 logior)
(def-bicck-alucp ubitbit-niock-iogxor-8 & logxor)
(def-block-aiuop ubitblt-block-andc2~-8 8 andc2)
(def-bliock-aluop ubitolt-block-lognand-8 & lognand)
(def-block~-aluop ubitolt-block-logand-4 & |ogand)
(def-block-2iuop ubitolt-bicck-logior-4 4 logior)
(def-plock-alucp ubitbit-biock-logxor-4 & logxor)
{def-blcck-alucp ubitblt-block-andc2-4 4 andz2)
{def-plock-alucp ubitbit-block-iognand-4 & lognand)

{defrzcro def-block-alu-urite (name n)
*{deiucode ,name
(paral letl
(assign-vma-offset d)
{call activote-bitelt-butfer))
.@iiocp for i frem (- n-bitblt-buffers n) below n-bitb!t-buffers
collect ‘*(parcz!iel
(etcre-word (bitblit-buffer ,i) block)
{1isp (trace-path #/.}1)}))
{paraliel
{acsign bh-d-offset (+ bh~d-cfécet b-block-size))
(call deactivate-bitblt-buffer})

{assi?T ?b—uidth (- Bb-width (rotzte b-block-size 5))) 125 = bits-per-word
paralle

(assign bh-s-offset (+ bb-s-offset b-block-size))

{returnl}y)

ldef-ticck-alu-urite unithlit-block-alu-urite-8 8)
(def-picck-alu-urite ubitalt-bicck-alu-urite-4 &)

Each time through the ioop, s-word uas fetched from memory Iike
Cmm——— 8.bitpos——mmum -

8888888885, .voircrenrarorcncees

and then rotated so it looks like

certecrtersssessnsaesss SS5555888S

L s TR IR ¥-1-L Lt ~

Each time, another s;girdz gets fetched and deposited into s-uord |ike
r—————— 8.bitposSrmmmewn
essesas seesesass1111111111

22022222 55555555 57532?“7775é2

¥
',
..
[
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e
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e
'Yy
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'y
vy
.
'y
T
vy

2
The rotation for the dpb equails the rotation for setup for next icop.
b

-s-word has the partial previous source word whose addreas is in bb-s-offset,
otated intd alijgnment with the destination, but not xored with bb-constant
efucode ubitblt-d-aligned-rou~-both
(if (greater-or-ejquai-fixnum bb-uidth {b-constant (x 8. 32.)}))

ssFetch a block of words into the buffer
{sequential
(assign b-temp (+ bb-s-offset (b-constant 8.}))
{if (Tesser-or-equal-fixnum bb-s-row-iength b-temp)
{goto ubitbit-d-aligned-rou-both-slou-1oop)
(sequential
(paralie!
(assign-vma-oftset s 1)
(cali ubitblt-rotated-block-read-8))
(parailel
{assign-vma-of fset d)

-t oo
QYo

{call-and-return-to ubitblt-block-alu-8 ubitblt-d-aligned-rou-both)))))

iFrob uith what's left., Too bad dispatch blocks are expensive.
if {greater-or-equal-fixnum bb-uidth (b-constant (x & 32.)))
(sequentia!
(assn?n b-temp {+ bb-s-offeset (b-constant 4.)))
(if (lesser-or-equal-fixnum tb-s-rou-length b-temp)
{goto ubitblt-d-aligned-row-both-slou~locp)

«
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{secuential
(paraliel
(assign-vma-offset ¢ 1)
{call ubitblt-rotated-block-read-4))
(paraiiel
(assign-vma-offset dJ
{cali-ang-return-to ubitblt-biock-alu-4
ubitblt-d-aligned-rou-both~slow-loop)}}))
{goto ubitbit-d-aligned-rou-both-slow-locplt))

317 cycles per word
{incr-urap-s-ocffcet-shead) 12
{paraliel-uith-s-access bb-s-offset-apead s4

{trep-if {lesser-fixnum bb-uidth (b-constant 32.))

ubitblt-d-aligned-row-both-done)

(2ssign bute-s (1- bEh-s-bitpos))

(&ssion bb-s-word2 memory-data))

{assignbyte-r (32- bb-s-bitpes)) sl
{2ssign bb-s-word {dpo bb-s-word? bute-s tyte-r bb-s-uord})
(assi?n bb-s-word (logxor bb-constant-a bob-e-word))
{paraliet 1143

(assign-vma-offset d)

{call bb-uord-aiu-operaticn-dispatch))
{2ssign bb-width (- bb-uidth (b-constant 32.)))
(incr-d-offset)

{assign bb-s-offsat bb-s-offset-ahead)
{paraliel

lassign bb-s-word (rotate bbe-s-word? byte-r))

(licp (trace-path #/.})

(jump ubitblt-d-aligned-raw-both)))

R
[y

Bt Pt ot b

s vs wo e

At entry, we have s-uord fetched from memory |ike
rom—— S.bitpos-mec-aan

888555 CS. iuntentsannnenronnnns

Eut then rotated co it looks |ike

tetecceersaciatnrasss BE8EaSEERT

r—————— $.DitpOS—mmna-a -

This is to be combined uith d-word which looks |ike
*reesescessnnenasessdddddddidddd
emeeigdthe—-
vcode utithlt-d-aligned-rou-both-dona
ssign bb-s-uword {lcoxnr bb-constant-a bb-s-word))
f {plus-fixnum bb-width)
tsegquontial
tassicn b-temp (22~ bb-s-bitpos))
(it (Tescer-cr-equai-fixnum bb-uidth b-temp)
siue have enounh s bite
#====5,Li tpos--—4e----3, temp-——a
cteessesanssses 5880550830288 es
treesseraesasseena,dddduddddddd
emeellitdthe=a

—-—g) -

() 20 »e o0 w0
..

— we ve we
—iD

Jquential
assion byte-r (b-constant 8))
(assign byte-s (1- bb-width))
(paraiiel

(assign-vma-offset d)

(1isp (trace-path ¥#/4))

{jump bL-byte-alu-operation-dispatch))) ;jcall
need to get another source word
tmee=5. DI tpOS~~mdrecea], tEempa——-
Ceseesesesseansse.B8S888ECG8gSETS
............ddddddddc; dodddsddd

—— wo oo 9s w8

L]
sequential :
(paraiilel-uith-s-access po-s-offset-ahsad

(ascign byte-r b-templ

(assign byte-s (1~ bb-s-bitpos))

(assign bbo-s-werd2 (logxor memory-data bb-constant)))
(assign bb-s-uord {dpb bb-s-word2 byte-s byte-r bb-s-word))
{assian pbyte-r (b-constant 8))

{assign