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Paragraphs 1-1 to 1-3

SECTION |
GENERAL DESCRIPTION

1-T INTRODUCTION

This manual contains information necessary to operate and
maintain the Sigma 5 computer, manufactured by Scientific
Data Systems, Santa Monica, California. Following the
general physical and functional description in this section,
the material presented includes a section on operation and
programming, basic and detailed principles of operation,
maintenance instructions, performance testing, and a
tabular list of replaceable parts.

Technical manuals describing equipment associated with the
Sigma 5 computer and programming manuals are referred to
in the List of Related Publications in the front matter of
this manual.

The Sigma 5 computer is a high-speed, multipurpose, digital
computer for use in business, scientific, process control,
hybrid, and systems applications. The computer, which is
organized around one or more high-speed central processing
units with an integral input/output processor and fast mag-
netic core memory, functions efficiently in real-time,

time-sharing, and multiusage computing environments.
Figure 1-1 shows a typical Sigma 5 computer configuration.

1-2 PHYSICAL DESCRIPTION

1-3 BASIC COMPUTER

The basic Sigma 5 computer contains a central processing
unit (CPU) and integral input/output processor contained

in a single cabinet, an expandable memory contained in
one to four cabinets, and at least one 1/O device controller
and a processor control panel, contained in an accessory
cabinet. The CPU and memory are composed of printed cir-
cuit modules inserted into slots in chassis. Each chassis may
contain up to 32 modules. Pins at the rear of the modules
are plugged into sockets mounted on a rear wiring board
that contains all wire connections. Module sizes are all
identical except for the core diode modules in the memory
units. These modules occupy the vertical space normally
filled by two standard modules, and therefore require a
double-sized chassis.

PANEL

ACCESSORY CABINET ~ ACCESSORY CABINET
NO.2 NO.1

\

PROCESSOR CONTROL

CENTRAL PROCESSING
UNIT

MEMORY CABINET MEMORY CABINET
NO. 1 NO.2

f /

901172A. 1001

Figure 1-1. Sigma 5 Computer (Typical Configuration)
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1-4 EQUIPMENT BREAKDOWN

Within each Sigma 5 system cabinet are two or three racks,
either hinged or stationary, identified as frames. One
frame may contain a maximum of nine module chassis. A
module is a printed circuit board that fits into a slot ina
chassis. Figure 1-2 shows the location of a module,
chassis, and frame in a computer cabinet.

Table 1-1 lists the models in a basic Sigma 5 system, but
does not include any of the several available input/output
controllers which are normally housed in accessory cabinets,

1-5 COMPUTER CONFIGURATION

The Sigma 5 computer consists of one CPU cabinet, one to
four memory cabinets, and at least one accessory cabinet.

The CPU cabinet contains two swinging frames that hold

the active circuit boards and logic wiring and one stationary
frame that mounts the PT14 and PT15 ac/dc and dc/ac power
converters and the power distribution box. The logic power
supply, PT16, is mounted on the sides of the swinging
frames. See figure 1-3,

Each memory cabinet contains one or two swinging frames
that hold from 4K to 16K of memory each. One stationary
frame holds one or two memory port expanders if this option
is present. For example, a memory cabinet containing only
8K of memory and no port expander will contain only a
single frame. The PT17 memory power supplies are mounted
on the sides of the memory frame, See figure 1-4,

The first accessory cabinet {(accessory cabinet No. 1) con-
tains the processor control panel (PCP) and at least one
I/O device controller. This cabinet may also contain the
optional floating point feature and an external multiplexing
I/O processor. See figure 1-5. The frame-mounted PT18
power supply is required for input/output device controllers
in the accessory cabinets. Power supplies PT14 and PT15
may be mounted in frame 3 of the accessory cabinets to
meet power-loading requirements,

Additional accessory cabinets may be required to house
additional priority interrupts and 1/0O equipment such as
magnetic tape and disc file controllers, A/D and D/A
converters, and so forth,

1-6 OPTIONAL FEATURES

Optional features that may be added to the basic computer
are listed in table 1-2. Many of these features are made
up of additional modules to be plugged into the CPU; others
are added to accessory cabinets or to memory cabinets.

The following optional equipment is added by plugging
additional modules into the chassis in the CPU cabinet:
power fail-safe, floating point arithmetic, two additional
real-time clocks (two real-time clocks are part of the basic
computer), and memory protection. Three private memory

1-2
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register blocks, in addition to the one block contained in
the basic computer, may be included in the CPU logic
modules in the CPU cabinet. The remaining additional
register blocks are obtained by adding separate chassis to
accessory cabinets. Each register extension chassis may
contain four private memory register blocks. The first three
external interrupt chassis have a specific location in the
CPU cabinet; others are added to the accessory cabinets.
Each external interrupt chassis provides control and mount-
ing space for up to eight interrupt modules, with two
interrupt levels per module, In the memory cabinets, the
first memory is always in frame 2, and the second is always
in frame 1, Port expansion logic for both memories is
located in frame 3. The first multiplexing IOP is always
placed in accessory cabinet No. 1, frame 1; additional
external IOP's are located in other accessory cabinets.

1-7 FUNCTIONAL DESCRIPTION

1-8 BASIC COMPUTER DESCRIPTION

For purposes of description, a minimum system is defined
as one comprising a CPU, a 4K memory, a device con-
troller, and a device, as shown in figures 1-6 and 1-7,
The computer may comprise a CPU with an integral IOP

(Model 8201)or a CPU without an integral IOP (Model

8202) and a 4K memory,

Although the CPU consists, physically, of rows of modules,
certain basic functional elements can be identified. These
are two real-time clocks, a watchdog timer, seven internal
interrupt levels, arithmetic and control logic and associ-
ated register, a clock generator, a 1,024-mhz clock
oscillator, and a 16-register block of private memory.

The functions of the CPU are to address core memory, fetch
and store information, perform arithmetic and logical
operations, sequence and control instruction execution,
and control the exchange of information between core
memory and other elements of the system.

The memory contains magnetic core storage, addressing
logic, port priority logic, control logic, a timing signal
generator; also drive, predrive, inhibit, and sensing
circuits. All memory is directly addressoble by both the
CPU and the IOP. Partial words may be stored in the form
of 8-bit bytes and 16-bit halfwords.

The integral IOP contains input and output data storage
registers and buffers, fast-access memory register for com-
mand manipulation, a timing signal generator, and control
logic. The function of the integral IOP is to contro! and
sequence input and output operations for eight (expandable
to 32) peripheral devices simultaneously, allowing the CPU
to concentrate on program execution. The active devices
time-share the hardware in the integral IOP. For each
device connected to the integral [OP, a storage unit called
a subchannel is included in the IOP. All input/output
events that require CPU intervention are brought to the
attention of the CPU by means of the interrupt system. The
device controllers and devices are described in other
technical manuals,
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Figure 1-2, Equipment Breakdown
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Figure 1-3. CPU Cabinet
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Figure 1-5. Accessory Cabinet No. 1 (Typical)
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Table 1-1. Main Units
Model Nameplate Nomenclature Assembly
No. or Assembly Drawing Title Common Name Drawing No. Location
8201 | SDS Sigma 5 Central processing unit (CPU) 117282 CPU cabinet and accessory
with integral IOP cabinet No. 1
8202 | SDS Sigma 5 Central processing unit (CPU) CPU cabinet and accessory
without integral IOP cabinet No. 1
8203 | Integral 1OP Integral 1OP 137086 CPU cabinet
8251 | Bosic 4K x 33 bit 4K memory 132546 Memory cabinet
Table 1-2. Optional Features
Model Nameplate Nomenclature Assembly
No. or Assembly Drawing Title Common Name Drawing Mo, Location
8211 | Real-time clock Two additional real-time clocks|] 117616 CPU cabinet
8213 | Power fail-safe Power fail-safe 117612 CPU cabinet
8214 | Memory protection feature Memory protection 117617 CPU cabinet
8216 | Additional register block Private memory
8218 | High speed register page 117621 CPU or Accessory cabinet
8221 | Register extension unit 130071 Accessory cabinet
8222 | REU Interface 132208 Accessory cabinet
8218 | Floating point feature Fioating point 134099 Accessory cabinet
8221 | Priority interrupt External interrupt chassis 117330 CPU cabinet or accessory cabinet
8222 | Interrupt 2 level Interrupt, two levels 132206 CPU cabinet or accessory cabinet
8252 | Memory expansion kit 4K Memory expansion to 8K 117638 Memory cabinets 1, 2, 3, or 4
to 8K
Memory expansion kit 8K Memory expansion to 12K 117639 Memory cabinets 1, 2, 3, or 4
to 12K
Memory expansion kit 12K Memory expansion to 16K 117640 Memory cabinets 1, 2, 3, or 4
to 16K
8255 | Two-way access One- to two-port expander 129463 Memory cabinets 1, 2, 3, or 4
8256 | Three-way access Two- to three-port expander 128125 Memory cabinets 1, 2, 3, or 4
8257 | Memory port expander F Three- to six-port expander 130625 Memory cabinets 1, 2, 3, or 4
(first) (one memory)
Memory port expander S Three- to six-port expander 130626
(second) (two
memories)
8270 | External interface feature External interface 137086 Accessory cabinet
8271 | Input/output processor Multiplexing input/output 117610 Accessory cabinet
8272 | 1OP/DC expansion Additional eight subchannels 117618 Accessory cabinet
8281 | Selector 1/O processor A Selector IOP 117620 Accessory cabinet
8284 | Selector I/O processor B Selector IOP chassis mod kit 117620 Accessory cabinet

1-7
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Figure 1-6. Sigma 5 Minimum System With Integral 10P
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Figure 1-7. Sigma 5 Minimum System Without Integral IOP

1-9 COMPUTER OPTIONAL FEATURES

1-10 Two Additional Real-Time Clocks

This feature adds interrupt capability for two additional

real-time clocks in addition to the two already in the CPU.

With this feature installed, the CPU has four independent
real-time clocks, each separately controlled by program-
ming. The clocks can be used either as elapsed time
counters or as real-pulse accumulators.

1-11 Power Fail-Safe Feature

The power fail-safe feature detects an imminent failure of
primary power and, with the help of programming, brings
the system to an orderly halt while power is still at a
sufficient level to permit reliable operation. After shut-
down, this feature automatically senses that power has
returned fo a normal level, and causes the machine to
resume computation under program control at the point of
prior interruption. The contents of all volatile registers
are saved in nonvolatile magnetic core memory before

1-8

shutdown occurs. The register contents are restored as part
of the startup routine.

1-12 Memory Protection

The memory protection feature allows both real-time (fore-
ground) programs and background programs to be run con-
currently. A foreground program is protected against de-
struction by an unchecked background program. The memory
protection feature allows protected areas of memory to be
written info only under specified conditions.

1-13 Private Memory Register Extension

The private memory register extension provides additional
private memory registers in blocks of 16 registers each. Up
to 15 additional private memory register blocks may be
added, making a total of 16 blocks in the computer.

1-14 Floating Point

The floating point feature enables floating point arithmetic
to be performed, using both 32- and 64-bit precision.
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Normalized or unnormalized modes of addition and sub~-
traction may be selected by the program.

1-15 External Interrupts

The maximum external interrupt system provides 224 inter-
rupt levels in addition fo those already existing internally
in the CPU. Each level can be individually armed or
enabled under program control. External interrupts are
added to the computer in groups of 16, and priorities are
established at the time of installation.

1-16 Memory Expansion

Memory size can be expanded in increments of 4096 words
up to a maximum of 131, 072 words.

1-17 Port Expansion

Each memory block may have from one to six entry ports,
each of which may be connected to a memory bus contain-
ing data and address lines and control signal lines. Each
memory bus provides access to memory for one CPU or 10P.
The basic computer includes one port for each memory
block; an optional second or third port may be added for
two- or three-way access. An optional expander to four
ports may be added to either the second or third ports to
provide six-way memory access. Since each CPU or IOP
has its own bus to any memory block, a computer with more
than one memory block can have more than one memory
access occurring simultaneously.

1-18 Multiplexing Input/Qutput Processor

The multiplexing input/output processor controls and
sequences input/output operations for eight to thirty-two
peripheral devices simultaneously to provide input/output
capabilities in addition to those provided by the optional
Sigma 5 integral IOP. The MIOP incorporates up to 32
input/output channels in eight channel increments. The
device controllers attached to the first eight channels of
the MIOP can handle up to 16 devices each; the remaining
channels can handle one device each.

1-19 Additional Eight Subchannels (IOP)

To increase the number of devices connected to one 10P,
additional subchannels may be added in increments of eight
up to @ maximum of 32 subchannels for 32 devices.

1-20 Selector Input/OQutput Processor

The selector IOP provides control, sequencing, and data
transmission for up to 32 high-speed peripheral devices
operating one at @ time. These devices may have data
rates that would exceed the bandwidth of the multiplexing
IOP or would use up so large a percentage of that band-
width as to make it impractical to run any other device
concurrently. In cose o second high-speed data path is
required, an optional additional selector channel may be
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added, identical to the first selector IOP. This optional
additional selector channel may share the same memory bus
as the first,

1-21 Six Internal Interrupt Levels

In addition to the seven internal interrupt leveis inciuded
in the standard computer, six more internal interrupts are
optional.

1-22 MAXIMUM COMPUTER SYSTEM

A maximum Sigma 5 computer system may consist of up to
eight 16K memories, eight three- to six-port expansion
units, three register extension units, and 14 external inter-
rupt chassis, in addition to the standard features in the
CPU. For maximum 1/O capabilities, input/output
processors may be connected in any of the combinations
listed in table 1-3,

Table 1-3. Maximum Computer System IOP Combinations

Multiplexing | Selector | Additional Selector | Total
10P's* 1OP's Channels IOP's
5 0 0 5
4 2 2 8
3 3 2 8
2 3 3 8
1 4 3 8
0 4 4 8
*Includes integral 1OP

A block diagram of a typical maximum computer system is
shown in figure 1-8,

1-23 SPECIFICATIONS AND LEADING PARTICULARS

The general specifications for the Sigma 5 are given in

table 1-4,

The input power specifications for the power supplies used
in the computer are given in table 1-5. Power supply PT14
receives 60-hz power from the main power source and
supplies 60 vdc to the PT15 power supply. The 120-vac,
2000-hz output of the PT15 power supply is used as an
input to the PT16, PT17, and PT18 power supplies. Since
the PT14 and PT15 power supplies are always in series, the
input and output power specifications are given as if the
two were one power supply. The power output from the
PT16, PT17, and PT18 power supplies, in watts, is deter-
mined by the power requirements of the computer as indi-
cated in table 1~6. This table represents an arbitrary
computer containing all possible optional features in the
CPU. The total power requirements from table 1-6 may be
used to calculate the necessary power supply input in table
1-5. Power requirements for peripheral devices are given
in the technical manuals for those devices.
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Table 1-4.  General Specifications

Characteristic

Specification

Temperature (electronics)
Nonoperating
Operating
Relative Humidity (operating)
Aititude
Nonoperating

Operating

Memory cycle
Without interleaving

With interleaving
Logic signal levels
Word length

Data format

-40°C to +60°C (-40°F to +140°F)
59C to 50°C (41°F to 122°F)

10% to 95%

20,000 feet maximum

10,000 feet maximum

800 nanaseconds

635 nanoseconds, effective
ONE: +4v; ZERO: Ov
32-bits plus parity bit

8-bit byte, 16-bit halfword, fixed point and floating point word, fixed point and
floating point doubleword

Coding Binary, Hexadecimal, EBCDIC
Table 1-5, Power Supply Input Power Specifications
Power Supply Power Input (volt-amperes)
PT14, PT15 1.66 times volt-amperes output (2000 Hz)
PT16 (2400-Hz input) 150 + 1. 36 times dc output in watts (table 1-6)
PT17 (2400-Hz input) 150 + 1. 36 times dc output in watts (table 1-6)
PT18 (2400-Hz input) 150 + 1. 36 times dc output in watts (table 1-6)
Table 1-6. Computer Power Requirements
POWER REQUIREMENTS POWER REQUIREMENTS TOTAL DC POWER
UNIT OF PT16 (AMPS) OF PT17 (AMPS) (WATTS)
Drive Voltage
+8v -8v +4v +24v (25v max)
CPU, frame 1 18.5 2.6 19.0 245
CPU, frame 2 20.0 1.3 35.0 310
16K memory 11.0 5.1 14.0 2.0 20.0 484
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Table 1-6. Computer Power Requirements (Cont. )

POWER REQUIREMENTS

POWER REQUIREMENTS

TOTAL DC POWER

UNIT OF PT16 (AMPS) OF PT17 (AMPS) (WATTS)
Drive Voltage
+8v -8v +4v +24v (25v max)

Port expander (1) 1.0 0.4 4.0 27
Multiplexing IOP 9.0 2.4 20.0 i71
Register extension unit, 4.0 0.4 13.0 87
including 4 register blocks

Processor control panel 3.5 2,5 0 48
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Paragraphs 2-1 to 2-7

SECTION 11
OPERATION AND PROGRAMMING

2-1 GENERAL

This section is divided into two main categories: operating
instructions and programming description. Sigma 5 operat-
ing instructions describe the purpose and function of the
processor control panel (PCP), its control switches and dis-
plays. The paragraphs describing programming include in-
struction and data formats, memory addressing, indexing,
and indirect addressing. Descriptions of individual instruc-
tions can be found in the Sigma 5 Computer Reference
Manual (SDS 900959), or in the operation code descrip-

tions in section Il of this manual,

2-2 OPERATION

The following paragraphs describe the operating procedures
required during maintenance of the computer. All opera-
tions are carried out from the PCP.

2-3 CONTROLS AND INDICATORS

The PCP is divided into two parts: a maintenance section
on the upper half of the panel, and an operator's or pro-
grammer's section on the lower half. The various control
switches, indicators, and displays on the PCP are shown in
figure 2-1, Table 2-1 lists the switches and indicators
found on the programmer's section of the PCP with their
reference designators and a brief description of their func-
tions. A similar list for the switches and indicators on the
maintenance section of the PCP is given in table 2-2,

2-4 OPERATING PROCEDURES

The following paragraphs describe step by step manual
procedures for the various operations from the processor
control panel.

2-5 Applying Power

When the POWER switch is pressed both ac and dc power
are applied to the CPU and to all units connected to it.
When ac power is applied to the system, the POWER switch
is lit. Application of power sets the CPU to initial con-
ditions as described in table 2-1.

2-6 Displaying Contents of Memory Location

To display the contents of any memory location or the
contents of any current private memory register perform
the following steps:

a. Set the COMPUTE switch to IDLE. The PHASE
display will indicate that the CPU is in phase PCP2.

b. Place the address of the memory location (or of
the register of the current register block) into the SELECT
ADDRESS switches by moving the DISPLAY switch to the
SELECT ADDR position.

c. Move the DISPLAY switch to the momentary
SELECT ADDR position and return to center,

d. Observe the binary contents of the selected
address in the DISPLAY indicators., Memory protection,
if included, is inhibited in this PCP operation.

To observe the contents of a private memory register in a
register block other than the one currently displayed by the
POINTER field of PSW2, the contents of the POINTER field
must first be changed to point to the desired register bfock.
This operation is described in paragraph 2-9.

The contents of the memory location pointed to by the instruc-
tion address indicators (address currently inthe P-register)
may be displayed by performing the following steps:

a. Move the DISPLAY switch to the momentary INSTR
ADDR position and return to center.

b. The display indicators will now contain the con-
tents of the location pointed to by the instruction address
indicators.

If successive memory locations are to be displayed, move
the INSTR ADDR switch to INCREMENT position momen-
tarily and repeat steps a and b.

2-7 Storing Into Memory

Storing data or instructions into memory locations, either
in core memory or in private memory, is accomplished by
the foiiowing steps:

a. Set the COMPUTE switch to IDLE. The PHASE
display will indicate that the CPU is in phase PCP2,

b. Place the address of the memory location into
which the data is to be stored into the SELECT ADDRESS
switches.

c. Set the single DATA switch to CLEAR. This resets
the DISPLAY indicators (D-register).

d. Place the binary information to be stored into the
DATA switches. In the DATA switches binary ones are
indicated when a switch is in the upper position. The cen-
ter position of a DATA switch cannot change the current
state of the corresponding bit in the D-register.

e. Set the single DATA switch to ENTER and then
release. The DISPLAY indicators (contents of D-register)
will now assume the same information as the DATA switches.

f.  Set the STORE switch to the SELECT ADDR
position momentarily and relecse. The data will be stored
in the selected memory location.
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Table 2-1, Controls and Indicators, PCP Programmer's Section

Control or Indicator

Reference Designator

Function

POWER

CPU RESET/CLEAR

/O RESET

UNIT ADDRESS

SYSTEM RESET/
CLEAR

NORMAL MODE

Switch S19
Indicator D528

Switch S18
Indicator DS100

Switch S17
Indicator DS99

Switch S16
Indicator DS27

Switches S15A,
S158, S15C

Switch S18
Indicator DS100

Indicator DS25

Push-on, push-off switch that supplies ac power to CPU and all units
under its control. When power is first applied, indicator DS28
lights, and a signal is generated in memory power supply to initialize
system. All reset functions normally performed by CPU RESET and
SYSTEM RESET switches are performed by the POWER switch. When
power is applied to the system (indicator DS28 lit), pressing the
POWER switch will remove power from the system.

Pressing switch establishes following initial conditions within CPU:

a. All interrupts are disarmed and disabled

b. WRITE KEY, INTRPT INHIBIT, POINTER, CONDITION
CODE, FLOAT MODE, MODE and TRAP indicators are reset

c. INSTRUCTION ADDRESS indicators are set to X'25'

d. DISPLAY indicators are set to X'02000000', which is load
conditions and floating control immediate instruction with R
field of zero, to produce "no operation" instruction

e. Resets MEMORY FAULT indicators

Setting the CPU to initial conditions by pressing CPU RESET switch
does not affect any current input-output operation that may be in
progress

This switch is used to initialize the standard input-output system by
halting all periphera! devices under control of the CPU and resetting
all status and control indicators in the input-output system, The 1/0O
RESET switch does not affect any current CPU operation

Pressing the LOAD switch sets memory to initiai conditions to accept
an input operation using peripheral input device selected by UNIT
ADDRESS switch

The three UNIT ADDRESS switches select the peripheral unit to be
used in loading process. Unit addresses are hexadecimally notated
and provide for up to 2048 different addressing combinations.
Addresses of peripheral devices may vary from system to system

Pressing SYSTEM RESET/CLEAR causes all controls and indicators in
the Sigma 5 system to reset. Pressing this switch initializes the
memory control logic, resets the MEMORY FAULT indicators, and
causes the CPU to perform all the operations described for both the
CPU RESET/CLEAR and 1/O RESET/CLEAR switches. The SYSTEM
RESET/CLEAR and the CPU RESET/CLEAR switches are interlocked
so that pressing both switches simultaneously clears core memory to
zeros

Indicator lights when all the following conditions are satisfied:
a. WATCHDOG TIMER switch is set to NORMAL
b. INTERLEAVE SELECT switch is set to NORMAL
c. PARITY ERROR MODE switch is set to CONT (continue)
d. CLOCK MODE switch is set to CONT (continuous)

e. All voltage margins are normal

(Continued)
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Controls and Indicators, PCP Programmer's Section (Cont. )

Control or Indicator

Reference Designator

Function

RUN

WAIT

INTERRUPT

WRITE KEY

INTRPT INHIBIT

POINTER

CONDITION CODE

FLOAT MODE
SIG
ZERO
NRMZ

MODE SLAVE

TRAP ARITH

INSTRUCTION
ADDRESS

CLEAR PSWI

Indicator DS24

Indicator DS23

Switch S13

Indicator DS22

Indicators DS37-DS38

Indicators DS34,

DS35, DS36

Indicators DS29-DS32

Indicators DS63~-DS66

Indicators DS60,
DSé61, DS62

Indicator DS59

Indicator DS56

Indicators DS39-DS55

Switch S77

Indicator lights when COMPUTE switch is set to RUN, and no halt
condition exists

Indicator lights when any of following conditions exist:
a. CPU is executing wait instruction
b. Program is stopped because of ADDR STOP switch

c. CPU has attempted to execute instruction in interrupt
location other than load or exchange program status
doubleword or modify and test instruction

Switch is used by operator to activate control panel interrupt. If
PCP interrupt level is armed, asingle pulse is transmitted to interrupt
level, advancing it to waiting state. INTERRUPT switch lights when
this interrupt level is in waiting state and remains lit until interrupt
level advances to active state

Two indicators, part of program status word 2 (PSW2), used to control
write access in areas of memory when memory protection option is used

Three indicators, part of PSW2, used to designate which groups of
interrupts are allowed or inhibited

Four indicators, part of PSW2, used to represent current status of
register pointer in CPU

Four condition code indicators, part of program status word 1 (PSW1),
used to indicate nature of results of instruction after instruction has
been executed

These three indicators, part of PSWI1, represent current control modes
for floating point operations: significance, zero, and normalize

This indicator, part of PSWI1, represents current mode of operation of
CPU. Indicator lights when CPU is in slave mode

Indicator ARITH, when lit, designates that trap conditions can occur
with certain fixed point arithmetic operations. This indicator is part

of PSW1

These indicators normally represent the current contents of the P-
register in the CPU and are part of PSW1. Address displayed in this

field is address of next instruction when REGISTER SELECT switch is

at EXT, the indicators normally displaying bits 16 through 25 of the
P-register display the 1/O address and the indicator normally dis-
playing bit 26 of the P-register displays an internal /O fast memory
signal

This switch is used to clear the contents of the first program status word
to zeros. Resets the condition code bits, the floating arithmetic code
bits, the master mode flip-flop, and resets the confents of the P-register
to zeros

2-4
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Table 2-1. Controls and Indicators, PCP Programmer's Section (Cont. )

Control or Indicator

Reference Designator

Function

PSW2

ADDR STOP

SELECT ADDRESS

DISPLAY

DATA

INSERT

STORE

DATA

Switch S$76

Switch S$41

Switches 524-540

Indicators
DS67-DS98

Switches $44-575

Switch S21

Switch 523

Switch S43

This switch is used to clear the contents of the second program status
word to zeros. Resets the write key code bits, the interrupt inhibit
flip-flops, and resets the register pointer to zeros

ADDR STOP (address stop) switch causes CPU to halt whenever value
of INSTRUCTION ADDRESS indicators and value set in SELECT AD-
DRESS switches or the value of the operand address are equal. When
halt occurs, WAIT indicator lights, and instruction in location dis-
played by INSTRUCTION ADDRESS indicators appears in DISPLAY in-
dicators. Instruction displayed is one that would have been executed
next had halt not occurred. Address stop halt is reset when COMPUTE
switch is moved from RUN to IDLE. If COMPUTE switch is then moved
back to RUN (or to STEP), instruction shown in DISPLAY indicators is
next instruction executed. ADDR STOP switch is not effective when
selected address is that of private memory registers 00 through OF

Used with ADDR STOP switch to select virtual address at which pro-
gram is to be halted. They are used to select virtual address of
location to’be altered when used with STORE switch, and are used

to select virtual address of word to be displayed when used with
DISPLAY switch

Indicators display contents of memory word when used with INSTR

ADDR, STORE, DISPLAY, and DATA switches, DISPLAY indicators
show current contents of internal CPU sum bus and represent the next
instruction to be executed when the CPU is placed in the RUN mode

Thirty-two DATA switches are used to change contents of program
status doubleword when used with INSERT switch and to alter vaiue
of DISPLAY indicators when used with single DATA CLEAR/ENTER
switch, Each DATA switch is inactive in center position and is
latching in center and upper {1) positions. In center position,
DATA switch represents no change. In upper position each switch
represents 1

Used to make changes in program status doubleword by manual manip-~
ulation. Switch is inactive in center position and is momentary in
upper (PSW2) and lower (PSW1) positions. When switch is moved to
either PSW1 or PSW2, corresponding portion of program status double-
word is altered according to current state of DATA switches

Used to change contents of either general register or memory location.
Switch is inactive in center position and is momentary in INSTR ADDR
and SELECT ADDR positions. When switch is moved to INSTR ADDR,
current value of DISPLAY indicators is stored in location shown by
INSTRUCTION ADDRESS indicators. When switch is moved to
SELECT ADDR, current value of DISPLAY indicators is stored in
location shown by SELECT ADDRESS switches

Single DATA switch is used to change state of DISPLAY indicators.
Switch is not active in center position and is momentary in CLEAR and
ENTER positions. When switch is moved to CLEAR, all DISPLAY indi-
cators are reset (turned off). When switch is moved to ENTER, display
indicators are altered according to state of 32 DATA switches

(Continued)
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Table 2-1. Controls and Indicators, PCP Programmer's Section (Cont. )

Control or Indicator

Reference Designator

Function

INSTR ADDR

DISPLAY

COMPUTE

Switch S$20

Switch 522

Switch S42

INSTR ADDR (instruction address) switch is inactive in center position.
Upper position (HOLD) is latching, and lower position (INCREMENT)
is momentary. When switch is placed in HOLD, the normal process of
modifying instruction address portion of program doubleword with each
instruction is inhibited. If COMPUTE switch is placed in RUN while
INSTR ADDR switch is at HOLD, instruction in location displayed by
INSTRUCTION ADDRESS indicators remaining unchanged unless the
instruction contains a branch or is a load or exchange doubleword in-
struction. If COMPUTE switch is moved to STEP while INSTR ADDR
switch is at HOLD, instruction is executed once each time COMPUTE
switch is moved to STEP, and INSTRUCTION ADDRESS indicators re -
main unchanged. Each time INSTR ADDR switch is moved from center
position to INCREMENT, the following operations are performed:

a. Current value of INSTRUCTION ADDRESS indicators is
counted up by one

b. Contents of virtual address displayed by INSTRUCTION
ADDRESS indicators are shown in DISPLAY indicators

Displays contents of either general register or memory location.
Switch is inactive in center position and is momentary in both INSTR
ADDR and SELECT ADDR positions, When switch is moved to INSTR
ADDR or SELECT ADDR, contents of location shown by indicators or
switches, respectively, appear in DISPLAY indicators

Controls execution of instructions. Center position (IDLE) and upper
position (RUN) are both latching. Lower position (STEP) is momen-
tary. When COMPUTE switch is at IDLE, all other control panel
switches are operative. When COMPUTE switch is moved from IDLE
to RUN, RUN indicator lights and CPU begins to execute instructions
as follows:

a. Current setting of DISPLAY indicators is taken as next
instruction to be executed regardless of contents of location

shown by current value of INSTRUCTION ADDRESS indicators

b.  Value in INSTRUCTION ADDRESS indicators is counted up
by one

c. Instruction execution continues with instruction in location

ANICTRLIATY

shown by new value of INSTRUCTION ADDRESS indicators

d. Steps b and c are repeated unless program branches out of
sequence

When COMPUTE switch is in RUN, the only switches operative are
POWER, INTERRUPT, ADDR STOP, INSTR ADDR (in HOLD position),
and switches in the maintenance section of control panel. Each time
COMPUTE is moved from IDLE to STEP, the following operations

occur:

a. Current setting of DISPLAY indicators is taken as an instruc-
tion, and instruction is executed.
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Table 2-1. Controls and Indicators, PCP Programmer's Section (Cont.)

Control or Indicator

Reference Designator

Function

COMPUTE (Cont.)

b. Current value of INSTRUCTION ADDRESS indicators is
counted up by one. If stepped instruction was a branch instruc-
tion and branch should occur, INSTRUCTION ADDRESS
indicators are set to the value of the effective address of branch
instruction

c. Instruction in location shown by new value of INSTRUCTION
ADDRESS indicators is displayed in DISPLAY indicators

If instruction is being stepped (executed by moving COMPUTE switch
from IDLE to STEP), all controllable interrupt levels are temporarily
inhibited while instruction is being executed; however, traps can
occur. In this case, the XPSD instruction in the appropriate trap
location is executed as if the COMPUTE switch were in RUN. Thus,
if trap occurs during stepped instruction, program status doubieword
display (PSW1 and PSW2) automatically reflects effects of XPSD
instruction, and DISPLAY indicators then contain first instruction of
trap routine

Table 2-2. Controls and Indicators, PCP Maintenance Section

Control or Indicator

Reference Designator

Function

CONTROL MODE

MEMORY FAULT

ALARM
AUDIO

Switch S3

Indicators
DS14-DS21

Indicator DS13
Switch S2

CONTROL MODE switch is a two-position key lock. When switch

is in LOCAL, all controls and indicators on the PCP are operative.

In LOCK, the following switches on the PCP are operative: POWER,
INTERRUPT, all SENSE switches, and AUDIO. When the CONTROL
MODE switch is in LOCK the following switches are interlocked to
the following states regardless of their actual settings

a. COMPUTE switch to RUN

b. WATCHDOG TIMER switch to NORMAL
c. INTERLEAVE SELECT switch to NORMAL
d.  PARITY ERROR MODE switch to CONT
e. CLOCK MODE switch to CONT

Since the system is limited to no more than eight memory blocks, each
MEMORY FAULT indicator corresponds to a specific memory block.
Whenever a memory parity error occurs or an overtemperature con-
dition exists in a memory block, the appropriate indicator lights and
remains lit until indicator is reset. The MEMORY FAULT indicators
can be reset by pressing CPU RESET or SYSTEM RESET switch or by read
direct instruction coded to read MEMORY FAULT indicators. If
MEMORY FAULT indicator is lit because corresponding memory block
is beyond its maximum temperature range, and condition still exists
when indicator is reset, it will immediately be turned on again

Indicator is used to attract operator's attention to some urgent opera-
ting condition, and is turned on and off under program contro! by
execution of properly coded write direct instruction. When ALARM

(Continued)
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Table 2-2. Controls and Indicators, PCP Maintenance Section (Cont.)

Control or Indicator

Reference Designator

Function

ALARM (Cont.)

PREPARATION
PHASES

PCP PHASES

EXECUTION
PHASES

INT/TRAP
PHASES

REGISTER SELECT

WATCHDOG TIMER

Indicators DSI10,
DS11, DS12

Indicators DS7,
DS8, DS9

Indicators

DS3-DSé
Indicators DSI,
DS2

Switch S1

Switch S12

indicator is lighted and AUDIO switch is ON, a 1-kHz signal is set to
PCP speaker. ALARM indicator is reset by CPU RESET or SYS RESET
switch

Display one of four CPU phases during instruction preparation, or IOP
subphases with REGISTER SELECT switch at EXT

Display CPU phases (PCP1 through PCP7 in binary notation) during
PCP operation, or 1/O service call in indicator 4 (DS9) when REGISTER
SELECT switch is at EXT

Display CPU phases (PH1 through PH10 in binary notation) during
instruction execution, or internal IOP execution phases with REGISTER
SELECT switch at EXT

Indicators are lighted when either an interrupt or a trap condition
occurs to display the interrupt/trap phases of operation

Used to display contents of selected internal registers. With COMPUTE
switch at IDLE, register selected by REGISTER SELECT switch may be
shown in DISPLAY indicators by moving REGISTER DISPLAY switch to
ON. When REGISTER DISPLAY switch is returned to inactive position,
DISPLAY indicators display contents of sum bus. With REGISTER
SELECT switch at EXT and CLOCK MODE switch in center position:

a. 1/O phases are displayed in EXECUTION PHASE indicators
DS3-DS6, 1/0 subphases are displayed in PREPARATION PHASE
indicators DS10-DS12, 1/O service call is displayed in PCP phase
indicator 4 (DS9), 1/O address is displayed in the INSTRUCTION
ADDRESS indicators that normally display bits 16 through 25 of the
P-register (DS45-DS54), and internal 1/O fast memory signal is
displayed in the INSTRUCTION ADDRESS indicator that normally
displays P-register bit 26 (DS44)

b. Floating point data (if option present) is displayed in DISPLAY
indicators DS67-DS98 according to switch settings on ST14 module
in location 06A of floating point unit. Switches permit display of
contents of floating point sum bus and A-, B-, and D-registers
(upper and lower), as well as miscellaneous floating point control
signals

CPU can be interrupted at end of each instruction and at certain points
during execution of some instructions. An interval of not more than 40
psec may occur between any two interruptible points. Watchdog timer
is reset at each interruptible point and counts at a rate of 1-mhz
between interruptible points. If count in watchdog timer reaches 40,
CPU traps to location X'46'. When WATCHDOG TIMER switch is in
OVERRIDE, watchdog timer is inoperative. When switch is in NORMAL

watchdog timer is operative

(Continued)
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Paragraphs 2-8 to 2-9

Table 2-2. Controls and Indicators, PCP Maintenance Section (Cont.)

Function

Control or Indicator Reference Designator
INTERLEAVE Switch S11

SELECT

PARITY ERROR Switch S10

MODE

SENSE Switches S6-59
CLOCK MODE Switch S5
REGISTER DISPLAY Switch S4

With this switch in NORMAL, interleaving between memory blocks
is in effect. When switch is ot DIAGNOSTIC, memory addresses
are not interleaved between memory blocks

Controls action of CPU when a memory error occurs. If switch is

at CONT (continue) when parity error occurs, appropriate MEMORY
FAULT indicator lights, and an interrupt signal is transmitted to
memory parity interrupt level. If switch is at HALT when a parity
error occurs, appropriate MEMORY FAULT indicator lights, and CPU
halts operation. Memory block in which error has occurred will not
be available until its MEMORY FAULT indicator is reset

Switches are used under program control to set condition code portion
of program status doubleword. When write direct instruction is exe-
cuted in internai controi mode, condition code is set according to
state of the four SENSE switches, which are always operative.
Normally, SENSE switches are used in this manner during diagnostic
or other test routines

Controls internal CPU clock. When switch is at CONT (continuous),
clock operates at normal speed. When switch is in inactive (center)
position, however, CPU clock pulses are inhibited. Under these
circumstances a single clock will be generated each time CLOCK
MODE switch is moved to SINGLE STEP position. As clock is stepped
manually in this manner, PHASE indicators reflect CPU phase during
each pulse of the clock

When switch is at ON, contents of register selected by REGISTER
SELECT switch will be displayed in DISPLAY indicators. Switch is
active only when CLOCK MODE switch is in center position

Memory protection, if included, is inhibited in this PCP
operation. To store data into a private memory register
block other than the one currently displayed by the
POINTER field of PSW2, the contents of the POINTER field
must be changed to point to the desired register block.

This operation is described in the next paragraph.

Storing data into the memory location pointed to by the
instruction address register (current address in the P-

register) can also be accomplished by performing steps a,
¢, and d, and substituting step f1, following, for step f.

f1.  Set the STORE switch to the INSTR ADDR posi-
tion momentarily and release. The data will be stored in
the memory location addressed by the instruction address
indicators (current address in the P-register).

2-8 Clearing the Program Status Words

The contents of PSW1 may be reset to zeros by moving the
CLEAR PSW1 switch to the momentary PSWI position. The
contents of PSW2 may be reset to zeros by moving the CLEAR
PSW2 switch to the momentary PSW2 position.

2-9 Altering the Current Program Status Doubleword

Changing any of the data in the current PSD requires that
PSW1 and PSW2 be treated separately. Changing any field
of the PSD is accomplished by the following steps:

a. Set the COMPUTE switch to idle.

b. Enter the desired information into the 32 DATA
switches only in those bit positions of PSW1 or PSW2 to be
changed. In those bit positions in the fields where no
change is to be made, the corresponding DATA switches
must be in the center (no change) position. If any bit posi-
tions are to be changed from ONES to ZEROS, the PSW1
or PSW2 must be cleared with the CLEAR PSW1 or PSW2
switch.

c. Set the INSERT switch to PSW1 if the change is
to be made in that portion of the PSD, or to PSW2 if the
change is to be made in that portion of the PSD.

d. Release the INSERT switch. The new information
will be entered into the program status doubleword.

2-9



Paragraphs 2-10 to 2-14

2-10 Branching From the PCP

To cause the CPU to branch to any instruction in memory,
regardless of what instruction is currently being executed,
the following steps should be carried out:

a. Set the COMPUTE switch to IDLE.

b. Enter the address of the instruction to which it is
desired to branch in the 17 least significant bits of the
INSTRUCTION ADDRESS field of PSW1. (See paragraph
2-9.)

c. Move the DISPLAY switch momentarily to INSTR
ADDR,

d. The instruction has been read from memory and
will be the next instruction performed by the CPU.

e. Set the COMPUTE switch to either RUN or STEP.

2-11 Stepping Through a Program

It is often necessary when debugging programs or when
maintaining the equipment to sequence slowly through the
program one instruction at a time, observing the results of
each instruction after it has been executed. This is accom-
plished by performing the following steps:

a. Set the COMPUTE switch to IDLE, and branch to
that part of the program from where it is desired to step.
See paragraph 2-10.

b. Set the COMPUTE switch to STEP. In the DIS-
PLAY indicators the contents of the next instruction will
be displayed.

c. The results of the instruction just executed can be
seen by displaying the contents of the memory location or
private memory register affected by the instruction. See
paragraph 2-6, steps b, ¢, d, and e.

d. Repeat steps b, c, and d above to continue the
program sequence step by step.

2-12 Single Clocking an Instruction

During maintenance operations it is often necessary to
sequence through individual instructions from one clock
period to the next, observing the results of the CPU
internal registers after each clock pulse. To single clock
instructions in this manner, the following steps are
performed:

a. Branch to the malfunctioning instruction (see
paragraph 2-10), or enter an identical instruction into the
display (see paragraph 2-7),

2-10
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b. Set the CLOCK MODE switch to its center posi-
tion. This inhibits all clock pulses. The COMPUTE switch
may be set to RUN at this point.

c. Set the CLOCK MODE switch to SINGLE STEP.

This causes the instruction to sequence to its next phase.

d. Observe the contents of the affected internal
registers by setting the REGISTER SELECT switch to the
proper register position and by setting the REGISTER DIS-
PLAY switch to ON.

e. After all offected internal registers have been
observed and if no malfunction is seen, repeat steps ¢, d,
and e,

In most single clock operations as just described, the INSTR
ADDR switch can be placed in the HOLD position if it is
desired to repeat the single clock operation through the
instruction more than once.

2-13 Single Instruction Repetition

Single clocking a malfunctioning instruction as described
in paragraph 2-12 may pinpoint the area of the malfunction
without actually allowing the observer to determine what is
causing the faulty condition. In some cases, an error may
consistently occur while the CLOCK MODE switch is in
the CONT (continuous) position, but may never occur when
the switch is in the SINGLE STEP position. This could be
caused by a slow gate or active circuit element. In such
case, the operator should run the single malfunctioning
instruction repeatedly using the oscilloscope to observe all
signals that could be the cause of the error condition.

To run a single instruction repeatedly, the following steps
should be followed:

a. Branch to the malfunctioning instruction. (See
paragroph 2-10.)

b. Set the INSTR ADDR switch to HOLD. This pre-
vents the instruction address field of PSW1 from changing
after each execution of the instruction.

c. Set the COMPUTE switch to RUN, and observe

all pertinent signals on the oscilloscope as the instruction

Certain instructions (those, for example, in which an
operand is changed each time the instruction is executed)
cannot be repeated in this manner without destroying data
meaningful to the observer. The multiply and divide in-
structions are examples of this. For this type of instruction
it may be necessary to enter a small four- or five-word
instruction program loop to establish initial conditions each
time the instruction is observed.

2-14 Loading a Program

After the input device has been loaded with the program
tape or cards and has been properly prepared to read,
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the following steps should be followed to load the program
into memory:

a. Set the COMPUTE switch to IDLE.
b. Press the SYSTEM RESET switch.

c. Set the UNIT ADDRESS switches to the address of
the desired input peripheral device.

d. Press the LOAD switch.

e. Set the COMPUTE switch to RUN, The CPU willi
now read the program from the input device and store it in
memory.

2-15 PROGRAMMING

The following discussion of programming is intended to
clarify some of the functions and requirements of ithe Sigma
5 computer. It includes data and instruction formats,
addressing requirements, modes of operation, and the
instruction repertoire in tabular form. For more detailed
operation of individual instructions, see the Sigma 5
Reference Manual (SDS 900959), or refer to section Il of
this manual.

2-16 WORD FORMATS

2-17 Data Word Formats

Data words consist of 32 binary digits or bits. The CPU is
capable of addressing words, doublewords, halfwords, or
bytes (quarterwords) for many of its operations.

Word. A single word contains 32 bits numbered 0 through
31, from the most significant bit to the least significant

bit.

0‘ 1 ! 2 |3 ! 4 ! 5 ! 6' 7 ! 8 ! 9 llOl Illl2l13'Id‘lsl!élI7'18'19120]2lI22'23'24'25'26‘27'28'29]30131

901060A. 201

If the binary configuration of ones and zeros in the 32 bit
positions of a word represent a numeric value, the binary
content of bit 0 is the sign of the value, and the binary
configuration in bits 1 through 31 represents the magnitude
of the value. Negative numbers in the computer are always
held in two's complement form. If the sign bit is a zero,
the magnitude of the number is positive; if the sign bit is a
one, the magnitude of the number is negative and is repre-
sented as the two's complement of its positive form. For
example, the decimal number +29 would appear in its
hexadecimal form in a word as 0000001D, and the decimal
number -29 would appear in its hexadecimal form in a word
as FFFFFFES.
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Doubleword. A doubleword in the computer consists of two
consecutive 32-bit words, and contains 64 bits numbered 0
through 63.

S

0 ' 11 2 IJ ! 4 ! 5 ! 6, 7 '8 ! 9 ' IO' n'lz'u' Mllsllé' 17'ISIW'20'21'22'23'24'25'76]27‘28 INIJO]JI

32'33r;‘35'36'37‘38il9 4041 ‘47‘43"4‘45"6TA7T48‘49'50‘51 ,52‘53|54155'56'57'58'59'60'6' lé?'é.'!
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In doublewords which represent a numeric value, bit O rep-
resents the sign of the magnitude, and bits 1 through 63
represent the magnitude of the value. A doubleword always
consists of two consecutive single words whose addresses
are nand n + 1, where n is an even-numbered address.

Halfword. Sigma 5 is capable of addressing halfwords.

Two halfwords are contained in one single word where half-
word HWO consists of bits 0 through 15, and halfword HW1
consists of bits 16 through 31.

~t—— HALFWORD 0 ———=t-t———HALFWORD | ——»}

S S

01723 ! 4 ! 5' 6' 7'8' 9 llO' l|'lle3 14 15'16‘ I7l|8Il9l20'2!'22'23‘24'25'20‘27'28’29'30";!
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Each halfword is treated by the CPU as though it contains a
signed value. Bit O of halfword HWO is the sign of the
magnitude contained in bits 1 through 15; bit 16 of half-
word HWI1 is the sign of the magnitude contained in bits 17
through 31. During halfword operations the integrity of
the number contained within the addressed halfword is
maintained by extending the sign of the halfword magnitude
16 bit positions to the left. For example, if a halfword is
loaded into one of the private memory registers, it will
consist of 32 bits with its sign bit extended from bit 16 of
the register to bit 0. Halfwerds used in all arithmetic
operations have their signs extended in the CPU internal
registers in this same manner.

Byte. Four bytes of eight bits each can be contained in
onesingle word where byte 0 consists of bits 0 through 7,
byte 1 consists of bits 8 through 15, byte 2 consists of bits
16 through 23, and byte 3 consists of bits 24 through 31.

=—BYTE 0——!-—BYTE l+— BYTE 2+~BYTE3 ]

T T T, T T.T T
Tl TsTeTaTeTo o nhizhiaalisheliTiaho st 22 23 24 25V 26 2728 29130 a1

Olll2

901060A. 204
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Bytes are addressable singly. Bytes normally contain ab-
solute magnitudes in binary-coded decimal (BCD) form,
extended binary-coded decimal interchange code (EBCDIC)
characters, or similar types of data.

Floating Point Formats. The computer provides two formats
for representing floating point numbers: a short format of
32 bits, ond for extra precision, a longer format of 64 bits.
The short floating point format consists of a 24-bit frac-
tional magnitude, a 1-bit sign that establishes whether the
fraction is positive or negative, and a 7-bit biased expon-
ent. The short format for floating point numbers is shown
below.

| EXPONENT FRACTION

1 ';' 3 ! 4 ! SﬁéT 78 ! 9 "OI ll'!)ln‘NllSllbl 17'18]19I20|21|22'23‘24l25l26T27178IN'JO'J‘
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The iong floating point format is similar to the short format
except that the fraction field is increased from 24 to 56
bits.

1+

EXPONENT FRACTION

1 ! 2 ! 3 '4 ! 51 él 7°8 ! 9 IIOIllI12‘13'N')SIIéll7l18ll9l20|2|l22'23‘24‘25'26'27'28l??']ol31

=)

EXTRA FRACTIONAL PRECISION

32' 33‘34' JS'%'J?'JBI 39"0 '4] ! AZIAJ l44'45 '46“7'48“9'50'51 liZTSJ r5l155 '56 '57'58]59160'61 '62 '03
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Each incremental value of the exponent multiplies the
binary value of the fraction by a power of 16; thus,
floating point numbers are hexadecimally oriented, For
example:

0[t000101/110000000000000000000000

1 ! 2 L 3 ' 4 ! 5 ! 6' 7 ?9'10' ni2 13114 15 Ié‘l7 8 l9lm[2ll22|2312"75'26'27'28'29%;‘31
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o

In this illustration the magnitude of the floating point num-
ber is the magnitude of the fraction (3/4) multiplied by
169, or 0.75 x 64,536 = 46, 402.

The floating point fraction is determined by the placement
of its binary point, which is fixed ot the left of the fraction
between bit positions 7 and 8.

The fractional values of any floating point number, n, can
be either positive or negative and its exponent can be
either positive or negative. Thus, the four different com-
binations can be grouped in the following manner: +(16%)
n; #(16 ™) n; =(16%) n; and -(16"%) n. Since the

most significant bit of the exponent is the complement of
its state, the exponent is always biased by a value

2-12

of 64. For positive fractional values the positive exponents
are not two's complemented; for positive fractional values the
negative exponents are two's complemented. The following
two positive fractions, one with a positive exponent of 164
and the other with a negative exponent of 164, illustrate
this rule.

+(16%n = 01000100. .. fractionn. . .
+(16%n=00111100. .. fractionn. .

For negative fractional values, positive and negative expo-
nents are the one's complements of the corresponding expo-
nents of the positive fractional values.

-(164) 10111011... fractionn. . .
-(16_4) 11000011, .. fractionn. . .

1]

A simple method of determining the actual value of any
floating point number, whether an integer, a fraction, or
a mixed number, is to move the fixed binary point to the
right or to the left the number of bit positions equal to four
times the value in the exponent field. For example, to
determine the value of the following floating point number,
move the fixed point from its position between bit positions
7 and 8 to the right a number of bit positions determined by
multiplying the exponent value by 4.

01000011000010011000011000000000

* L
| MOVE 128115 TO |k
L__RIGHT __
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The value of this mixed number (integer and fraction) is the
decimal equivalent 152. 375, This method of determining
the actual value of a floating point number may be simpler
than the method of determining the fractional value and
then multiplying this value by the third power of 16; for
example, 1219/32, 768 x 4096 = 152, 375.

The following examples of floating point numbers are shown
in hexadecimal notation with their corresponding decimal
values.

Hexadecimai Decimal
435F5000 +1525
425F5000 +95. 625
415F5000 +5.95703125
4105F500 +0. 372314453
405F5000 +0. 372314453
BDAOBOCO -1525
BEAOBOOO -95. 625
BFAOBOOO -5.95703125
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A normalized floating point number is one in which the
fractional value is equal to or greater than 1/16. For
example, the floating point number X'43100000" is nor-
malized, but the floating point number X'4401000' is not,
although both numbers are equat.

2-18 Instruction Formats

Instructions in the CPU fall into two general classes: those
that require a reference address field and those that con-
tain an operand within the instruction word.

Reference Address Instructions. The normal reference
address instruction has the following format:

I|OPERATION

Al cobe R X REFERENCE ADDRESS

o 1T ol TS T e o Tl haliahidlishiahs iehie Va0l 22123 24 25 26127 28 V2o 30l an
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The basic operation code of the instruction is contained in
bits 1 through 7 of the instruction word.

The R-field, bits 8 through 11, addresses one of 16 private
memory registers (RO through RF). The reference address
field, bits 15 through 31, represents the address of a loca-
tion in memory from which the operand is to be taken or
into which data is to be stored.

The X-field, bits 12 through 14, addresses one of seven
private memory registers (R1 through R7), which indexes the
address contained in the reference address field. If the

X -field contains all zeros, the instruction is not indexed;
if the X-field does not contain all zeros, then the address
contained within the reference address field will be modi-
fied by the addition of the contents of the register specified
in the X-field.

Bit O of the instruction (IA) is an indirect addressing bit. If
this bit is a zero, the reference address is the address of the
operand. If bit 0 is a one, the reference address is the
virtual address of a word in memory which, in turn, con-
tains the virtual address of the operand. Indirect addressing
is limited to a single level.

Operation codes are described by two hexadecimal charac~
ters and include bits 0 through 7. The most significant of
the two hexadecimal digits of @ normally addressed instruc-
tion will always be a number less than X'8'. Any operation
code with its most significant hexadecimal digit 8 or greater
means that the instruction is indirectly addressed. For
example, a normal add word instruction has the normal
operation code X'30'. If the add word instruction is in-
directly addressed, the operation code would be X'B0".

Some instructions with reference address fields do not

address memory. In these instructions the contents of the
reference address field contain types of information other
than memory addresses — usually control or conditional
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information relating to the operation of the instruction.
Instructions that fall into this category are shifts, input-
output, read direct, and write direct.

Immediate Operand Instructions. The format for immediate
operand instructions follows.

OPERATION

CODt

1 ! 2 1 3 ' 4 ! 5 ! 6 ! 78 | 9 '10' n 12'13'14‘15')6' l7lISIW'20'21|22l23'24l25l2él21'25l29'30’31

[=]

R OPERAND

<
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The operation code of an immediate operand instruction
specifies that the operand is contained within the instruc-
tion itself, that no access to memory is necessary, and that
indexing is not possible. Immediate operand instructions
cannot be indirectiy addressed. If bit 0 of any immediate
operand instruction contains a one, the instruction is
aborted, and the CPU traps to location X'40'.

In an immediate operand instruction the contents of the
R-field specify one of the private memory registers in the
CPU. The number contained within the operand field is
made up of a sign (bit 12) and a magnitude (bits 13 through
31). During the execution of an immediate operand in-
struction, the integrity of the value in the operand field is
maintained by extending the sign bit 12 places to the left.
Thus, the 20-bit immediate operand in bits 12 through 31
may be X'FFF2E' (-210 decimal), but in the course of
executing the instruction the value becomes X'FFFFFF2E'
(-210 decimal).

Throughout the following paragraphs, several examples of
instructions are given. The instructions in these examples
use the format indicated in example 1 which, in this case,
is an indexed load word (LW) instruction.

Example 1. Instruction Format for Instruction Examples

I/A Opcode R X=3

Reference Address
—m A

0 011 0010 1011 Oif 0 0000 0000 1010 0011

I —— —

0o - Lw - B- 3 - A3

— e v e e e e N
3 2 B 6 0 0 A 3

In all examples wherever the instruction format is shown,
its hexadecimal equivalent will also be indicated; for
example:

Instruction 0-LW-B-3-A3 X'32B600A3'

Leading hexadecimal zeros of the reference address are
omitted.
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2-19 MEMORY ADDRESSING

Reference address instructions that require access to memory
contain an address location in the reference address field.
This reference address is subject to modification by indirect
addressing or by indexing, and is referred to as the virtual
address.

2-20 Reference Address

The address contained in the reference address field is the
reference address. A reference address may or may not be
the address of the memory location from which the operand
is finally taken since this address is subject to change. I[f
the reference address is not modified in any way during the
execution of the instruction, the reference address is also
the effective address.

2-21 Effective Address

The effective address is the final address seen by memory
and is the address location from which the effective word
(or actual operand) is taken or into which it is stored. A
reference address may undergo one or two transformations
before the address of the effective word is finally defined.

2-22 Indirect Addressing

The address in the reference address field of an indirectly
addressed instruction (bit 0 = 1) does not refer to the loca-
tion of the effective word or actual operand. Rather, it
points to a location in memory where the effective operand

is to be found. The memory access operation of an indirectly
addressed load word (LW) instruction is shown in example 2.

Example 2. Indirect Addressing

1-LW-B-0-103A X'B2BO103A"

Instruction

The instruction addresses the operand indirectly
through the contents of location X'103A",

1034

The address in X'103A"
is the effective address
of the operand.

B42 The effective operand
in X'B42' is X'113",
This number is loaded
into private memory
register B.

The reference address (X'103A') of the instruction is in-
directly addressed (bit O = 1); therefore, the contents of
this location (X'103A') contain the actual address (X'B42")
of the operand or effective word. The operand finally
loaded into register B is X'113',

2-14
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2-23 Indexed Addressing

If the X -field (bits 12 through 14) of an instruction does not
contain all zeros, the instruction is indexed. The contents
of the X ~field determine which index register (R1 through
R7) is to be used in the indexing operation.

When an indexed instruction is executed, the contents of
the register specified by the X-field are added to the
virtual address of the instruction and the resultant sum
becomes the effective address of the operand or storage
location. The following example of an indexed subtract
word instruction illustrates the operation of an indexed
instruction.

Example 3. Indexed Addressing

Instruction 0-SW-C-5-407

RS

RC (before execution)
RC @] (after execution)
407 (contents undefined)
48ED

In this example memory location X'407' is not actually
addressed and its contents are not affected in any way.

The contents of register R5 added to the virtual address of
the instruction result in an effective address of X'48ED"'.
The contents of memory location X'48ED" are subtracted
from the contents of register RC and the difference is stored
in register RC.

X'38CA0407'

2-24 Indirect Indexed Addressing

An instruction may be both indexed and indirectly ad-
dressed. When this is the case, indexing occurs after
indirect addressing takes place rather than before. This is
called post-indexing. The following example of a store
word (STW) instruction that is both indexed and indirectly
addressed shows the addressing relationships. The operand
in this instance is located in register R9. The location into
which the operand is to be stored is the location resulting
from the indirect and indexed addressing.

Example 4. Indirect and Indexed Addressing

1-STW-9-3-5B6
R3
.
586 [00000AAB |
CBE (before execution)
CBE

'B59605B6'

Instruction

(after execution)
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The virtual address X'5B6' in the instruction word is trans-
lated into a second virtual address X'AAB'. The contents

of register R3 are added to this second virtual address and

the sum (CBE) becomes the effective address of the memory
location into which the operand in register R is stored.

2-25 Doubleword Addressing

A doubleword consists of one even-numbered word and the
next consecutive odd-numbered word. This convention
applies to doublewords that exist either in core memory or
in private memory. An attempt to address an odd-even
doubleword combination will result in the CPU forcing an
even-odd doubleword address where the first even numbered
word is the addressed odd word minus one. For example,
the load doubleword instruction 0-LD-2-0-537 will address
the memory doubleword located in addresses X'536* and
X'537', and not X'537' and X'538'.

The doubleword location in the privaie memory registers is
addressed by the R-field of the instruction. To address the
register doubleword, the address in the R-field must be an
even-numbered address. Unlike the doubleword address for
memory, however, an odd address in the R-field addresses
only the odd word of the register doubleword.

The following examples of a load doubleword instruction
(LD) illustrate the effect of the instruction when both even-

and odd-numbered doubleword addresses are used.

Example 5. Even Doubleword Addresses

Instruction 0-LD-A-0-400 (or 0-LD-A-0-401)
REGISTERS MEMORY
RA | =— 400 | i
RB — 401 B
901060A. 213

Where even doubleword addresses are specified, the data
transfer is from memory even word to register even word,
and memory odd word to register odd word.

Example 6. Odd Doubleword Addresses

Instruction 0-1.D-9-0-600
REGISTERS

(or 0-LD-9-0-601)
MEMORY

o[ ] wol ]

/
’

Ro [ ]/' 601 | |

901060A.214
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When an odd-numbered register address is placed in the
R-field, both words of the effective doubleword are loaded
into the same private memory register. As the most signif-
icant word of the doubleword is the last to be ioaded,
private memory register R contains the most significant word
at the end of the instruction.

Using an odd-numbered register address in a doubleword
instruction is a legitimate programming strategem and is

not forbidden.

2-26 Indexed Doubleword Instructions

The least significant binary digit of @ memory doubleword
address in an instruction is always considered by the CPU
to be a zero even though it may actually be a one. Thus,
doubleword address boundaries start with even-numbered
word locations. For example, a doubleword could consist
of word X'406' and X'407', but not of words X'407' and
X'408'. It the programmer were to address a memory
doubleword as X'407', the CPU would address the double-
word contained in memory locations X'406' and X'407'.

When a doubleword address instruction is indexed, the
index register is shifted to the left one bit position before
the addition takes place, and therefore, any number in the
index register is, in effect, twice its normal value when
used for indexing. For example, an instruction addressing
the doubleword X'713' will address words X'712' and
X'713'. If the contents of the index register are equal to 5,
the actual doubleword addressed in memory will be the
doubleword located in X'71C' and X'71D",

00000011100010011 713
00000000000000101 \ 5
000000011100011100_\ 71C

Reference address

Index register

Effective address

forced to
a0

2-27 Halfword Addressing

Two halfwords, HWO0 and HW1, can be placed within one
32-bit register or memory location. Halfword HWO consists
of bits 0 through 15, and halfword HW1 consists of bits 16

. through 31. (See paragraph 2-17.)

A halfword instruction addressing the left-hand halfword
HWO uses the same address as though it were addressing the
full word. The halfword instruction addressing the right-
hand halfword HW1 also uses the full word address, but the
instruction X-field must refer to one of the index registers
in private memory, and this index register must contain a
one in its low order bit. The next two examples show the
operation and addressing scheme for loading halfwords
HWO and HW1 into register RF.
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Example 7. Load Halfword HWO

Instruction 0-LH-F-0-638

X'52F0063B'

REGISTER MEMORY

I ]
Re [ | | Hwo | Hwi |

9010604, 215
Example 8. Load Halfword HWI
Instruction 0-LH-F-5-638B X'52FAQ63B'
REGISTER MEMORY

_I
RE | | e | Hwo [ Hwi |

RS Eooooooﬂ

901060A. 216

In each of the load halfword instructions shown in examples
7 and 8, the sign of the halfword is extended 16 places to
the left before it is loaded into register RF. Thus, if the
contents of instruction HWO in example 7 were X'FFOA’,
register RF would be loaded with X'FFFFFFOA'; if the con-
tents of instruction HW1 in example 8 were X'0004',
register RF would be loaded with X'00000004',

Use of the index register in example 8 to designate that
HW1 was addressed does not imply that the instruction was
an indexed instruction or that the contents of the reference
address was modified in any manner, Neither should it be
inferred that halfword instructions cannot be indexed.
Example 9 shows how the halfword instruction in example 8
could have been indexed.
Example 9. Indexing Halfword Instructions

Instruction 0-LH-F-5-33A X'52FA033A!

REGISTER MEMORY

r
Re | |
Rs {000 00603

63 [ Hwo | Hwi |

901060A. 217
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In halfword instructions that are indexed, the index register
is shifted to the right by one bit position so that bit 30 of
the index register is aligned with bit 31 of the reference
oddress. Bit 31 of the index register does not modify the
actual operand address, but is used by the internal logic

of the CPU to distinguish which halfword is addressed.

The binary addition of index register R5 to the reference
address of the instruction in halfword operations is shown
below.

0 0000 0011 0011 1010
0000 0011 0000 0001 1
0 0000 0110 0011 1011

Reference address

+ Index register

Sum (actual address)

If no indexing is desired when addressing halfword HW1,
the referenced index register must contain a one in bit
position 31 and zeros in bit positions 14 through 30. (See
example 8.)

2-28 Byte Addressing

Four 8-bit bytes can be contained within one 32-bit register
or memory location. Byte O consists of bits O through 7,
byte 1 consists of bits 8 through 15, byte 2 consists of bits
16 through 23, and byte 3 consists of bits 24 through 31.

An instruction that addresses bytes operates in a manner
similar to one addressing halfwords in that no indexing is
required for the left-hand byte, but the index register must
be specified and contain the proper information for the
other bytes. The index register is displaced by two bits
(instead of one as for halfword addressing) for byte opera-
tions affecting bytes 1, 2, and 3. The two least significant
bits of the index register (bits 30 and 31) determine which
of the three right-hand bytes is addressed.

The following four examples show how each of the four
bytes are addressed in a load byte (LB) instruction. In each
of the examples of the LB instructions that follow, the
addressed byte is loaded into bit positions 24 through 31 of
the addressed register, and bits O through 23 are cleared to
zeros.

Example 10. Load Byte 0
0-1B-0-0-4037

X'72004037

Instruction

REGISTER MEMORY

i
-

901060A. 218
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Example 11. Load Byte |
Instruction  0-LB-0-3-4037  X'72064037'
REGISTERS MEMORY

1
o [ ]

RBF)OOOOOOI

wr T T 1]
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Example 12. Load Byte 2
Instruction 0-LB-0-4-4037  X'72084037'
REGISTERS MEMORY

1
R0 | L]

R4[oooooooz

oy | | ] ]

901060A, 220
Exampie 13. Load Byte 3
Instruction  0-LB-A-5-0 X'72A40000'
REGISTERS MEMORY

R4 | L |

Rs[oooooooal

901060A. 221

Core memory is not involved during the execution of the
instruction in example 13 since reference address O refers
to a private memory register rather than to a core address.

None of the operand addresses in the load byte instructions
in examples 11, 12, ond 13 are indexed since all of the

indexed registers contain zeros in bit positions O through 29.

During the execution of these load byte instructions the
index register is shifted right two places in respect to the
reference address. Thus, only bits 13 through 29 can be
added to the virtual address. If these index bits are all
zeros, the virtual address remains unchanged.

Paragraph 2-29

The following example shows how the load byte instruction
may be indexed.

Example 14, Indexing a Byte Address Instruction

0-LB-F-4-100 X'72F80100'

Instruction

REGISTERS MEMORY

1 ]
e 0 T

R4 100 0000156

901060A. 222

The binary addition of the contents of index register R4 to

the virtuai operand address of the instruction is performed

in the following manner:

00000000100000000
00000000000010110

Sum (actual address) 00000000100000101

Virtual address

+ Index register

The two least significant bits of the index register are used
to designate which byte (byte 2 in this instance) is to be
loaded. These bits are not added to the virtual address.
Bits 13 and 14 of the index register are added to bits 15
and 16 of the virtual address,

2-29 BASIC INSTRUCTIONS

Table 2-3 lists all the basic operation codes, including
those instructions that are optional or privileged, For
detailed operation of each instruction see Sigma 5 Refer-
ence Manual (SDS 900959), or refer to the operation code
descriptions in section III of this technical manual.

Table 2-3. Basic Instructions

Mnemonic Code | Instruction Name

Load -Store

LI 22 Load Immediate

LB 72 Load Byte

LH 52 Load Halfword

LW 32 Load Word

LD 12 Load Doubleword

LCH 5A | Load Complement
Halfword

LAH 5B Load Absolute
Halfword

(Continued)
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Table 2-3. Basic Instructions (Cont.) Table 2-3. Basic Instructions (Cont. )
Mnemonic Code | Instruction Name Mnemonic Code | Instruction Name
Load -Store (Cont. ) Fixed Point Arithmetic
LCW 3A | Load Complement Al 20 | Add Immediate
Word AH 50 | Add Halfword
LAW 3B | Load Absolute Word AW 30 | Add Word
LCD 1A | Load Complement AD 10 | Add Doubleword
Doubleword SH 58 | Subtract Halfword
LAD 1B | Load Absolute SW 38 | Subtract Word
Doubleword SD 18 | Subtract Double-
LS 4A | Load Selective word
LM 2A | Load Multiple MI 23 | Multiply Immediate
LCFI 02 | Load Conditions and MH 57 | Multiply Halfword
Floating Control Mw 37 | Multiply Word
Immediate DH 56 | Divide Halfword
LCF 70 | Load Conditions and Dw 36 | Divide Word
Floating Control AWM 66 | Add Word to
XW 46 | Exchange Word Memory
STB 75 | Store Byte MTB 73 | Modify and Test
STH 55 | Store Halfword Byte
STW 35 | Store Word MTH 53 | Modify and Test
STD 15 { Store Doubleword Halfword
STS 47 | Store Selective MTW 33 | Modify and Test
STM 2B | Store Multiple Word
STCF 74 | Store Conditions and
Floating Control
Comparison
Analyze-Interpret Cl 21 | Compare Immediate
ANLZ 44 | Analyze CB 71 | Compare Byte
INT 6B | Interpret CH 51 | Compare Halfword
Cw 31 | Compare Word
Logical CD 11 | Compare Double-
word
EOORR iz ?R W?rd CS 45 | Compare Selective
xclusive OR Word CLR 39 | ¢ With
AND 48 | AND Word orpare
Limits in Register
Floating Point Arithmetic CLM 19 E.onjpcl:e \;;,\”h
(Optional Instructions) imits in Memory
FAS 3D | Floating Add Short
FAL 1D | Floating Add Long Shift
FSS 3C glciciting Subtract S 25 | Shift
FSL 1C | Floating Subtract >F 24 | Shift Floating
Long
FMS 3F gloaﬁng Multiply Push-Down
hort —_—
FML 1F | Floating Multiply PSW 09 | Push Word
Long PLW 60 | Pull Word
FDS 3E | Floating Divide PSM OB | Push Multiple
Short PLM 0A | Pull Multiple
FDL 1E | Floating Divide Msp 13 | Modify Stack
Long Pointer

(Continued)

(Continued)
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Table 2-3. Basic Instructions (Cont.)

Table 2-3. Basic Instructions (Cont. )
Mnemonic Code | Instruction Name

Execute-Branch

EXU 67 Execute

BCS 69 Branch on
Conditions Set

BCR 68 | Branch on
Conditions Reset

BIR 65 Branch on Incre-
menting Register

BDR 64 | Branch on Decre-
menting Register

BAL 6A | Branch and Link

Caii

CALl 04 | Calll

CAL2 05 | Call 2

CAL3 06 | Call 3

CAL4 07 | Call 4

Mnemonic

Code

Instruction Name

(Continued)

Control

(Privileged Instructions)

LPSD
XPSD
LRP
MMC
WAIT
RD
wD

Input-Output

(Privileged Instructions)

SIO
HIO
TIO
DV
AIO

OE

OF

2F

6F

2E
6C
6D

4C
4F
4D
4E
6t

Load Program Status
Doubleword
Exchange Program
Status Doubleword
Load Register
Pointer

Move to Memory
Control

Wait

Read Direct

Write Direct

Start Input-Cutput
Halt Input-Output
Test Input-Qutput
Test Device
Acknowledge
Input-Output

2-19/2-20
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Paragraphs 3-1 to 3-4

SECTION IiI
PRINCIPLES OF OPERATION

3-1 INTRODUCTION

This section provides general and detailed principles of
operation of the Sigma § computer. The general principles
are presented on a block diagram level and stress the over-
all functions of the equipment. The detailed principles are
presented on a logic and circuit diagram level and empha-
size the operation of logical functions within the major
elements of the equipment.

3-2 GENERAL PRINCIPLES OF OPERATION

The Sigma 5 is organized around one or more central
processor units (CPU), magnetic core memories, input-
output processors (IOP), device controllers, and peripheral
devices. One of each major element is shown in figure 3-1.
These elements operate asynchronously in relation to each
other. The IOP shown in the figure may be a multiplexing
type or a selector type. A multiplexing IOP allows up to
32 devices to operate simultaneously. A selector IOP
allows only one device to operate at a time, but at a high
transfer rate. The CPU may also be equipped internalty
with an integral IOP which allows the CPU to perform
input-output operations with no external IOP. In that
case, some CPU registers and control circuits are combined
with IOP registers to perform input-output operations. The
peripheral device in figure 3-1 is shown with a dashed
block to indicate that it is not strictly a part of the basic
computer, but nevertheless is a major element, its use being

implied by the device controller.

3-3 CENTRAL PROCESSOR UNIT

The CPU sequences and controls program execution. In
executing operations, the CPU performs arithmetic and
logic functions, addresses private memory and core memory,
fetches and stores instructions and data, controls informa-
tion transfer between core memory and other elements
connected to the CPU, and performs other subfunctions.

The CPU also controls internal and external interrupts and
provides manual program control through the processor
control panel (PCP). A functional block diagram of the

CPU is shown in figure 3-2.

3-4 Arithmetic, Control, and Address Functions

Arithmetic, control, and address functions are performed
by the adder, sum bus, CPU registers, and associated
control logic (see figure 3-3). In general, registers A

and D combined with the adder and sum bus perform the
arithmetic operations and other control functions. Register
C is used for CPU input; register O holds the opcodes; and
registers R, Rp, and P are used for addressing. Register B
Ts used for temporary storage of the program address and
as an extended accumulator with the A-register. Registers
IOFR, 10ODA, and IOFM are components of the integral
IOP, and the DIO registers are used for read direct and

used for iteration counting.

TO EXTERNAL €—1 PROCESSOR |«

C T NP T ol T LA NNEL e 1

INPUT-OUTPUT CHANNELS

INPUT-OUTPUT|

DEVICE

CORE |
MEMORY [ * | '
/Y |
- —
Y
DIRECT LINES CENTRAL

|
|
CONTROLLER | |
|

EQUIPMENT UNIT

PROCESSOR
]
e - -
r——="
PERIPHERAL |
DEVICE
- 1
901172A, 30

Figure 3-1. Sigma 5 Major Elements
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Figure 3-2. Central Processing Unit, Functional Block Diagram

Instructions or data from core memory enter the CPU through
the C-register. From the C-register, operation codes are
transferred to the O-register, private memory addresses are
transferred to the R-register, and the entire word, including
reference and index addresses, is transferred to the D-
register. Operation codes in the O-register are decoded
and activate the signal families peculiar to the operation.
Instructions and data from private memory and from 1/0O fast
memory enter the CPU through the C-register or the A-
register. The A-register is used during many operations,
examples of which include arithmetic functions, left and
right shifts,and indexing.

PRIVATE MEMORY ADDRESSING. The address in the R-
register is placed on the private memory address lines to
address private memory. If private memory is extended to

3-2

more than one block (page) of 16 registers by a private
memory extension unit, the block in which the addressed
register is located (current register block) is specified by
the contents of the Rp-register. This register is part of the
program status doubleword and is loaded by program control.,
Registers 1 through 7 of the current register block in private
memory may be used as index registers, The index registers
are addressed by the X field in the instruction at the time
the instruction is in the D-register.

Private memory may also be addressed by the P-register. If
an instruction produces an effective address in the range of
‘X'0 through 'X'F, the four low order bits of the reference
address are used to address the register in the current
register block of private memory which corresponds to the
address. The private memory register may be used as the
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source of an operand, the location of a direct address, or
the destination of a result, In this case core memory is not
affected.

CORE MEMORY ADDRESSING, Core memory is addressed
by the effective address in the P-register, The effective
address is the final address produced for an instruction.
With direct addressing the reference address of the instruc-
tion is the effective address. With indirect addressing,
the initial reference address in the instruction corresponds
to a location in core memory or private memory which
contains an address value. This address value is accessed
and transferred to the P-register where it becomes the
effective address. When this occurs, the initial reference
address is not lost but is temporarily stored in the B-
register to be later updated and used in addressing the next
instruction in the program sequence.

When an instruction specifies indexing with direct address-
ing, the effective address is produced by adding the con-
tents of the index register to the reference address in the
instruction, This function is performed by the adder, the
A-register (containing the index value), and the D-register
(containing the reference address). Index alignment is
performed for byte, halfword, word, doubleword, and

shift operations, and is a function which varies the effec-
tive length of the P-register to change the effective
address displacement value. Index alignment is described
in the Sigma 5 Reference Manual under Address Modifica-
tion.

An instruction may specify both indexing and indirect
addressing, In this case, the effective address is produced
by adding the contents of the index register to the contents
of the memory location corresponding to the initial refer-

Ancn mddrace Tndavina Arriire ~ftar tha tndirac~t lAacr~tiAn
CTIHILEG UMMICo9, lll\-ﬂ-l\llls VLW UId WIIST 1T MLl iveuiniwving

is accessed. Therefore, the initial reference address is
not modified.

3-5 CPU Timing

Basic CPU timing for instruction execution is controlled by
" ac clock pulses having variable time intervals. The clock
pulses are generated by the CPU clock generator. Phase
control flip-flops toggled by the variable clock pulses
determine the phase of the instruction being performed.
Only one phase control flip-flop is set at any time. There
are four preparation phases (PRE1 through PRE4) and ten
execution phases (PH1 through PH10), In the preparation
phases the functions common to most instructions are per-
formed. In the execution phases the functions to complete
the instruction are performed. In general, phases progress
in numerical sequence, but a phase can be repeated or
skipped depending on the instruction requirements. Most
instructions require only a few phases. All instructions

require at least two preparation phases (PRE1, and PRE3
or PRE4) and two execution phases (PH1 and PH10).

Paragraph 3-5

In a typical instruction, conditions are set during phase
PH10 of the present instruction to read the next instruction
into the C-register, and from there to transfer the instruc-

to the O- and R-registers, respectively, and to update the
program address in the P-register. These functions are
executed at the trailing edge of the next clock when phase
PH10 ends and PRE1 begins, The phase which follows PRE1
may be any one of the other preparation phases depending
on the instruction format, Typically, during preparation
phase PRE1 the operation code is decoded and conditions
are set to transfer the reference address from the D-register
to the P-register. Phase PRE2 is used to compute the effec-
tive address and may require two clock times. Phase PRE3
is used to fetch the operand from core memory or private
memory, and PRE4 is used for halfword or byte alignment
and sign extension, PRE4 may require four clock times. At
the end of the last preparation phase (PRE3 or PRE4) on the
trailing edge of the clock, execution phase PH1 begins.
When the inctruction ic nearly comnlatad the nhace canuance

he instruction is nearly completed the phase sequence
branches to PH10 to accomplish the final operations of the
instruction and the normal end functions common to most
instructions. The conditions are set to read the next instruc-
tion into the C-register, The process is then repeated for
that instruction,

For operations other than those involved in preparation and
execution of instructions, the CPU also has six phase con-
trol flip-flops (PCP1 through PCP6) for operating in the
processor control panel mode, two flip-flops (INTRAP1

and 2) for interrupt trap mode, and four flip=flops (IOPH1
through IOPH4) for the input-output mode. The IOPH
flip-flops operate in conjunction with sixteen general-
purpose switch phase flip-flops (SWO through SW15).
Phases PCP, INTRAP, and IOPH operate in their respective
modes in a way similar to the PRE and PH phases.

CPU CLOCK GENERATOR, Three tapped delay lines
make up the CPU clock generator (see figure 3-4),

The generator produces ac clocks for triggering ac flip-
flops in the CPU and the floating-point option, ac clocks
for triggering private memory, and dc clocks to trigger
the C-register buffer flip-flops. A clock pulse is initiated
each time delay line 1 is enabled. The pulse is tapped
off at fixed intervals to form the required clock pulses.
One of the tapped pulses is applied to the ac clock gates
which generate an ac clock unless inhibited by a disabling
function, The disable function shown in the simplified
block diagram can be either a high disabling signal or

the lack of a high enabling signal, In general, the ac
clock gates provide a means of inhibiting a clock pulse
until a certain time. An example is when a memory re~
quest has been generated but the data has not been released
from core memory. Until the data is released, all clocks
are inhibited. When data is released from memory, a

data release function again enables the clock.
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Figure 3-4. CPU Clock Generator, Simplified Block Diagram
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Clock pulses CL and CK are outputs of the AC clock drivers.

These clocks are 40 nsec and 50 nsec pulses. respectively,
and recur at variable time intervals. The time intervals,
designated T5, T8, and T11, are established by enabling or
disabling delay line sensors associated with delay line 2,
Nominal intervals for T5, T8, and T11 are 280, 380, and
500 nsec, respectively. Another variable interval occurs
with the clock that initiates delay line 2. This clock is
selected from either the 180 nsec or the 210 nsec tap of
delay line 1. The tap selecied depends on the status of the
data request flip-flop. The 180 nsec tap is selected if the
flip-flop is reset and the 210 nsec tap is selected with the
flip-flop set.

If not inhibited by the clock enable/disable logic, delay
line 1 is reinitiated by clock ACCLG (AC Clock Gate) from
delay line 3 each time the clock reaches that point in the
cycle. One of the conditions which inhibits an ac clock to
the CPU is crossover. Crossover exists when private memory
is addressed by the P-register, that is, when the effective
address is in the range ot 'X'0 through 'X'F. When this
occurs, the private memory clock is generated as usual but
the CPU ac clock is inhibited. The other functions which
affect the clock enable/disable logic shown in figure 3-4
are described in the detailed principles of operation. Also
shown in figure 3-4 is the address-not-here clock (ADNH)
taken from delay line 3. This clock ensures that delay line
1 is enabled again in case a nonexistent location is ad-
dressed in core memory. If such a location is addressed, the
memory request inhibits delay line 1 and the lack of a data
release keeps the delay line inhibited. In that case, the
address-not-here clock enables delay line 1 and sets the
trap condition.

OSCILLATOR CLOCK GENERATOR. The oscillator clock
generator consists of a 2-MHz sine wave osciiiator followed
by a frequency divider with seven flip-flops (see figure 3-5).
Clocks of ! MHz and 16 kHz are taken from the frequency
divider. The 1 MHz clock steps the waichdog timer; is sup-
plied to the input-output processors where it is routed to the
device controllers, is fed to the CLOCK MODE switch on
the PCP for single step operations; and is the source for the
interrupt gate clocks which trigger the interrupt control
flip-flops. The 16-kHz clock from the frequency divider
supplies the time base selector which produces clock pulses
for the real-time counter interrupts.

WATCHDOG TIMER. The watchdog timer ensures that the
program periodically reaches interruptible points during in-
struction execution. The timer is a 6-bit counter triggered
by the 1-MHz clock from the oscillator clock generator (see
figure 3-5). The counter starts at the end of every instruc-
tion and at interruptible points in long instructions. The
watchdog timer initiates the trap circuits if the count
reaches 42 ms before another interruptible point or the end
of an instruction occurs in the program sequence.

REAL-TIME CLOCK. The real-time clock, of which there
are two standard levels and two opticonal levels, consists of
a fixed interrupt routine preset to trigger at a frequency
determined by the time base selector. Frequencies of 8
kHz, 4kHz, 2kHz, and 500 Hz are available from the time

Paragraph 3-6

base selector. External frequencies and a 60-Hz line fre-
quency may also be connected to control a real-time clock.
In a typical application, when a real-time clock interrupt
level is triggered, a fixed location in memory is accessed
and the value contained in the location is decremented and
restored to the fixed location. When the value becomes
zero, the corresponding counter-equals-zero interrupt level
is triggered. The counter-equals-zero interrupt level is
associated with another interrupt routine at the discretion
of the programmer.

3-6 Interrupt/Trap Functions

Interrupts and traps cause the normal program sequence to
be interrupted. In general, interrupts allow the current
instruction to be completed before entering the interrupt
sequence and provide for returning to the interrupted point
in the program to resume normal program operation after the
interrupt is cleared. Traps cause the immediate execution
of an instruction in a unique location in memory without
necessarily allowing the current instruction to be completed.
Traps are usually caused by program errors. A summary of
the interrupts and traps is described in the SDS Sigma 5
Computer Reference Manual under Interrupt System and
Trap System, respectively.

2-MHZ
OSCILLATOR

\
FREQUENCY DIVIDER
FLIP-FLOPS
1 MHZ TO 16 KHZ

1 MHZ 16 KHZ

TIME BASE
SELECTOR

\
TO WATCHDOG TIMER, 8 KHZ TO

PROCESSOR CONTROL PANEL, | 500 HZ
INPUT-OUTPUT PROCESSORS,
AND INTERRUPT GATE CLOCKS

v
TO REAL-TIME
CLOCK INTERRUPTS

901172A, 41

Figure 3-5. Oscillator Clock Generator, Simplified
Block Diagram
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INTERRUPTS. Each interrupt has an assigned priority
determined by its position in a priority chain., In general,
external interrupts have lower priority than internal levels,
A level may be in one of six states depending on the con-
dition of three control flip-fiops assigned to each level.
These states include armed, enabled, disarmed, disabled,
waiting or active. When a level advances to the active
state, the program branches to a memory address assigned
to the interrupt and the instruction in that address is
executed, The interrupt location may contain a single
instruction (as in the real-time clocks) or the instruction
may take the program to an interrupt subroutine. Interrupt
operations are controlled by phase flip~flops INTRAPT and
INTRAP2. The phase flip-flops are clocked by the CPU ac
clocks.

TRAPS. A trap is indicated by such conditions as non-
existent instructions, addressing a nonexistent memory
location, watchdog timer runout, or an instruction calling
for operation of an option when the option is not included
in the equipment. As in the interrupts, each trap is asso-
ciated with an instruction stored in a location assigned to
the trap. When a trap condition is detected, the trap state
is set, causing phases INTRAP1 and INTRAP2 to be entered.
The current instruction may or may not be carried to com-
pletion, but in either case the instruction is terminated by
the trap sequence. During the trap sequence, the instruc-
tion address of the current program status doubleword
(which had already been incremented) is decremented and
the instruction in the location associated with the trap is
executed, The instruction in the trap location is an
exchange proaram status doubleword (XPSD).

POWER FAIL-SAFE. The power fail~safe option includes
a power monitor and two levels of interrupts. The power-
on level (00) and the power-off level (01) have the highest
priority in the interrupt chain. They are always armed and
enabled while power is operating in the normal range. If
the power monitor detects a power loss below a preset
threshold, the monitor generates a power-off request signal
which activates the power-off interrupt. The interrupt
waits until the current instruction is completed, If the
power-off request occurs during a service call and the
service call had interrupted an instruction, then both the
service call and the interrupted instruction are compieted
before the CPU services the power-off routine. The CPU
has approximately 5 milliseconds after the power-off
request goes true to complete the current operations, to
store all the volatile information into core memory, and

to shut down the computer. When power is restored to a
level above the threshold, the CPU is initiated and a
recovery subroutine associated with the power-on interrupt
is executed, The CPU is returned to the state it was in
before power failure.

3-7 Private Memory Organization

The standard private memory (CPU fast memory) in the
Sigma 5 contains one block of 16 general registers. Each

3-8
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register has 32 bits. The term private implies that the
registers may only be accessed by the CPU and by no other
equipment. Optional register extension units may be added
to the standard block to enlarge private memory. Each
register extension unit contains a block of 16 registers. A
total of 16 blocks, including the standard block, may be
contained in a Sigma 5.

Registers in any block are addressed X'0' through X'F'.

The block of registers currently available to a program is
called the current register block. Register 0 in the current
register block is used for special applications by the CPU.
For example, during input-output operations the address of
the first command doubleword in a sequence is obtained
from register X'0', Registers X'1' through X'7' are used in
indexing operations and all the registers in a block may be
used as accumulators (fixed point and floating point) and to
hold control information.

3-8 Processor Control Panel

The PCP displays the states of selected registers in the
central processor and provides switch-conirolled signals
for manual computer operation. The upper section of the
panel is reserved for maintenance personnel, the lower
section for the computer operator,

Most switches on the PCP are inhibited while in the run
mode. When any control switch is operated while in the
idle mode a phase sequence (PCP phases) similar to the CPU
phases is entered. The PCP phases are controlled by six
flip-flops, PCP1 through PCP6. The phases have uniform
length. Placing the COMPUTE switch to IDLE places the
PCP logic in phase PCP2. Placing the COMPUTE switch to
RUN or STEP takes the PCP from the idle phase to PCP3,
from which the CPU branches to PH10 of the current instruc-
tion. The preparation phases follow PH10 to execute the
instruction,

3-9 Floating Point Unit

The floating point optional unit provides the CPU with
floating point arithmetic capability. The unit is controlled
by the floating point clocks generated by the CPU delay
line clock generator. During floating point operations the
unit is loaded from the CPU sum bus and the operation is
performed by the registers and adder in the unit. The
registers are expanded to accommodate both long and short
number formats. After the operation is completed. the num-
ber is returned through the CPU B-register. The internal
functions of the floating point unit are described in the
detailed principles of operation.

3-10 Memory Protection

The memory protection option in the CPU consists of one
2-bit write-lock register for each 512-word block of core
memory and one 2-bit write key. The write key is con-
tained in bits 34 and 35 of the program status doubleword.
The write locks and write keys allow access to core memory
locations to be program controlled. The write lock codes



SDS 901172

are first written into memory as a lock control image, 16
codes to a memory word. The lock control image is trans-
ferred to the write lock registers by a move-to-memory-
control instruction, During memory access, the write lock
codes are compared with the two write key bits in the
program status doubleword to determine if the addressed
block of memory can be accessed, Access control bit con-
figurations are described in section Il of this manual.

3-11 CORE MEMORY

The maximum core memory storage is 128K, comprising
eight memory blocks, each containing 16K. A memory
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block may contain 4K, 8K, 12K, or 16K by adding optional
4K memory expansion kits. A minimum 4K block is standard
with each computer. Each memory block is organized in

stacks, core diode modules, bytes, and bit planes (see fig-
ure 3-6).

A 4K memory is called a stack; it comprises four core diode
modules. Each stack has a capacity of 4096 words of 32 bits
plus a parity bit, One byte in each of the 4096 words is
held in a core diode module, hence, each word embraces all
four modules in the stack. The cores on a module are
arranged in matrices, 32 by 128 cores, called memory bit
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|
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i i
| i 2| ! 3 6 | 7 8l |
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! i | [
L _— _— 4 . _ __1 _ S R |
0-4K 4-8K 12-16K
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Figure 3-6. Core Memory Organization
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planes. Each core in a bit plane corresponds to one bit in
each of the 4096 words in the stack. Modules for bytes 0,
1, and 2 contain eight bit planes. The module for byte 3

contains nine bit planes to include the parity bit.

3-12 Port Expansion

Memory blocks are connected in parallel to the CPU (see
figure 3-7). Each memory block has a standard port desig~
nated as port C.

A port is a section of memory logic that controls entry
priority during memory access. Port C is always connected
to the controlling CPU and is sufficient in systems where
the only input-output processor is an integral IOP in the
CPU. For each external IOP or CPU connected to a mem-
ory block an optional port is added. The first additional
port is port B. It is commonly called a one-to-two port
expander and provides a second access path, The next port
added is port A and is commonly called a two-to-three port
expander. Port A provides a third access path and has the
highest priority. Port C has the jowest priority. For maxi-
mum port expansion on any memory block, a three-to-six
port expander may be added to either port A or port B. The
three-to-six port expander has four additional ports provid-
ing a total of six access paths when connected. The addi-
tional ports are numbered 1 through 4. Port 1 of the
expander has the highest priority and port 4 the lowest.

72

3-13 Three-Wire Core Selection

The Sigma 5 combines the three-dimensional coincident
current core selection method with the two-dimensional
linear core selection method. This combination is commonly
known as the 2-1/2 D system. The 2-1/2 D system has a
coincident current read cycle and a linear select write
cycle, Three wires are threaded through each core: an X
wire {(word wire), a Y wire, and a sense wire. No inhibit
winding is present. '

On each bit plane there are 128 X wires. Each X wire also
threads all other bit planes on a core module. A bit plane
contains 16 Y wires which are separate for each bit plane.
Each Y wire doubles back through a second row of cores to
provide 32 Y wires in all. Typical X and Y wiring for two
cores in each of two bit planes on a memory module is
shown in figure 3-8. A sense wire threads through all of
the cores in one bit plane. Since each Y wire passes through
two rows of cores there are two core intersections for each
combination of X and Y wires. For a given direction, cur-
rents add in the core at one intersection and cancel in the
other. Hence, core selection is determined by current
direction as well as wire location,

To write ones, half current is passed through one word wire;
half current is also passed through the selected Y wire to
affect one core out of 4,096, The two half currents add at

INPUT-OUTPUT
PROCESSOR
OR CPU

A

«——>
PORT A
MEMORY | THREE-WAY

PORT ¢—»"1 ONE TO FOUR

EXPANSION @—® | [NpUT-OUTPUT
FOR 6-WAY [€—® | oooCESSORS

BLOCK ACCESS ACCESS
(4K, 8K, 12K,
OR 16K)
INPUT-OUTPUT
@¢————» PROCESSOR
PORT B OR CPU
CENTRAL PORT CT LVgC?E':‘S’AY
PROCESSING €———
UNIT !
r - _v_ -1
| |
| UPTO7? |
I ADDITIONAL |
MEMORY
: BLOCKS :
L o — —

901172A.33

Figure 3-7. Memory Connecti

ons and Port Expansion
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Figure 3-8. Typical X and Y Core Wiring

{

he intersection and force the coie o the one staie. To
write zeros, the Y current is inhibited on the bit planes
where zero bits are to be writien. This method is similar to
the linear select method in that the digit current is added

to, rather than subtracted from, the word current.

To read, half current is passed through the appropriate X
wire, half current is also passed through the same Y wire on
all bit planes. All cores in the selected location are forced
to zero, and the sense wires detect current from the bit
planes that contained ones in the selected location.

3-14 Memory Input-Output

Data is interchanged between core memory and the CPU or
IOP on a 32-bit bidirectional memory bus. Each memory
block contains control logic, port priority logic, and core
selection logic to control information flow within the block.
Two latch registers are provided: one to hold location ad-
dresses (L-register) and the other to handle data entering
and leaving memory (M-register). Data entering memory is
gated from the CPU sum bus or IOP memory bus onto the
core memory bus and loaded into the M-register. Data
leaving memory is loaded into the M-register from sense
amplifiers and is transmitted on the memory bus to the CPU
C-register or IOP M-register. Addresses enfering a core
memory block may be modified by interleave logic before
loading the L-register to address the cores.

MEMORY TIMING. Two delay lines in each memory block
control timing: one controls the read cycles, the other con-
trols the write cycles. The delay lines provide pulses at 20
nsec intervals. Memory access occurs in three modes: read-
restore, full clear write, and partial clear write. Regardless
of the mode, a read and a write cycle are required for each
memory access. Every read cycle must be followed by a
write cycle to replace the information in the same memory
location. A write operation must be preceded by a read
cycle to clear the location for storage.

In the read-restore mode a memory request signal sends a
pulse down the read delay line. Outputs from the delay line
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taps provide timing signals to energize the X and Y drive
lines, enable the register latches and strobe data into the
M-register. Parity is checked in this mode. In the full
clear write mode, a read cycle is executed to clear the lo-
cation, but the read data is not gated into the M-register
and is lost. During the partial clear write mode. the data
from the read cycle is gated into the M-register and parity
is checked. One, two, or three new bytes are inserted into
the word and new parity is generated before the word is
written into memory.

To execute a write cycle for the read-restore and full clear
write modes, an output from the read delay line starts a
pulse down the write delay line. Qutputs from the write
delay line energize the X and Y drive lines in the opposite
direction from that in the read cycle, and inhibit the Y lines
in bit planes where zeros are to be stored. Zeros are present
in all bit positions of a word following a destructive read
operation and remain in bit positions where writing a one is
inhibited. Odd parity is checked in the fuii ciear write
mode, setting the parity error flip-flop if the M-register
contains an even amount of ones. Timing for the write cycle
in the partial clear write mode is the same as that for the
read-restore and full clear write modes except that ener-
gizing the drive lines is delayed long enough to set byte
indicators and route the information into the addressed byte
locations.

INTERLEAVING. Memory access speed can be increased

by overlapping the second cycle of one access with the
first cycle of the next access. An example of interleave
timing in a read-restore mode is shown in figure 3-9. The
interleave method requires that successive words be stored
in different memory blocks because in addressing the same
memory block successively both the read and write cycles
must be completed before another access is started. As an
example of interleaving, consider two 4K memory blocks
and a program that calls for storing data in sequential mem-
ory locations. The first word is stored in one of the blocks.
the second word is stored in the other block in the same
numbered location as the first, and the third word is again
stored in the first block. In larger memories and different
clock sizes, interleaving becomes more complex, but two
successive words are never stored in the same block. Inter-
leaving is performed by transforming certain bits in the
address before entering the recognition logic of the port.
Four switches on switch modules, and starting-address
switches on the ports, are provided for interleave setup.

3-15 INPUT-OUTPUT CHANNEL

An input-~output channel consists of an input-output proc-
essor (IOP) connected to one or more device controllers,
each controlling one or more peripheral devices. The IOP
controls data exchange between core memory and the device
controllers. This discussion describes the three types of
IOP's which a Sigma 5 system may contain: multiplexing
(MIOP), selector (SIOP), and internal (integral) IOP. De-
vice controllers and devices are not included in this dis-
cussion since their arrangements are unique to each system.

3-11
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Figure 3-9. Example of Interleaving in Read-Restore Mode

Multiplexing and selector IOP's are external to the CPU
and each is connected to one port in core memory by a
single memory bus. This allows the 1/O channels to
communicate with core memory simultaneously with the
CPU. The integral IOP is internal to the CPU and shares
the CPU memory bus. Therefore, either the CPU or the
integral IOP, but not both, may communicate with core
memory at any fime.

Once started by the CPU, the external 1OP's operate
independently in transferring data between device con-
trollers and core memory. Data is transferred in words
(four bytes at a time) between the IOP and core memory.
Between MIOP's and device controllers, transfers are made
a byte at a time up to four bytes per service cycle. Then
a new order is executed, Between SIOP's and the device
controllers transfers are made in bytes, halfwords, and
words continuously until the specified number of bytes has
been transferred without disconnecting and reconnecting
the device for each byte or word.

Command doublewords stored in memory by the CPU before
an I/O operation are used as instructions by the IOP. The
doublewords contain an IOP order, byte address, flags, and
byte count. An IOP order designates the operation fo be
performed such as read, write, and read backward; the byte
address is the address of the next byte location in core
memory where data is fo be read or stored; the flags desig-
nate how the operation is to be handled (e.g., data chaining,
command chaining); and the byte count is the number of
bytes remaining to be transferred. The IOP's have four
operating states: order out, data out, data in, and order in.
These are defined as follows:

3-12

Order Out. During order out, the IOP accesses a com-
mand doubleword from memory, stores the doubleword in fast
access memory except for the order, sends the order to the
device controller, and terminates the operation.

Data QOut. During data out, the IOP accesses the
memory location determined by the current byte address and
transmits the data from that location to the device con-
troller. The IOP decrements the byte count to reflect the
number of bytes remaining to be transferred and adjusts the
byte address to access the next byte location. When the
byte count is reduced to zero the IOP accesses another
command doubleword and, if data chaining or command
chaining is specified by either chaining flag, continues to
transfer data. Otherwise, the data transfer is terminated.

Data In. During data in, the IOP transmits data from
the device controller to core memory by accessing the mem-
ory locations where the data is to be stored. The byte count
and byfe address are decremented with each byte. When
the byte count is reduced to zero, the IOP accesses the next
command doubleword only if data chaining or command
chaining is specified by either of the chaining flags.
Otherwise the data transfer is terminated.

Order In. During order in, the device controller
transmits the operational status of the device to the IOP
and then terminates the operation. An order in is always
followed by a terminal order. Terminal orders are sent
from the IOP to the device controller to transfer control
information when any one of four conditions occur: count
done, command chaining, IOP halt, and interrupt-on-
channel-end.
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3-16 Multiplexing IOP

The principal elements contained in the MIOP include a
data register, address registers, fast access memory, adder,
input and output registers, timing delay lines, and a func-
tion register (see figure 3-10). Timing and some control
functions are not shown., The CPU communicates with the
MIOP on three IOP address lines, three function code lines,
and two condition code lines. The IOP address code desig-
nates one of eight possible MIOP's, the function code
designates the operation to be performed (SIO, HIO, TIO,
TDV, or AIO), and the condition code informs the CPU
whether the IOP address or interrupt has been recognized.
All other communication between the CPU and the MIOP

is through locations X'20' and X'21' in core memory. For
example, during an SIO instruction the CPU supplies
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the IOP with the address of the first command doubleword,
the address of the device controller, and the device number
through locations X'20' and X'21'. These locations are
also used to transmit response information and device status

to the CPU.

The fast access memory in the MIOP contains 32 sub-
channels, one for each possible device controller. Stored
in each subchannel is the device controller number to
which the subchannel is assigned. Each subchannel has an
80-bit capacity contained in six registers. Multiplexing
occurs on a subchannel level and therefore on a device
controller level. Devices connected to the same device
controller are not multiplexed. A new start instruction is
required to access two devices consecutively on the same
device controller.

8-BIT DATA PATH INTERFACE
MEMORY BUS TO/FROM CORE MEMORY TO/FROM DEVICE CONTROLLER
] ]
ADDRESS LINES (17) |DATA LINES (32) [ 1
M-REGISTER | INPUT
S-REGISTER (4 BYTES) < REGISTER
‘—.
J
OUTPUT
ADDER REGISTER [
I FUNCTION RESPONSE
LINES
YTE ADDRESSES AND COM FAAiTEQg%’SS A-REGISTER <
B -
MAND DOUBLEWORD ADDRESSES (DEVICE CONTROLLER AND
SUBCHANNEL ADDRESSES)
6/ FUNCTION INDICATOR LINES
FUNCTION —,L uner —» | TO/FROM DEVICE
FUNCTION CODE REGISTER B SERVICE CALLS CONTROLLER
CPU g -

INTERFACE 7| 1OP ADDRESS
CONDITION CODE

LEGEND

N/ N =NUMBER OF LINES 501172, 38
Figure 3-10. Multiplexing IOP, Simplified Block Diagram
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The CPU starts an input-output operation by executing an
SIO instruction. In a typical operation during an SIO, the
address of the first command doubleword in core memory,
the device controller address, and the device number are
sent to locations X'20' and X'21' where they are accessed
by the addressed MIOP. At the same time, the MIOP is
addressed by the CPU and the function code is sent to the
device controller. The condition codes respond to the CPU
and indicate whether the device controller address is recog-
nized, busy, or not recognized. If recognized, the device
controller responds with device status on the function
response lines. The status is stored in either location X'20
or X'21" or both so that it is available to the CPU, If
ready, the device controller directs a service call to the
MIOP and if no higher priority service call is pending, an
order out service cycle is entered.

During an order out, the MIOP accesses the first command
doubleword which is loaded into the M-register. The order
is sent to the device controller while the remaining portion,
containing the byte address, byte count, and flags, is loaded
into the assigned subchannel in fast access memory, The
order out is followed by either a data out or data in service
cycle as specified by the order. From one to four bytes are
transferred during each succeeding service cycle depending
on the capabilities of the device and the conditions speci-
fied by the command. The byte count and byte address are
decremented by the adder for each byte transferred. A
service call is generated for each service cycle (after a
maximum of four bytes are transferred). This allows a higher
priority device controller to interrupt for service. Logi-
cally, the device controller is disconnected at the end of
each service cycle and is reconnected after the MIOP
acknowledges the new service call.

When the byte count has reached zero, the operation is
terminated by an order in service cycle and a terminal

order if neither command chaining nor data chaining flags
specify chaining. If chaining is specified, the MIOP
accesses the next command doubleword in sequence and
continues the operation. When all data has been transferred,
the 1/O operation is ended with the order in and terminal
order,

3-17 Seiector IOP

The principal elements contained in the SIOP include a data
register, memory address register (S), data buffer, register
for counters and flags, input-output register, function
register, and timing delay lines (see figure 3-11). The
timing delay lines and some control functions are not shown.
Since the SIOP is designed for high speed input-output
devices such as RAD files and high speed tape stations, it
only services one channel at a time and continues the data
transfer without connecting and disconnecting the device
controller as in multiplexing operations. The equivalent of
one fast access memory subchannel is provided to store the
byte count, byte address, and flags. The data buffer allows
for memory port interference, provides delays in the IOP
data path, assembles and disassembles data, decrements the
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byte count and byte address counter, and receives function
response and status from the device controller,

CPU interface and core memory interface to the SIOP are
the same as those for the MIOP. The SIOP is similarly
addressed by the CPU, and communication between the CPU,
core memory locations X'20' and X'21", and the SIOP are
also similar. The SIOP may be equipped with an optional
bus-sharing feature which allows the SIOP to time-share a
core memory bus with another SIOP equipped with a similar
bus-sharing feature.

Interface between the device controller and the SIOP may
consist of 8, 16, or 32 bit data paths to transfer bytes,
halfwords, or words, respectively. The SIOP responds to
device controller service calls and performs order out, data
out, data in, and order in functions. Once started, a data
exchange continues until the entire record is transmitted,
as indicated by a zero byte count or until the exchange is
terminated by the device controller.

During the order out operation, the IOP accesses the com-
mand doubleword from core memory, sends the order to the
device controller, stores the byte address, byte count and
flags, and then terminates the order out. During the data
out operation, the SIOP accesses core memory as determined
by the byte address and loads the data into the data buffer.
In response to device controller request strobes, the SIOP
accesses the data buffer, aligns the data as required by the
state of the byte address and byte count registers, generates
odd parity for a one byte data path, and transmits the data
to the device controller. When the byte count is reduced
to zero, data chaining is performed if specified by the data
chaining flag; otherwise the order out is terminated.

During a data in operation the SIOP responds to device
controller requests and loads the data buffer. One byte odd
parity checks are made if specified. The data buffer aligns
the data according to the state of the byte count and byte
address registers, accesses the core memory location desig-
nated by the current byte address, and controls partial or
full write operations to core memory. The byte address is
incremented if it is a forward operation and decremented if
a backward operation. The byte count is decremented each
time core memory is accessed. When the byte count is
reduced to zero, the SIOP performs data chaining if speci-
fied by the data chaining flag; otherwise the order is
terminated.

During order in, the SIOP accepts the operational status
byte from the device controller in which any of the follow-
ing conditions are reported: transmission error, incorrect
length, chaining modifier, channel end, or unusual end.
The SIOP responds to the conditions reported and then ter-
minates the operation. The service sequence is terminated
with a terminal order sent to the device controller. The
terminal order may report any of the following: interrupt,
count done, command chain, or IOP halt,
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Figure 3-11. Selector IOP, Simplified Block Diagram
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3-18 Integral IOP

The integral IOP is a multiplexing IOP which uses most of
the CPU registers to perform I/O operations. A CPU
equipped with an optional integral IOP contains additional
registers [ODA, IOFR, and IOFM, and a 32-channel fast
access memory. The registers and their functions are shown
on the CPU arithmetic, control, and address functions block
diagram, figure 3-3. The fast access memory is not shown.
The integral IOP responds to service calls from the device
controllers and performs order out, data out, data in and
order in operations in a manner similar to the MIOP.
Timing is accomplished by the CPU clocks which control
four input-output phase flip-flops and sixteen switch phase
flip-flops. Data chaining and command chaining may also
be performed.

3-19 Chaining

Chaining permits an IOP to execute two or more commands
from memory for a single start instruction executed by the
CPU. Command chaining is specified by setting the com-
mand chain flag in the command doubleword. Instead of
terminating service when a command has been executed,
the next command doubleword in sequence is read by the
1OP. If the command chaining flag is also set in the new
command doubleword, another command doubleword is
read after the present one has been executed. Finally,
when a command doubleword is accessed in which the
command chaining flag is not set, the operation is ter-
minated at the end of the current command doubleword.

Data chaining is specified by a data chaining flag in the

command doubleword. Data chaining permits scatter
reading and gather writing. Scatter reading is placing
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information from one physical record in a device into one
or more noncontiguous memory locations. Gather writing
takes information from one or more noncontiguous memory
locations and writes it into one physical record in a device.
When a data chain flag is detected, the IOP needs a com-
mand doubleword from the next successive memory location
as in command chaining. but the order bits in the double-
word are not transmitted to the device controller. Thus,
the operation called for in the previous order is continued
without starting a new record. Data chaining stops when a
zero is detected in the data chaining flag bit of the current
command doubleword.

3-20 IOP Priority

IOP priority for external IOP's is established in relation to
the CPU and in relation to core memory (see figure 3-12).

In relation to the CPU, IOP's are connected in trunktail
fashion. The IOP closest to the CPU has the highest priority,
the one farthest from the CPU has the lowest. All of the
[OP's share a single interrupt request line to the CPU. In
relation to core memory, priority is determined by the mem-
ory port to which the IOP is connected. Port A has a higher
priority than port B, and of the four port expander outputs,
port 1 has the highest and port 4 the lowest priority.

3-21 DETAILED PRINCIPLES OF OPERATION

The detailed principles of operation describe the logical
and nonlogical functions performed by each major equip-
ment element. Detailed logical and circuit diagrams are
used to develop the explanations of the logical functions.
When a detai! needs further clarification, a simplified
diagram is included. Basic logic symbols used in the equip-
ment documentation are defined in figure 3-13.
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Figure 3-12. Typical IOP Priority Arrangement
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QUTPUT LOW IF ONE OR MORE INPUTS ARE HIGH

) >
D

LOGIC FUNCTION SYMBOL DESCRIPTION
INPUT ouTPUT
A B 3
A —
AND F L L L
B —— L H L
H L L
H H H
INPUT ouTPUT
A B F
A
F L L L
OR R L H H
H L H
H H H
INPUT CONDITION: A SMALL CIRCLE AT AN INPUT TO ANY ELEMENT (LOGICAL
OR NONLOGICAL) INDICATES THAT THE RELATIVELY LOW (L) SIGNAL ACTIVATES
THE FUNCTION, CONVERSELY, THE ABSENCE OF A SMALL CIRCLE INDICATES THAT
STATE INDICATOR (o} THE RELATIVELY HIGH (H) SIGNAL ACTIVATES THE FUNCTION.
OUTPUT CONDITION: A SMALL CIRCLE AT THE SYMBOL OUTPUT INDICATES THAT
THE OUTPUT TERMINAL IS RELATIVELY LOW WHEN THE FUNCTION IS ACTIVATED,
INPUT OuTPUT
A B F
A L L H
NAND F L H H
B H L H
H H L
OUTPUT LOW IF BOTH INPUTS HIGH
INPUT OUTPUT
A 8 F
L L H
L H L
NOR F H L L
H H L
F
OR

EXCLUSIVE OR

fol

INPUT OUTPUT
A B F
L L L
L H H
H L H
H H L

GATED
FLIP-FLOP

—_—m

THE FLIP-FLOP ASSUMES THE 1 STATE WITH:

A. INPUT S HIGH AND INPUT C CLOCKED OR

B. INPUT M HIGH
THE FLIP-FLOP ASSUMES THE 0 STATE WITH:

A. INPUT R HIGH AND INPUT C CLOCKED OR

B. INPUT E HIGH
THE FLIP-FLOP ASSUMES THE 1 STATE IF BOTH INPUTS S AND R ARE HIGH AND
INPUT C IS CLOCKED. THE FLIP-FLOP TOGGLES AT TRAILING EDGE OF CLOCK
PULSE AND LEADING EDGE OF PULSE AT DIRECT INPUTS M AND E,

REPEATER
FLIP-FLOP

FF

THIS FLIP-FLOP ASSUMES THE 0 STATE WHEN THE S INPUT IS LOW AND THE
C INPUT IS CLOCKED. THE FLIP-FLOP TOGGLES AT THE TRAILING EDGE

OF THE CLOCK PULSE,

OF THE CLOCK

Figure 3-13. Basic Logic Symbols Chart (Sheet 1 of 3)
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LOGIC FUNCTION SYMBOL DESCRIPTION
Y bl
S R
RG(N)
1 0
N N THE BINARY REGISTER SYMBOL REPRESENTS A GROUP OF FLIP-FLOPS USED AS A
‘[’ + SINGLE REGISTER., THE LETTER N INDICATES THE NUMBER OF FLIP-FLOPS OR
BINARY REGISTER BITS IN THE REGISTER., IN SOME APPLICATIONS THE SYMBOL MAY BE SHOWN
I ] l l i L AS IN THE LOWER CONFIGURATION BUT IS USUALLY iNDICATED AS IN THE
S C R S C R UPPER DRAWING.,
RG(N)
1 0 1 Q

SHIFT REGISTER

RIGHT
SHIFT
INPUT

PARALLEL INPUT

b !

LEFT
SHIFT
INPUT

—1
SERIAL INPUT 0

RIGHT
SHIFT
INPUT

S R
—
SR(N) 0 SERIAL QUTPUT
1 0
N‘L N
PAPALLEL QUTPUT
OR

LEFT
SHIFT
INPUT

SERIAL INPUT—

N p———
o
1
1
1
I
t
L

F—SERIAL OUTPUT

PARALLEL QUTPUT

THE SHIFT REGISTER SYMBOL REPRESENTS A BINARY REGISTER WITH PROVISIONS
FOR DISPLACING OR SHIFTING THF CONTFNTS OF THE REGISTER ONE STACE

AT A TIME TO THE RIGHT OR LEFT BY THE SHIFT INPUT. THE LETTER ™ INDICATES
THE NUMBER OF FLIP-FLOPS OR BITS IN THE REGISTER, IN THE LOWER SYMBOL

AT THE LEFT, THE NUMBER OF INPUTS AND OUTPUTS AGREE WITH THE NUMBER OF
BITS (N). UNUSED INPUTS AND OUTPUTS ARE NOT SHOWN.

SINGLE SHOT

SS

l0.5 ysl

OR

ONE OUTPUT

SS

11—

|0.5 us |0

TWO OUTPUT

THE UNACTUATED STATE OF THE SINGLE SHOT IS EITHER ZERO OR ONE, WHEN
ACTUATED, IT CHANGES TO THE OPPOSITE STATE AND REMAINS IN THAT STATE
FOR THE DURATION OF THE ACTIVE TIME OF THE DEVICE. THE DURATION,
AMPLITUDE, POLARITY AND SHAPE OF THE OUTPUT SIGNAL ARE DETERMINED
BY THE CHARACTERISTICS OF THE SS AND NOT BY THE INPUT SIGNAL., A
STYLIZED WAVEFORM MAY BE SHOWN [NSIDE OR OUTSIDE OF THE SYMBOL
TO INDICATE OUTPUT CHARACTERISTICS,

TIME DELAY

5 MS

5 MS

1.

5 MS
5 MS
3 MS

THE TIME DELAY DURATION IS SHOWN INSIDE OR OUTSIDE THE SYMBOL
ADJACENT TO THE OUTPUT. TWO VERTICAL LINES IN THE SYMBOL INDICATE
THE INPUT SIDE. IF THE DELAY DEVICE IS TAPPED, THE DELAY TIME RELATIVE
TO THE INPUT IS SHOWN ADJACENT TO THE TAP QUTPUT.

GENERAL
LOGIC FUNCTION

THE SYMBOL APPLIES TO FUNCTIONS NOT SPECIFIED ELSEWHERE. IT IS
ADEQUATELY LABELED TO IDENTIFY THE FUNCTION PERFORMED

EXTENDED INPUTS

1]

i

(N)

WHERE A CIRCUIT IS USED TO ADD INPUTS TO ANOTHER AND OR ANOTHER OR
CIRCUIT, AND THE CONNECTION FROM THE SECOND CIRCUIT TO THE FIRST

IS MADE AT OTHER THAN A NORMAL INPUT OR OUTPUT OF THE FIRST CIRCUIT,
THE CONNECTION IS INDICATED AS SHOWN IN THE SYMBOL, THE LETTER E
INDICATES EXTENSION AND THE LETTER R, WHEN SHOWN ADJACENT TO THE
SYMBOL, INDICATES THAT THE OUTPUT REGISTER IS ADJACENT TO, ORIN
THE VICINITY OF, THE HARDWARE PHYSICAL LOCATION AS DESCRIBED BY

THE INTERNAL LABEL OF THE SYMBOL. LETTER N INDICATES PIN NUMBER

OF EXTENSION POINT,

. 901172A. 34/2

Figure 3-13. Basic Logic Symbols Chart (Sheet 2 of 3)
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LOGIC FUNCTION

SYMBOL

DESCRIPTION

SCHMITT TRIGGER

ST
b—  OR

[0.5us1

ONE QUTPUT

ST

T™WO QUTPUT

THE SCHMITT TRIGGER ACTUATES WHEN THE INPUT SIGNAL EXCEEDS A THRESHOLD
VOLTAGE. THE UNACTUATED STATE OF ST IS EITHER ZERO OR ONE, WHEN
ACTUATED, IT CHANGES TO THE OPPOSITE STATE AND REMAINS IN THAT STATE
UNTIL THE INPUT SIGNAL NO LONGER EXCEEDS THE THRESHOLD VALUE. THE
QUTPUT SIGNAL AMPLITUDE AND POLARITY ARE DETERMINED BY THE DEVICE
CHARACTERISTICS ANDNOT BY THE INPUT SIGNAL. A STYLIZED WAVEFORM MAY BE
SHOWN INSIDE OR OUTSIDE THE SYMBOL TO INDICATE AMPLITUDE,

POLARITY, THRESHOLD VOLTAGE AND DURATION.

H‘—{>—0H OR H——{>0—»L

THE SYMBOL REPRESENTS A LINEAR OR NONLINEAR CURRENT OR VOLTAGE
AMPLIFIER. THE AMPLIFIER MAY HAVE ONE OR MORE STAGES AND MAY OR MAY
NOT PRODUCE GAIN OR INVERSION. LEVEL CHANGERS AND INVERTERS,

CABLE DRIVERS AND RECEIVERS, EMITTER FOLLOWERS, RELAY DRIVERS,

AMPLIFIER LAMP DRIVERS AND SENSE AMPLIFIERS ARE EXAMPLES OF DEVICES FOR WHICH
THIS SYMBOL APPLIES. THE AMPLIFIER FUNCTION IS IDENTIFIED BY A
LETTER DESIGNATION INSIDE THE SYMBOL. LETTER DESIGNATIONS FOR
THE LOGIC SYMBOLS ARE LISTED AT THE END OF THIS CHART.
A
FUNCTION
s—i1 X
DOT AND g___, .
A —rAf
FUNCTION
A
WHERE FUNCTIONS HAVE THE CAPABILITY OF BEING COMBINED ACCORDING TO
THE AND OR THE OR FUNCTION SIMPLY BY CONNECTING THE OUTPUTS THAT
CAPABILITY IS SHOWN BY ENVELOPING THE BRANCHED CONNECTION WITH
A AN AND OR AN OR SYMBOL OF SMALLER SIZE
FUNCTION
S Y
DOT OR E>—> F
A
FUNCTION
v
B
SINGLE CHANNEL
- SIGNAL FLOW
v 2 CHANNEL
LLL 3 CHANNEL MULTIPLE CHANNEL
SIGNAL PATHS 77
N,/ N = NUMBER OF CHANNELS
19 A8 MULTIPLE CHANNEL WITH TAKEOFF

SIGNAL PATHS CROSSING WITH NO CONNECTION
(NOT NECESSARILY PERPENDICULAR)

SYMBOL
DESIGNATIONS

E
EF
FF
)
LS

(N)

RD
RG(N)

SA
SR
SS
ST

BUFFER AMPLIFIER

CLOCK

CABLE DRIVER

CABLE RECEIVER

ERASE (DIRECT RESET INPUT)
EMITTER FOLLOWER
FLIP-FLOP

LAMP DRIVER

LEVEL SETTER

MARK (DIRECT SET INPUT)
NUMBER OF STAGES
RESET

RELAY DRIVER

REGISTER, N STAGES

SET

SENSE AMPLIFIER

SHIFT REGISTER

SINGLE SHOT

SCHMITT TRIGGER

3-20
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3-22 CENTRAL PROCESSING UNIT

The following is the detailed theory of the logic circuits
contained in the central processing unit. The arithmetic
and control circuits are discussed in terms of registers and
control signals. The generation of clock pulses and the use
of these clock pulses to establish variable time intervais,
or phases, during instruction execution are also described.
The operation of the real-time clock, the watchdog timer,
and the power fail-safe option are discussed individually,
and the interrupts or traps caused by outputs from these
circuits are described under interrupt and trap operation.
The logic theory of the processor control panel is included.

3-23 Arithmetic and Control Circuits

The arithmetic and control circuits in the CPU consist of
registers, an adder, control flip-flops, and 32 multifunction
lines called the sum bus., The registers are designated A,

B, C, CC, D, DIO, MC, O, P, R, RP, IODA, and IOFR.

The last two registers are part of the integral IOP, and are
described in that section of the manual. A block diagram of
the arithmetic and control circuits is shown in figure 3-14,

C-REGISTER (C0-C31). The C-register serves as an instruc-
tion register and is used in arithmetic calculations with the
A- and D-registers. All core memory information enters the
CPU by means of the C-register, and this register is one of
two entrance paths for private memory information. During
some calculation processes, the C-register receives sum bus
outputs for shifting operands and is also used as a temporary
storage register for numerical values to be later transferred
to the D-register. Data may be transferred to other registers
or stored in private memory from the C-register by means

of the sum bus. A diagram of C-register inputs and their
respective enabling signals is shown in figure 3-15,

The C-register is unique among the CPU registers in that
its storage circuits are made up of buffered latches instead
of flip~flops. In the logic equations, these buffered latches
are referred to as buffer flip-flops, identified by the symbol
FB.

The operation of a buffered latch is shown in figure3-16,
using bit 1 of the C-register as an example. When the
C-register is to be loaded from private memory, core mem-
ory, or the sum bus, one of the three lower inputs to the
OR gate goes true, and buffer output Cl is driven true.
The C1 output is fed back to the input of an AND gate
containing holding term HOLDC. As long as HOLDC is
true, Cl will contain a logical one, even after the quali-
fying signal has dropped. A zero is placed in C1 when
either early data release signal EDR from memory, DCCL/1,
or DCCL/2 goes true, causing HOLDC to drop. Signals
DCCL/? and DCCL/2 are timing outputs from the CPU
delay lines.

When an instruction is in the C-register, outputs are taken
to control flip-flops for indexing and indirect addressing,

Paragraphs 3-22 to 3-23

to the R-register for private memory addressing, and to the
O-register for opcode decoding.

A-REGISTER (A0-A31). The A-register is one of two inputs

to the adder and is one of two entrance paths to the CPU
from private memory. This register is used for arithmetic
calculations, alignment, shifting, checking arithmetic
results, masking certain bits during comparison operations,
and as an intermediate register for transfer of information
through the adder to other registers and to core and private
memory.

The arithmetic function of the A-register is used for index-
ing, incrementing and decrementing count figures, modifying
numerical values, and for addition, subtraction, multipli-
cation, and division. The alignment function (left and

right shifting from the A-register or the sum bus) is used for
aligning such information as bytes, halfwords, count values,
I/O addresses, and 1/O status, When comparison operations
are taking place, the A-register contains one of the num-
bers to be compared in the adder.

When arithmetic results are to be checked, the information
is gated into the adder from the A-register, and the adder
output on the sum bus is tested.

The inputs to the A-register and their enabling signals are
shown in figure 3-17.

O-REGISTER (O1-07). The O-register, or opcode register,
receives the 7-bit operation code from the C-register. The
O-register outputs are decoded to provide logic signals
appropriate to the instruction being executed.

The inputs to the O-register and their enabling signals are
shown in figure 3-18.

RP-REGISTER (RP24-RP27), The RP-register, or register
block pointer, provides the address of one 16-register block
out of 16 blocks in private memory. The private memory
block selected by the register block pointer is referred to as
the current register block. This register is part of the pro-
gram status doubleword, occupying bits 56 through 59 of
PSW2. The register block number is placed in the RP-
register by way of the sum bus during a load register pointer,
load program status doubleword, or exchange program status
doubleword instruction. The RP-register outputs are used to
set the four most significant bits of the private memory
address lines, LR24 through LR27.

The inputs to the RP-register and their enabling signals are
shown in figure 3-19.

R-REGISTER (R28-R31). The R-register holds the four-bit
private memory address which specifies one of a block of 16
fast memory registers. The number is taken from the instruc-
tion word in the C-register, and the outputs of the R-register
are used to set the four least significant bits of the private
memory address lines, LR28 through LR31,

3-21/3-22
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BYTE ALIGN

LEFT SHIFT 8

RIGHT SHIFT 8

RIGHT SHIFT 16

RIGHT SHIFY 24

DIO0-DIO3I

BOOTSTRAP LOGIC—————»

ADDER

DIRECT INPUT/ _DIOO-DIO3}
OUTPUT LINES PROCESSOR
|- CONTROL PANEL
ODIOI DISPLAY
-3
so-531 DIRECT INDICATORS
LI L& INPUT/OUTPUT
DATA LINES
FLOATING-
DIRECT
ADDRESS o} 32-47 | INPUT/OUTPUT POt
ADDRESS LINES ket
. CORE MEMORY
CONDITION COpE—CE1-CC4y ] - /MBO-MB31/
NP26-NP31
P26-P31 MC
so-s7.| 07
— PRIVATE MEMORY
AND /O
[~ FAST MEMORY
|_DOWNCOUNT_| RWO-RW31
1/0 DATA 2A0-DA7
SUM BUS (50-531)
MEMORY
PROTECTION
WRITE LOCK DATA
50-531 -831 515-531 || W/LK/0-W/LK/3]
: FPO-FP31 PROCESSOR P15-P31
FLOATING POINT-2- 22l CONTROL PANEL KSPIS-KSP31 PROCESSOR CONTROL  \ueuopy
O STATUS ADDRESS SWITCHES * PANEL INDICATORS PROTECTON
INTERRUPT ADDRESSNIO=INTE P |P15-P20 —» WRITE LOCK
P15-P31 B B16-B31 15-31 ADDRESS
0-31 L/LKO-L/LKS

PROCESSOR CONTROL _ KS0-KS31
PANEL DATA SWITCHES >
MC0-MC7
50-531 .
com RIG HT SHIFT | .
Ry RIGHT SHIFT 2 .
LEFT SHIFT |
1/O FUNCTION RESPONSE—R0=FRZ
MEMORY FAULT INDICATORS ~MFLO-MFL7 ]
1RaP apDRESS oprriee~TR2ETRAL o}
0-31
cc .
1-4 o
PROGRAM STATUS DOUBLEWORD
FLOATING CONTROL FLIP-FLOPS >
PRIVATE RRO-RR31 N
MEMORY ‘
INDX
S0-531
pf————[ 14 ]
NR28-NR31 A0-A31
R28-R31
526-531 R
CORE  _MBO-MB31
_MBO-MB3I | _3)
MEMORY %3
C UPCOUNT,
0-3) UPCOUNT, DOWNCOUNT
|_DOWNCOUNT_| (8YTe O}
o
1-7
| 00-D31
TLEFT sHIFT
. R28-R31
oo |D12-DI4 INDEX REGISTER ADDRESS

50-531

RIGHT SHIFT 8

COo-C3t

RP

BO-B15
LEFT SHIFT 1

RIGHT SHIFT 1 _|

RIGHT SHIFT 2

TRAP ADDRESS_TR28-TR3}
MODIFIER

>——| A8, A%, A30, A31 —>

CORE MEMORY
-+ ADDRESS

r—
32,33 PIS-P3Y
UPCOUNT,
CROSSOVER
W N
DOWNCOUNT #2831

/LB15/-/LB31/

PRIVATE MEMORY
—» REGISTER ADDRESS

PRIVATE MEMORY REGISTER PAGE ADDRESS

24-27

LR24-LR31

Figure 3-14, Arithmetic and Control Circuits

.901172A. 60
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RRO-RR31 (PRIVATE MEMORY)
|

J CXRR L

MBO-MB3I (NI\EMORY BUS)

r CXMB !
S0-515 (SUM BUS) S16-531 (SUM BUS)
J CXS N(FAST PH1/A) 11 CXS 1
BYTE 0 pyte1  C-REGISTER  pyye s BYTE 3

0111213415161 7i(8]9(10J11]12]13]14]15]16]17]18119120121122|23124125126127128(29130{31

$01172A. 61

Figure 3-15. C-Register Inputs and Enabling Signals

EDR

DCCLN HOLDC

—» C1

/ MB] —

CXMB —

DCCL/2

(A

o

CXS —

RR1 —'1

CXRR —

901172A. 62

Figure 3-16. C-Register Bit 1 Logic Diagram
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R28-R31 (PRIVATE MEMORY ADDRESS)j
AXR

CCZ,CC1-CC4
CONDITION CODE =

A8-A31 (A-REGISTER) LEFT SHIFT 8 NO. OF WORDS
|
r AXALS ! AXCC
MFLO-MFL7
AO-A7 RIGHT SHIFT 8 (MEMORY FAULT INDICATORS)
1 |
! AXARS 1 : ' AXPARITY 1
(S/A8), (S/A9), A2-A4 AO-A7 RIGHT SHIFT 24
| {
[ IOAXST 1 r AXAR24 i
(CONDITIONS AND
PROGRAM STATUS DOUBLEWORD 1 FLOATING CONTROL)
1 1
| AXPSW1 l [ AXFC !
AOL-A7L, P28, P28 (BOOTSTRAP LOGIC) A21L-A3IL
i |
I AXLOAD L ! AXLOAD '
FRO-FR7 '
(1/O FUNCTION RESPONSE) AO-A7 RIGIl-iT SHIFT 16
|
a AXFR ‘ ' AXARTS l

MCO0-MC7 (MACRO-COUNTER)
1

r AXMC !
UPCOUNT, DOWNCOUNT
| SETINPUTS
TAUC3, ADC3/AUC7, ADC7! RR6 FUMSP PH1/F
{—AXALS SW5 FAST PHI1/E AXALB SW6 FAST PH1/E
BYTE 0 BYTE1  A-REGISTER  pyrg BYTE 3

0111213141561 7]1819110111112]13114/15[1611711819120;21,22,23]|24,25,26,27,2829,30,31

RESET BY FUSF/1
\AUC3, ADC3; AUC7, ADC7,
L I

UPCOUNT, DOWNCOUNT
l RESET INPUTS AX, AZ |
.
ZEROS
9011724, 63/1

Figure 3-17. A-Register Inputs and Enabling Signals (Sheet 1 of 2)
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KS0-KS31 (PCP DATA KEYS)
i

AXK 1

DIO0/1-DI1031/1 (DIRECT INPUT/OUTPUT REGISTER)
|

AXDIO L

RRO-RR31 (PRIVATE MEMORY)
I

AXRR L

S000, SO0, S0-529 (SUM BUS) RIGHT SHIFT 2
}

AXSR2 L

500, SO-S30 (SUM BUS) RIGHT SHIFT 1
i

AXSRI !

S1-531 (SUM BUS), A3TEN/1 LEFT SHIFT 1
|

AXSLI |

S0-531 (SUM BUS)
|

.

AXS

PROGRAM STATUIS DOUBLEWORD 2

I ’ AXPSW2

NR28-NR31 (COMPLEMENT OF PRIVATE MEMORY ADDRESS):

AXNR
TR28-TR31 (TRAP ADDRESS MODIFIER)
M AXTR !
A-REGISTER

0]11213(415)617]18(9110111]12113114]15]16|17]18119120]21]22]|23|24]25|26|2728|29 |30|31

901172A,63/2

Figure 3-17. A-Register Inputs and Enabling Signals (Sheet 2 of 2)
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C1-C7 (C-REGISTER)
]

r OXC !
O-REGISTER
0111213]4(5]161(7
| le ]
ZEROS

90V172A. 64

Figure 3-18. O-Register Inputs and Enabling Signals

$28-531

' RXS '

UPCOUNT SET LOGIC
RUC 31

DOWNCOUNT SET LOGIC

M RoC 31 !

$24-527 (SUM BUS)  C8-C11 (C-REGISTER)

RPXS RXC
RP-REGISTER R-REGISTER
24125126)27 28129)30131

RPXS RX

ZEROS ZEROS
RUC 31

UPCOUNT RESET LOGIC
RDC 31
DOWNCOUNT RESET LOGIC

901172A, 65

Figure 3-19. RP-Register and R-Register Inputs and
Enabling Signals

The R-register contents may be increased or decreased by
one to obtain the most or least significant half of a
doubleword.

3-28

The inputs to the R-register and their enabling signals are
shown in figure 3-19.

D-REGISTER (D0-D31). The D-register is one of two inputs
to the adder. This register is used for arithmetic calcula-
tions and logic operations, sign extension, alignment,
comparison, storing in core and private memory, and holding
flags and status information for 1/O operation.

The arithmetic functions of the D-register are used for
indexing, incrementing and decrementing count figures,
modifying, and for addition, subtraction, multiplication,
and division.

The shift logic into the D-register from its own outputs and
from the sum bus is used for alignment of bytes and half-
words before arithmetic operations and of addresses for
1/O operation.

A portion of the D-register output is used to develop a
private memory index register address from the index field
of an instruction received from the C-register.

The inputs to the D-register and their enabling signals are
shown in figure 3-20.

B-REGISTER (BO-B31). The B-register is used for temporary
storage of the program address while the P-register is being
used for other functions. An address in the B-register may
be loaded into private memory by means of the sum bus.

During arithmetic calculations, the B-register is used to

hold the multiplier, the partial product, the numerator, or
the quotient. This register is also used for shifting these
values when required. During direct input and output, the
B-register holds the DIO effective address. During floating
point operation, the B-register is used to transfer informa-
tion from the floating point unit to private memory. The
B-register also holds status information during 1/O operation.

The B-register inputs and their enabling signals are shown
in figure 3-21.

P-REGISTER (P15-P33). The P-register is primarily an
address register and is used to develop core memory, private
memory, and memory protection write lock addresses. The
register may be incremented or decremented to obtain the
next instruction in sequence, to return to an instruction
after an interrupt, or to obtain the upper or lower address
of a doubleword. Processor control panel addresses are
transferred directly to the P-register from the PCP switches,
and PCP address indicators are connected to the P-register
outputs. Bits 15 through 31 of the P-register are used for
addressing, and bits 32 and 33 are used for control during

"byte and halfword operation and for some /O control

functions.

The P-register inputs and their enabling signals are shown
in figure 3-22.
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C1-C31 (C-REGISTER) LEFT SHIFT 1
|

DXCLI !

CO0-C31 (C-REGISTER)
]

DXC T !
S0-S15 (SUM BUS) $§16-531 (SUM BUS)
1 1
DXS 1 DXS + IOPHO SW13 NSW1 !
DO-D7 D8-D15 D16-D31
1 ] |
I DXDR8 1 DXDR8 NFUMH " DXDR8 1

024-[030 D31

r(S/Dé) = RESET/C + D30 DXDR8

BYTE 0 BYTE 1 D-REGISTER  pyre 5 BYTE 3
0112341516718 9110[11]12113]14]15|16]17]18119]20]21]22]23] 24]25]26] 27]28]29]30] 31
. DX DX + DOSISXZ DX + FUMH PH4 + DXS/4 ,
T T 1
ZEROS ZEROS ZEROS

g— DX + D0003XZ
ZEROS

901172A, 66

Figure 3-20. D-Register Inputs and Enabling Signals
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FPO-FP31 (FLOATING POINT)
|

l BXFP

$30/1, S31/1, BO-B29 (B-REGISTER) RIGHT SHIFT 2
_ 1

r BXBR2 L
$31/1, BO-B30 (B-REGISTER) RIGHT SHIFT I
|
m BXBR1 !
B1-831, B31EN/1 (B-REGISTER) LEFT SHIFT 1
}
m BXBLI '
$0-S14, 515/1, 516-531 (SUM BUS)
1
- BXS !
B15/1 = B15 NBXP + P15 BXP
BO-F14 i-_ P16-P31
L
r BXB L BXP 1
(5/B0)-(S/B3) 1/O LOGIC  (5/B8)-(5/B14) 1/O LOGIC
e
IOPOP ! IOPOP !
$(B3031) = MIT (MC = 1) B30
—RESET BY BX + IOPH] SW8 ORDER OUT ' ‘
RESET BY BX + IOPH3 SW10
(S/B4) 1/O LOGIC (S/B15) = INTRAP1 B15 NBRP
v { |
. BYTE 0 ByTe 1 B-REGISTER  pyrp s BYTE 3
011]213141516]7]8] 9110]]1[]2|13]14Jl§Jléll7Ll8lJ9[20|21122123 241 25(26(27(28]29 (30]31
BX + INTRAPI
L BX + INTRAPI |, BX | +FUMH PH4 |
T | i
ZEROS ZEROS ZEROS
90V172A.67

Figure 3-21. B-Register Inputs and Enabling Signals
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© $15-531 (SUM BUS), P32HOLD, P33HOLD
|

r PXS !

UPCOUNT SET INPUTS

1 | 1 | |
Mpucis M puciszz Mpuc2s " puc2e 1 PUC3033 !

DOWNCOUNT SET INPUTS |
1 | | |
Fpocis W ppc22 'Mepc2s 7 ppc29 ' pPDC3033

KSP15-KSP31 (PCIP ADDRESS KEYS)

PXK
INTO-INT8 (INTERRUPT ADDRESS)
i
! PXINT |

TR28-TR31 (TRAP ADDRESS MODIFIER)

PXTR
(5/P31/1) A30 AXSR2
RESET/C + A8 IOPHO SW12
+ A31 IXAL
(S/P26) = (FAIO PH1 + RESET/C) + AXSR]

+ PCP4 KFILL/B

PXTR A31 AXSR2
7 1 | ; + A9 IOPHO SW12

7
P-REGISTER ?

15116|171181 19120121 122I23|2'4]2’5426|27[28129[30131|‘32|33
A

L——RESET BY CLEAR
| PDCI8 , PDC22 , PDC25 , PDC29 , PDC3033 |
1 1 | T 1

DOWNCOUNT RESET INPUTS

L_PUCI8 PUC‘1922 lLPuc[:zs L PUC PUC3033 |

UPCOUNT RESET INPUTS
L Pf( |
ZEROS

901172A. 68

Figure 3-22. P-Register Inputs and Enabling Signals
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DIO-REGISTER (DIOQ/1-DI047/1). The DIO-register
holds direct input or output data and addresses during read
direct and write direct instruction execution. Flip-flops
DIO0/1 through DIO31/1 contain the data, and are loaded
from the direct input/output lines during read direct opera-
tion and from the sum bus during write direct operation.
Flip-flops DIO32/1 through DIO47/1 contain the address
and are loaded from the B-register. The data outputs of
the DIO-register are gated onto the sum bus during read
direct operation and onto the direct input/output lines
during write direct operation.

The inputs to the DIO-register and their enabling signals
are shown in figure 3-23,

MC-REGISTER (MCO-MC7). The MC-register, or macro-
counter, is used to keep frack of the number of words for
multiple-word instructions, the number of shifts for shift
instructions, and the number of iterations for multiplication
and division instructions. The counter is decremented by
one each time the count is to be changed.

The macro-counter is loaded from the P-register during shift
instructions, from the condition code register during stack
and multiple instructions, and from the sum bus during the

move to memory control instruction. The outputs of the
counter are transferred to the A-register or are applied
directiy in conirol equations.

The inputs to the macro-counter and their enabling signals
are shown in figure 3-24.

CONDITION CODE FLIP-FLOPS (CC1-CC4). The con-
dition code flip-flops are part of the program status
doubleword, occupying bit positions O through 3 of PSW1,
These flip-flops are used as a 4-bit register in some opera-
tions. In other operations the flip-flops store bits repre-
senting the results of certain calculations. Only the register
function will be discussed in this section.

During read and write direct internal mode operation, the
condition code flip-flops are used to store the states of the
four processor control panel sense switches, KSS1 through
KSS4. When a trap occurs during program status double-
word operation, the CC flip-flops store the contents of the
trap accumulator register, TRACC1 through TRACC4. Dur-
ing interpret and program status doubleword operation, bits
0 through 3 of the sum bus are loaded into the condition
code flip-flops, and during the load conditions and floating
control instruction, $24 through S27 are loaded into CC}
through CC4.

S0-531 (SUM BUS)
1

DIOXS !

DIO0-DIO31 (DIRECT I/O LINES)
|

DIOXDIO !

DIO-REGISTER (DATA)
0111213141516171819110[11]12113]14}15]16]17]18]19]20]21]22]23]24]25]26]27]28]29]30]31

) DIOX

I
ZEROS

|

B18-B31 (B-REGISTER)
|

DIOXB !

DIO-REGISTER (ADDRESS)
32|33]34]35136|37]38)39 140 | 4142 |43 | 44|45|46 |47

i DIOIXB )
ZEROS 901172A. 69

Figure 3-23. DIO-Register Inputs and Enabling Signals
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S0-57 (SIUM BUS)
[ MCXS !

DOWNCOUNT SET INPUTS
| |
"mcpca '" mepcy !

CCZ,CC1-CC4 (CONDITION CODE)
AXCC

NP26-NP30 (P-REGISTER), FUSF NP31, FUSF
]
I MCXNPLI !

P26 -P31 (P-REGISTER)
1
I MCXPL2 1

A AA

————FADIV PRE3

———FAMULNH PRE3
FUMH PRE3

—(5/MC7) =
|y | FAST PRE3 NO6

MACRO-COUNTER
0]1]2]3]4]5]6]7

| MCX |
1
ZEROS

. MCDC3 ,, MCDC7

T !
DOWNCOUNT RESET INPUTS
9011724, 70

Figure 3-24. Macro-Counter Inputs and Enabling Signals

The inputs to the condition code flip-flops when used as a
register are shown with their enabling signals in figure

3-25.

ADDER. The adder performs the basic arithmetic and logic
operations of the computer. All adder inputs are taken
from the A- and D-registers, and the sum bus, SO through
S31, is the common output for all of the results obtained
in the adder.

The operations performed in the adder are listed in table
3-1. The gating terms at the top of the table are used to
develop the generate and propagate signals used for
parallel addition and subtraction. The enabling signals
are the results of instruction decoding and are used to form
the gating terms,

In parallel addition, all the bits of both arguments enter
the adder at once, and all the bits of the sum or difference
are formed at once. Typical addition logic is shown in
figure 3-26,, using bits 27 through 31 as an example. The
generate terms, G " the propagate terms, PR, and the sum
bits, S,, are formed as follows:

Gn = Aﬂ Dn
R = A®D,
s, = K,@®mR,

The outputs to the sum bus are gated by enabling term
SXADD. The carry terms, K, are generated as shown in
the figure.

The arrowheads pointing to each K term block represent an
OR gate whose output is the appropriate carry term. Each
continuous iine, fouching the K and PR term biocks, repre-
sents an AND gate containing the terms touched by the

line and with its output at the arrowhead. From each group
of four adder stages a higher order carry, represented in the
figure by K27, is developed, and this term is used as the
carry into the next group of four stages. The truth table

for the A plus D operation is shown in table 3-2.

In the A minus D operation, the generate and propagate
terms are developed as follows:

G = A ND
n
PR, = A D+ NA ND
KSS1-KSS4
CCXRWD

TRACC1-TRACC4
CCXTRACC!

$24-527
CCXS/3

$0-53
CCXS/0

CC
FLIP-FLOPS
1121314

R/CC
ZEROS 9011724, 71

Figure 3-25. Condition Code Flip-Flop Register Inputs
and Enabling Signals
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7
A-REGISTER O
D-REGISTER 1

G27 G28 G29 G30 G3l
0 1 0 0 1

oo!g
=

—_—n

G28-G31
PR27 PR28 K28 PR29 K29 PR30 K30 PR31 K31
1 0 0 0 1 1 1 0 0
K27
\W‘ W ) ‘\/ \M&A;%d/
) PR28 PR31
SUM 0 o}

901172A.72

Figure 3-26. A Plus D Adder Logic

Table 3-1. Adder Operations

GATING TERM
OPERATION | ENABLING SIGNAL | PRXAD | PRXAND [PRXNAD | PRXNAND | GXAD | GXAND | GXNAD | K31
AD A ND NA D NA ND AD A ND NA D
A+D S/SXAPD X X X
A+D+1 % X X X
A-D S/SXAMD X X X X
A-D-1 t X X X
D-A S/SXDMA X X X
D-A-1 S/SXDMAMI X X X
AnD S/PRXAD X
NAnD S/PRXNAD X
AnND S/PRXAND X
AnD S/SXAQORD X X X
A+ D S/SXAEORD X
A S/SXA X X
D S/SXD X X
NA S/SXNA X X

(Continued)
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Table 3-1. Adder Operations (Cont.)

GATING TERMS
OPERATION | ENABLING SIGNAL | PRXAD | PRXAND | PRXNAD | PRXNAND | GXAD | GXAND | GXNAD | K31
AD A ND NA D NA ND AD A ND NA D
ND S/SXND X X
-A S/SXMA X X X
-D S/SXMD X X X
A+l S/SXAP1 X X X
D+ S/SXDP1 X X X
A-1 S/SXAMI X X X X
D-I S/SXDM1 X X X X

*Uses S/SXAPD with K31 set
"Uses S/SXAMD with $/K31 inhibited by raising N(S/K31)

Table 3-2. A Plus D Truth Table

The carry and sum bits are generated in the same manner as

in the A plus D operation. The truth table for A minus D is

A D G PR K s shown in table 3-16.
n n n n n n
Table 3-3. A Minus D Truth Table
No Carry
A D G PR K S
n n n n n
0 0 0 0 0 0
No Carry
0 1 0 1 0 1
0 0 0 1 0 1
! 0 0 ! 0 ] 0 1 0 0 0 0
] ] ! 0 0 0 1 0 I 0 0 0
1 1 0 1 0 1
Carry
, Carry
0 0 0 0 1 1
0 0] 0 1 1 0
1 1 1 0
° 0 0 ! 0 0 1 1
1 0 0 1 1 0 1 0 1 0 1 !
] 1 1 0 ] ] 1 1 0 1 1 0
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In the D minus A operation, the generate and propagate
terms are developed as follows:

G = NA D
n

PRn = A D+ NA ND

The carry and sum bits are generated in the same manner

as in the A plus D operation, with flip-flop K31 initially

set. The truth table for the D minus A operation is shown
in table 3-17,

Tabie 3-4. D Minus A Truth Table

A D G PR K S
n n n n n n
No Carry
0 0 0 i 0 1
0 1 1 0 0 0
] 0 0 0 0 0
1 1 0 1 0 1
Carry
0 0 1 1 0
1 1 0 1 ]
1 0 0 1 1
1 1 0 1 1 0

The logic for the D minus A minus 1 operation is the same
as for D minus A except that flip-flop K31 is not set.

In the AND, OR, and exclusive OR logic operations, no
generates or carries are formed, and the logic is developed
in the PR term. This PR term becomes the result, since the
sum is the exclusive OR of the PR term and a nonexistent
carry. The following equation for the A AND D operation
is typical of the logic operation in the adder:

PR =

n

A D _ PRXAD
n on

where PRXAD is the gating term for
A AND D

The adder is used to gate the outputs of the A- or D-
register, or the one's complement of these outputs, onto the
sum bus. The enabling signals are S/SXA, S/SXD, S/SXNA,
and S/SXND. In these cases, no generates or carries are
formed, and the logic is developed in the PR term as in the
logic operations. The following equation for A—=S,
enabled by signal S/SXA, is typical of this operation:
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A D PRXAD
n o n
+ A ND_ PRXAND
n n

where PRXAD and PRXAND are the
gating terms for A——=5

The two's complement of the A- or D-register output is
placed on the sum bus by enabling signal S/SXMA or
S/SXMD. The gating signals used for S/SXNA and S/SXND
are used in these cases, and flip-flop K31 is set. This is
equivalent to adding one to the one's complement of the
number in the register. Carries are generated in the same
manner as in the A plus D operation. The same propagates
are generated as in S/SXNA and S/SXND,

The A plus 1 and D plus 1 operations, enabled by S/SXAP!
and S/SXDPI, are performed by using the same gafing terms
as 5/SXA and §/SXD and setting K31, This is equivalent
to adding one to the number in the register. Carries are
generated in the same manner as in the A plus D operation,
The same propagates are generated as in S/SXA and S/SXD.

The A minus 1 and D minus 1 operations are performed by
using the same gating terms as S/SXNA and S/SXND and
developing generate terms. In the A minus 1 operation, the
generate and propagate terms are as follows:

G =

n

PR

n

AD + A ND
non non

il

NA D + NA ND
nn n o n

Since the D-register is not used in this operation, the terms
containing D are insignificant; therefore, a generate term
is developed When the A-register bit is true, and a PR term
is developed when the A-register bit is false.

Carries are generated as in the A plus D operation. The
truth table for A minus 1 is shown in table 3-18.

Table 3-5. A Minus 1 Truth Table

A G PR K S
n n n n n
No Carry
0 0 1 0 1
1 1 0 0 0
Carry
0 0 1 1 0
1 1 0 1 1
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In the D minus 1 operation, the generate and propagate
terms are as follows:

G

n

PR

n

AD + NAD
n n n n

A ND + NA ND
n o n n o n

Since the A-register is not used in this operation, the terms
containing A, are insignificant; therefore, a generate term
is developed when the D-register bit is true, and a PR term
is developed when the D-register is false. Carries are gen-
erated as in the A plus D operation. The truth table for D
minus 1 is shown in table 3-6.

SUM BUS. The sum bus is made up of 32 lines, SO through
S31. These lines receive inputs from several sources and
have several destinations. The use of the sum bus in the
arithmetic and control circuits is shown in the block
diagram in figure 3-14.

All the adder outputs are carried by the sum bus. Other
sources that feed the sum bus are the B-register, the P-
register, the C-register, and the 1/O data lines. Certain
individual bits of the sum bus are set by single setting
terms. All of the sum bus inputs and their enabling signals
are shown in figure 3-27.

CONTROL SIGNALS. Control signals used in the CPU fall
into three categories: timing signals, enabling or gating
terms, and control flip-flop outputs,

Timing signals are generated by oscillators of various fre-
quencies and from three CPU delay lines, The timing
signals are discussed in the section on CPU timing.

Enabling signals are generated from instruction decoding
and phase flip-flop outputs and are used to control the

basic adder operation. The enabiing signais are described
in the adder discussion. Gating terms are derived from
enabling signals, instruction decoding, and phase logic,

and are used to transfer groups of information bits in parallel
from one register or set of lines to another. The primary
gating terms in the CPU are shown in the diagrams of the
registers, the adder, and the sum bus.

Table 3-6. D Minus 1 Truth Table

D G PR K S

n n n n n
No Carry

0 0 1 1

1 1 0 0
Carry

0 0 1 ! 0

1 1 0 1 1

Control flip-flops are used extensively in the CPU control
circuits. Phase flip-flops and interrupt and trap flip-flops
are discussed elsewhere in the detailed theory. Other
important control flip-flops are described below. The
detailed logic of the control functions of these flip~flops is
described in the sequence charts for the instructions in
which they are used.

Flip-Flop AM. Flip-flop AM is the arithmetic mask flip~
flop in the program status doubleword. The fixed point arith-

 metic overflow trap is in effect when this flip=flop is set

{bit 11 of the current PSW1 is a one). The trap is not in
effect when the flip-flop is reset (bit 11 of the current PSW1
is a zero). Flip-flop AM is set by bit 11 of PSW1 during a
load or exchange program status doubleword instruction
{XPSD) or by inserting a one into bit 11 of PSW1 from the
PCP with the equation:

S/AM = S1T PSWIXS
R/AM = PSWI1XS
PSWI1XS= FAPSD PH4 + PCP5 KPSW1/B

Flip-Flops BCO, BCi. Fiip-fiops BCO and BCI are the byte
counter. The four states of the counter, 00, 01, 10, and 11,
are used in the alignment of bytes or halfwords in the A-
register or D-register before loading or storing takes place.
The counter states represent byte numbers as fol lows:

BCO BC1
Byte 0 1 i (I/0, 0-0)
Byte 1 | 0 (I/0, 0-1)
Byte 2 0 1 (I/0, 1-0)
Byte 3 0 0 (I/0, 1-1)
Halfword 0 1 0
Halfword 1 0 0

During input/output operation, the counter is set in the
reverse order from the CPU setting.

The byte counter contents are decreased by increments of
one to control shifting of the appropriate register right or
left eight bits at a time until the addressed byte or halfword
is aligned in the right or left end of the register.

The byte counter is set during halfword addressing instruc-
tions according to the state of flip-flop P32, which contains
the halfword number after index alignment has taken place.
The counter is set during byte addressing instructions
according to the states of P32 and P33, which contain the
byte number in binary form after index alignment. In 1/O
operation, P32 and P33 also reflect the byte count, but
receive the count from the byte count field in a private
memory register rather than from the effective address.

The counter is set in IOPH2 during I/O instruction and
during PH2 during modify and test instructions. The byte
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count is decreased by one with control signals BCDC1 and S/BC1 = PRE3 OU7 NPRE/34 NP33
BCDCO. The equations for the byte counter are as follows: L EAMT PH2 NRZ OU7 NP33
S/BCO = PRE3 NP32 Ol NPRE/34 + IOPH2 SW13 P33 NPRE/34
+ FAMT PH2 NRZ Ol NP32 + NBC1 BCDC!
i \ /
[OPH2 SW13 P32 NPRE/34 R/BCl = N(NBCX NCLEAR NBCDCI)
+ NBCO NBC1 BCDC!
Flip-Flops CC1 through CC4. Flip-flops CC1 through CC4
R/BCO = N(NBCX NCLEAR NBCDCO .p7Top g p=tiop 9
/ ( ) are condition code flip-flops which occupy bits 0 through 3
NBCDCO = N(BCDC1 NBCI BCO) of the program status doubleword. They are set during load
BCDC] = FUMMC PH6 or exchange program status doubleword instructions or
during load conditions and floating control instructions, or
+ IOPH2 SW15 from the PCP. During certain other instructions they are
+ NBCZ PRE4 set to indicate the nature of the results of the instruction.
Loading the condition code flip-flops in parallel as a
+ IOPH2 SW14 register is described in the paragraphs on registers.
ADDER INPUTS
r : 1
BO-B31 (B-REGISTER)
I
r SXB !
C0-C31 (C-REGISTER)
|
N SXC o
DAO-DA7 (10 DATA) P15-P31 (P-REGISTER)
l {
! SXDA 1 ! SXP 1
N(FASTABORT ENDE) P32 S0809XP NS16INH
P33 S0809XP N(FASTABORT ENDE)
NCCIXK23 N531$1NH
SUM BUS
0[1]213]4]5]6|7]8]9]10]11]12[13]14]15|16]|17]18]19]20|21]22|23]|24]|25]26|27|28|29{30|31
901172A.73

Figure 3-27. Sum Bus Inputs and Enabling Signals
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Flip-Flop DM. Flip-flop DM is the decimal mask flip-flop,
which occupies bit position 10 in the program status double-
word, The flip~flop is set by bit 10 of the sum bus during a
program status doubleword instruction or from the PCP as
follows:

PSW1XS S10
PSW1XS$

S/DM
R/DM

The decimal mask bit does not affect the operation of the
Sigma 5 computer. The bit position is used only to preserve
the status of the Sigma 7 decimal arithmetic fault trap mask
when a Sigma 7 program is being executed.

Flag Flip-Fiops FL1 Through FL3. These flip~flops are used
to store conditions during multiply, floating shift, divide,
and modify and test instructions.

Flip~flop FL1 stores the sign in floating shift and divide
instructions and serves with FL2 as part of a 2-bit extension
of the A-register during multiply instructions in case of
I/O intervention. The equations for FL1 are as follows:

RRO PRE3 + S30 MIT
MIT + CLEAR

S/FLI
R/FLI

"

Flip-flop FL2 serves, with FL1, as part of a 2-bit extension
of the A-register during multiply instructions in case of
I/O intervention. This flip-flop also stores the sign of the
shift count in a shift instruction. If FL2 is set, a right shift
is indicated. The equations for FL2 are as follows:

i

P25 PRE3 + S31 MIT
MIT + CLEAR

S/FL2
R/FL2

I

Flag flip-flop FL3 has four functions and is set and reset
according to the following equations:

S/FL3 = P31 PRE3 + FUSF/1 S0815Z S1631Z
B0OO31Z + K00 KOOHOLD + CC1XK23
R/FL3 = N[(FUSF PH8) + (FUS PH5)]

The four functions are:

a. Stores the state of P31, which contains the shift
count in a shift instruction. If FL3 is set, indicating an odd
shift count, a fixed point shift instruction starts out with a
1-bit right shift, then shifts right by twos.

b. Indicates that the mantissa equals zero in a
floating shift instruction (FUSF/1), Setting FL3 in this
instruction causes CC1 to be set (fraction normalized) and
CC2 to be reset (no characteristic underflow). Flip-flop
FL3 also generates FSHEX in a floating shift instruction
so that the instruction will exit from the shift operation
when the mantissa equals zero.

c. During doubleword arithmetic instructions and load
absolute instructions, stores a carry bit until the next phase
of the instruction. Flip-flop KOO contains the carry, and
KOOHOLD is driven true by FADW/1 PH1 or FALOAD/A
PH2.

d. Indicates a byte instruction in the family of modify
and test instructions. The equation for CC1XK23, the set-
ting term in this case, is as follows:

CCIXK23 = FAMT PH2 NINTRAP OU7

where OU7 defines byte addressing in modify and test
instructions,

Floating Mode Control Flip-Flops FS, FZ, and FNF, Flip-
flops FS, FZ, and FNF are floating significance, floating
zero, and floating normalize flip-flops and occupy bits 5
through 7, respectively, in the program status doubleword,
The outputs of these fiip~fiops are transmitted to the floating
poinf unit to be used for control purposes. The flip-flops
are set and reset by program status doubleword or from the
PCP (PSW1XS) and load conditions and floating controi
instructions (FCXS).

Flip-flop FS controls the floating point unit with respect to
floating point significance checking. The flip-flop is set
and reset as follows:

S5 PSWIXS + S29 FCXS
FCXS + PSWIXS

S/FS
R/FS

1

Flip-flop FZ controls the floating point unit with respect to
the generation of zero results. The flip-flop is set and
reset as follows:

S/FZ
R/FZ

S6 PSWIXS + S30 FCXS
FCXS + PSW1XS

i

1l

Flip=flop FNF controls the floating point unit with respect
to the normalization of the results of floating point additions
and subtractions. The flip-flop is set and reset as follows:
$7 PSW1XS + S31 FCXS

FCXS + PSWIXS

S/FNF
R/FNF

Flip-Flop IA. Flip-flop IA is the indirect address flip-flop,
used to control indirect addressing during instruction prepa-
ration phases. The flip-flop is set during phase PRE1 if bit
position zero of the instruction word contains a one as
follows:

S/IA CO PREI

R/IA ..
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If flip-flop IA is set during an immediate instruction, signal
FAILL is generated from IA and FAIM (immediate family)
to start a trap sequence for the nonexistent instruction
category. In this case, the trap routine is entered because
an immediate instruction may not be indirectly addressed.

The 1A outputs are used to control memory access during
the preparation phases to read the indirect address from
core memory, Signal BRPRE2, which causes preparation
phase PRE2 to repeat, is qualified by a one in IA, Signal
IA also helps to control the timing of the adder during
addition of the contents of the A- and D-registers for
indexing if the instruction is indirectly addressed. During
an analyze instruction, signal IA is used to set condition
code flip-flop CC3 to indicate indirect addressing.

Interrupt Group Inhibit Flip=Flops CI, 1I, and EI. Flip-flops
Cl, II, and EI are interrupt inhibit flip-flops and occupy

bit positions 37 through 39 in the program stafus doubie-
word. If any of these flip-flops contain a one, the associ-
ated interrupt is inhibited. Zeros in these flip-flops permit
the associated interrupts to occur.

The flip-flops are set with the PCP switches or a load or
exchange program status doubleword instruction (PSW2XS)
or a write direct instruction (INHXWD). A write direct
instruction sets the interrupt inhibits in the internal mode
when bit positions 26, 27, and 29 through 31 contain ones.
A one in bit 29 sets flip-flop CIF; a one in bit 30 sets flip-
flop 1I, andaone inbit 31 sets flip-flop EI. A write direct
internal mode instruction resets the interrupt inhibit flip-
flops with a zero in bit 27, a one in bit 26, and ones in
the desired interrupt bit positions (29 through 31).

Flip-flop CIF, bit position 37 in the program status double~
word, is the counter interrupt group inhibit flip-flop and
allows or prevents the four counter-equals-zero groups of
interrupts. The equations are as follows:
S/CIF = S5 PSW2XS + INHXWD B27 B29
INHXWD CCXRWD B26 + OLD
CCXRWD FARWD B1619Z PHI

R/CIF = INHXWD B29 + PSW2XS

where FARWD is the read/write direct family and B1619Z
indicates that bit positions 16 through 19 of the instruction
word contain zeros (internal mode).

The false output of the CIF flip-flop is used to keep signal
ENCNTR from enabling the counter-equals-zero interrupt
levels as follows:

ENCNTR = NCIF NHRQBZC (R89 + RI1011)

Flip-flop II, bit position 38 in the program status double-
word, is the input/output group inhibit flip-flop and allows
or prevents the input/output and the control panel interrupts.
The equations are as follows:
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The false output of flip-flop 11 is used to keep signal ENIO
from enabling the input/output and control panel interrupts
as follows:

ENIO = NII NHRQBZI (R1213 + R1415)

Flip-flop EI, bit position 29 of the program status double-
word, is the external interrupt group inhibit flip-flop and
allows or prevents the 14 groups of external interrupts. The
equations are as follows:

S/El
R/EI

S7 PSW2XS + INHXWD B27 B3t
B31 INHXWD + PSW2XS

The faise output of fiip-fiop EI is used to keep signai DATZ9
from enabling the external interrupt levels as follows:

DAT29 = NEI NEWDM + ...

Flip=Flop IX. Index flip=flop IX is used to control indexing
in the instruction preparation phases. The flip-flop is set
in phase PRE! if the index field of the instruction word is
nonzero. The equations are as follows:

S/IX = INDX PREI
INDX = (Cl12 + C13 + Cl14) (C3 + C4 + C5)
R/IX = PRE/12 + CLEAR

The second AND gate on the INDX term is used to prevent
indexing in instructions that may not be indexed.

The IX outputs are used to control the adder logic during
the preparation phases when the contents of the A- and
D-registers are being added.

Flip-Flop IXAL. Index alignment flip-flop IXAL is used to
control register alignment according to byte, halfword, and
doubleword addressing during indexing operation. The flip-
flop is always set in PRE1 when the instruction is indexed
unless word addressing is being used. The equations are as
follows:

S/IXAL = PRE! INDX (FAHW + FABYTE + FADW)
NCLEAR

R/IXAL =

The IXAL outputs are used to control the right or left shifting
of the A-register in preparation phase PRE2 so that the index
displacement value is correctly lined up with the word in
the instruction register. (See the indexing discussion in the
section on preparation phases.) Signal IXAL is also used to
enable setting P32 in PRE2 during halfword operation.

Flip-Flop NMASTER. Master/slave mode control flip-flop
NMASTER occupies bit position 8 in the program status




SDS 901172

doubleword. The computer is in the master mode when this
bit contains a zero and in the slave mode when the bit
contains a one.

The flip-flop is set either from the PCP or with a load or
exchange program status doubleword instruction as follows:

S/NMASTER
R/NMASTER

S8 PSWIXS
PSWIXS

The outputs of the NMASTER flip~flop are used with signal
FAPRIV (family of privileged instructions) to set trap flip~
flop TRAP and trap accumulator flip-flop TRACC3. Setting
TRAP causes the program to trap to location X'40' because
of a nonallowed operation. Signal TRACC3 causes con-
dition code flip-flop CC3 to be set when an exchange
program status doubleword instruction is executed as the
result of the nonallowed operation trap.

Switch Fiip-Fiops SWO Through SW15. Switch flip-flops
SWO through SW15 are used to define certain states in the
CPU and to define subphases during CPU instruction execu-
tion and integral 1OP service. The functions of switches
SWO through SW7 are listed below:

a. SWO

1. Indicates that S is not equal to zero in float=-
ing point, load absolute, and some doubleword instructions.

2. Indicates that proceed signal PR was not
received in I/O instruction execution.

3. Indicates zero byte count in the integra! 1OP
service operation.

b. SWI

1. Indicates space count overflow or underflow
in stack instructions,

2. Indicates order in or order out during integral
IOP service operation,

c. SW2

1. Indicates nonzero value in the R-register
during modify and test instructions.

2. Indicates space count equals zero in stack
instructions.

3. Sustains PH4 until control strobe signal is
received during /O instruction execution.

4. Indicates order out or data out during integral
IOP service operation.

d. SW3

1. Indicates word count overflow or underflow in
stack instructions.

2. Stores the state of P23 for IOP address purposes
in 1/O instruction execution.

3. Stores terminal order condition during integral
IOP service operation.

e. SW4

1. Indicates word count equals zero in stack
instructions.

2, Indicates data chaining during integral IOP
service operation.

f. SW)
1. Stores the trap-on=~space inhibit bit in stack

pointer doubleword during stack instructions.

2. Indicates indirect addressing in analyze
instruction.

3. Stores the state of P21 for IOP address purposes
in I/O instruction execution.

4, Indicates transfer in channel condition during
integral IOP service operation.

g. SWé

1. Stores the trap-on-word inhibit bit in the stack
pointer doubleword during stack instructions.

2, Stores the state of P22 for IOP address purposes
in I/0O instruction execution.

3. Controls interface end data signal ED during
integral IOP service operation.

h, SW7

1. Distinguishes between modify stack pointer and
other instructions in stack family.

2. Indicates positive sign in load absolute word
or doubleword instructions.

3. Stores function strobe leading acknowledge
signal FSL or available output priority signal AVO during
I/O instruction execution.

4. Controls end service signal ES during integral
IOP service operation.
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Switch flip-flops SW8 through SW15 define subphases in
instruction execution and integral IOP service operation.
The flip-flops are set sequentially by step signail STEF8iS.
They may also be set as specified in the individual instruc-
tions or 1/O operations by branch signals such as BRSWS,
The following is a typical equation for these flip-flops:

S/SW11 = NRESET BRSWI11 + SWI10 STEP815

Flip-Flops WKO, WK1, Write key flip-flops WKO and WK1
occupy bit positions 34 and 35 in the program status double-
word. These flip-flops contain the 2-bit write key used
with the 2-bit write locks stored in the memory protection
registers for each page of memory addresses. In order to
read from the addressed memory location, the write key in
the program status doubleword must match the write lock
stored for the page containing the addressed memory loca-
tion. The write key flip-flops are set from the PCP or by a
program status doubleword instruction as follows:

SAWKO = 52 PSW2XS
RAWKO = PSW2XS
S/MWKI = S3 PSW2XS
R/WKI = PSW2XS

The write key outputs are compared with the memory pro-
tection register outputs LCKO and LCK1, and if a mismatch
is detected where both are non-zero, a trap sequence is en-
tered. The detailed logic of the write keys and write locks
is given in the paragraphs on memory protection.

PRIVATE MEMORY REGISTERS. The private memory
registers are located on a set of FT25 fast access memory
modules. The registers are installed in blocks of 16,
numbered register 0 through F in hexadecimal notation, as
shown in figure 3-28. Each register contains a 32-bit word.

A maximum of 16 private memory blocks may be installed

in the computer. Each block is assigned a page number, 0
through 16, and is addressed by the RP-register with codes
from 0000 to 1111. Page O is included in the standard
computer; pages 1 through 15 are optional.

Each private memory block consists of four FT25 fast access
memory modules. The distribution of the words among the
four modules is shown in block diagram form in figure 3-29.
Each module contains one byte of any given word.

One FT25 module contains 16 SDS 304 8-bit integrated
circuit memory elements. A simplified diagram of a single
memory element is shown in figure 3-30. Although not
shown in the diagram, the control, address, and Ve inputs
are applied to all flip-flops in the element.

Each bit of the element is addressed individually by the
address lines on pins 2, 3, and 4. The 3-bit address code
selects one of the eight flip-flops. The control line, also,
contains address information. When the control line is false,
the states of all bits in the memory element remain un-
changed, regardless of the state of the read-write clock.
When the control line is true, bits of the element may
change state if the read-write clock is true. When a con-
trol line is false, the data output lines from all flip-Fflops
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under the control of that line are high. All the date output
lines in one memory element are connected in parallel. The
oufpui tines f1um e iwo emory elements representing ene
bit on a module are also connected in parallel. Using this
arrangement, it is possible to combine address and control
lines to select the memory element and the flip-flop within
the memory element that controls any one data output line.

The arrangement of bits in the memory elements on one FT25
fast access memory module is shown in figure 3-31. The
module shown contains byte 0 of the standard private mem-
ory block, designated page 0. Each of the 16 memory
elements contains eight corresponding bits in eight registers.
The data, address, and write clock signals are interpreted
as follows:

W /RFOBO,/0
/ TH\\
WRITE PAGE O BYTEO BITO
L/RPOBO/X
L

\ N\

ADDRESS PAGE O BYTE QO /1 through /5
(bit selection)
K /RPOBO
._,_,L,,\
CLOCK PAGEO BYTEO

Input and output data signals for the four modules in a
memory block are shown in figure 3-32. Address lines in
the four modules are identical.

Individual bits in each memory element on the F125 mod -
ules are selected by address lines LR28 through LR31. As
indicated in figure 3-31, a memory element contains a
corresponding bit for each of eight registers. Dividing the
memory elements into two sets of eight, as shown in figure
3-31, the three least significant bits (LR29, LR30, and
LR31) select one of eight registers in each set (see figure
3-33). Address line NLR28 gates information into the
memory elements containing registers 0 through 7, and
LR28 gates information into the elements containing
registers 8 through F. Signal NIOFM, indicating that /O
fast memory is not being addressed, is connected to both
control line gates. The gating signal is connected to the
control line input of every memory element. The total
effect of the LR28 through LR31 address lines is to select
one of 16 registers for input or output of data. Gating
signals RP24 through RP27, which designate the private
memory page, are taken from the RP-register. Since each
memory block is equivalent to one page, all four FT25
modules in one block receive the same code from the RP-
register and are enabled at one time. The RP lines for the
module in figure 3-31 contain NRP24 through NRP27,
which select page 0000.
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REGISTER
NUMBER

31

31

31

31

31

31

31

31

31

31

31

31

31

31

31

901060A. 3350

Figure 3-28. Private Memory Register Block
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|
I FT25 FT25 FT25 FT25
REGISTERO (O 718 15{16 23124 31
| | i '
I
[ ! ' |
l ' ' |
REGISTERS | : : | I
1 THRU E ! , : |
i I
| | |
| ! ! |
L I ! I |
REGISTER F 0 718 15116 23124 31
BYTE O BYTE 1 BYTE 2 BYTE 3
901060A, 3351
Figure 3-29. Word Distribution in Private Memory Block
ADDRESS
CONTROL ' ! Vee
1 o) 4 wh_
rr""-"""-"="-—-"—-"""=—-"">”-= /" - - —/ ]
| MEMORY ELEMENT |
] 16 DATA
DATA 7, - ; — OUTPUT
INPUT® >
B l_ [_ i
' s 1 s - s - 15 ! I
I FF FF FF FF |
c C c C
I T |
| R 0 R 0 R 0 R 0 |
ReAD- g | 4|
WRITEP—| |
CLock |
|
! |
| 5 ! s 1 s 1 s 1
I FF FF FF FF |
| C ¢ Lc —{C |
| R 0 R 0 R 0 R 0 '
I |
| |
| |
L - _ _ J

901060A, 3352

Figure3-30. SDS 304 Memory Element, Simplified Diagram
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ADDRESS LINES TO ALL ELEMENTS
SELECT ONE OF EIGHT BITS
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NRP27
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L/RPOBO/3 I/RPOBO/4 L/RPOBO/5
(LR29) (LR30) (LR31)
W/RP0OB0/0 -
(RW0) l > RRO
\ 4
BIT O BIT O
REGISTERS | REGISTERS
— 0-7 7y - 8-F
SDS 304 SDS 304
W/RPCBO/1
(RW1) l —» RRI
\ 4
BIT 1 BIT 1
REGISTERS | REGISTERS
—’ 0-7 ‘ . 8"F
SDS 304 SDS 304
W/RPOBO/2
(RW2) l —3 RR2
BIT 2 BIT 2
REGISTERS »| REGISTERS
— 0-7 < 7y »| 8-F
SDS 304 SDS 304
W/RPOBO/3
(RW3) l $» RR3
BIT 3 BIT 3
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_— 0-7 vy > 8-F
SDS 304 SDS 304
W/RPOBO/4
(Rw4) l > RR4
BIT 4 BIT 4
REGISTERS | REGISTERS
> 0-7 < 7 Y > 8-F
SDS 304 SDS 304
W/RPOBO/5
(RWS) l —> RRS
BIT 5 © BITS
REGISTERS »| REGISTERS
—> 0-7 Y e 8-F
SDS 304 SDS 304
W/RPOBO/6
(RW6) l » RRS
A 4
BIT 6 ] »| BIT6
REGISTERS REGISTERS
-— 0-7 ? r< 8-F
SDS 304 SDS 304
W/RPOBO/7
RwW7) l ‘ > RR7 |
BIT 7 BIT7
REGISTERS —®] REGISTERS
— 1, 0- 8-F
L/RPOBO/1 _ 7 >
(CONTROL LINE) | ¢ps 304 $DS 304
K/RPOBO
(REGISTER WRITE
SIGNAL RWBO AND
PRIVATE MEMORY
CLOCK
-
L/RPOB0,/2
(CONTROL LINE)
LR28 —
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INPUT
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(8 PER
MODULE)

REGISTER-WRITE

[——» RR8-RRI5

————— RR16~RR23

———— RR24-RR31

OUTPUT
DATA

—~ LINES

(8 PER
MODULE)

ENABLING
SIGNAL
RWO-RW7 Pl FT125
REGISTER-WRITE BYTE
ENABLING 0
SIGNAL
RWB]——;
RW8-RW15 P ET25
REGISTER-WRITE BYTE
ENABLING P !
SIGNAL
RWB2 —-————-1
RW16-RW23 »  FT25
BYTE
REGISTER-WRITE| ”
ENABLING
SIGNAL
RWB3 _‘__j
RW24-RW31 FT25
- BYTE
__’ 3
CK

(PRIVATE MEMORY CLOCK)

901060A, 3354

Figure 3-32. Private Memory Data Organization
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LR28  LR29 LR30 LR3I
SELECTS 0 0 0 0 8BITSIN
REGISTER THROUGH  REGISTERS
SET 0-7 0 11 1 0-7
SELECTS 1 O o o B8BITSIN
REGISTER THROUGH  REGISTERS
SET 8-F | 1o 1 8-F
901172A.75

Figure 3-33. Bit Addressing on FT25 Module

Address signals LR28 through LR31 are generated, in general,
from either the R-register or the D-register. The R-register
contains the number of the private memory register tc be
addressed and is used whenever no crossover occurs. The
equation is as follows:

LR28-LR31 = R28-R31 (LRXR) + ..

Crossover takes place when a core memory location with
an address of less than 16, is addressed. During crossover,
LR28 through LR30 are taken from the P-register with the
equation

LR28-LR31 = (P28-P31) CROSSEN + ...

In cases of doubleword or multiple word operation, LR31

is generated from other sources either to select on odd-
numbered register or to implement the function Rul, as
explained in the discussions on individual instructions.
During the indexing operation, the private memory address
is taken from bits 12 through 14 (the index field) of the
D-register:

LR29-LR31 = DI12-D14 LRXD + ...

The equation for the register-write byte signal is as
follows:

RWBO-RWB3 = RW + (MBOCRO-MB3CRO)

where RW is a register-write enabling signal and MBOCRO-
MB3CRO are signals indicating crossover from core memory.
The CK clock signal, gated with the write byte signals, is
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the private memory clock which comes true later than the
ac clock signal.

Data signals are gated from the sum bus into the private
memory as follows:

RWO-RW31 = S0-S31 RWXS

Register Extension Chassis (REU). A register extension
chassis may contain up to 16 FT25 fast access memory
modules and adds from one to four blocks of additional
private memory to the central processor. Since one block
of private memory requires four FT25's, these modules in
the register extension chassis must be added in multiples
of four. Up to three register extension chassis may be
added to the computer, making a maximum of 16 private
memory blocks, including the four blocks in the CPU,

Additional modules in the REU provide cable drivers and
receivers, terminators, chassis-selection switches and
switch comparators, and logic circuits for selection and
conversion of addresses and data signals. A simplified
logic diagram is shown in figure 3-34.

Address, data, and control signals are transmitted from the
CPU on cables and applied to cable receivers in the
register extension unit. The data cables, being bidirec-
tional, also have cable driver inputs from the REU. Clock
signals are taken from the private memory clock circuit,
CK/6, in the CPU, The nomenclature, functions, and de-
coding of the interface signals between the CPU and the
REU are given in table 3-7.

Each register extension chassis is assigned an address
from 01 through 11 by manually setting switches S3-1
and 52-2 on the LT26 switch comparator module in the
desired configuration, with 52-2 as the least significant
bit. The outputs of the switches are designated SWII for
$3-1 and SWI2 for S2-2. A MATCH signal is generated
in the selected REU by comparing the switch signals with
the chassis-selection bits in the address as follows:

MATCH = N(SWI1 NREUT + NSWII REUI

+ SWI2 NREU2 + NSWI2 REU2)

This MATCH signal is applied to an AND gate containing
another input, NREUZ, indicating that page O is not being
addressed, and the AND gate output, REUSEL (register
extension unit select) is connected to all of the FT25
modules in the selected register extension unit.
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Figure 3-34. Register Extension Chassis, Simplified Logic Diagram
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Table 3-7. REU Interface Signals

Input Cable Function Cable Receiver Output Address Decoding
/LR24/ Address REU1 Three chassis (in addition to one 4-
/LR25/ Address REU2 module set in CPU)
/LR26/ Address PAGO Four 16-register blocks in a chassis
/LR27/ Address PAGI1
/LR28/ Address WDAO or WDBO Two sets of 8 memory elements on an
FT25
/LR29/ Address WDAT1 or WDBI
/LR30/ Address WDA2 or WDB2 Eight flip-flops in a memory element
/LR31/ Address WDA3 or WDB3
/RRWO- Data Cable receiver output:
RRW31/ WRO-WR31
Cable driver input:
FDO-FD31
RDBO-RDB3
/RWB0-~ Write byte WRBO-WRB3
RWB3/

Address lines LR26 and LR27, designated PAGO and PAG]
in the REU, are decoded to select one of four blocks

in the selected REU. A simplified logic diagram of
page 0 of the selected REU, a typical connection, is shown
in figure 3-35. The datq, address, and clock signals are
interpreted as follows:

W/P0BO/0
/poB0/A

N T~
WRITE BLOCK O BYTEO BITO

L/POBO/X
Lo

N TT—
ADDRESS BLOCK O BYTEO /1 through /5
(bit selection)

K/P0 BO
e
\ N
CLOCK BLOCKO BYTEO

Within each register extension unit, the blocks are indivi-
dualtly numbered 0 through 3.

Read byte signals RDBO through RDB3 are generated when

the switch settings match the chassis-selecting address lines
and when the write byte signals are low, as shown in

3-50

figure 3-35. The SWO1 term is added to save power by
turning off circuits in the unselected REU's.

Data is gated from the sum bus into the private memories
in the CPU and in the REU as follows:

RWO-RW31 = S0-S31 RWXS/0 through RWXS/3
(CPU private memory)

/RRWO/-/RRW31/ = $0-S31 RRWXS/0 through
RRWXS/3

(cables to REU)

3-24 Clock Logic
CLOCK GENERATOR. The clock generator in the CPU

consists of three delay lines with associated gates and sense
amplifiers to tap off pulses at the desired time intervals.
Four basic types of clock signals are produced: a 40 nsec
ac clock signal for trailing edge triggering of flip-flops
throughout the CPU, a 40 nsec ac clock signal for use in
the floating point unit, a 50 nsec private memory clock
signal to gate information into the private memory registers,
and a 50 nsec dc holding signal to clock data info the C-
register buffer flip-flops. The C-register flip-flops are
latching circuits and do not use an ac clock signal.
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A simplified block diagram of the clock generator is shown
in figure 3-36. Only the basic timing functions are shown.
Gating, latching, pulse shaping, enabling, and other tim-
ing control functions are shown in detail later in this section.
All clock signals except the first one originate with a re-
circulated clock input to delay line 1. A 40 nsec clock
pulse is tapped off at the zero point on the delay line and
is gated to clock drivers, from which the clock signals are
distributed to the CPU and floating point unit flip-flops. At
the 160 nsec tap, a signal is sensed and applied to the gate
that produces a dc holding clock for the C-register during
transfer of the sum outputs to the C-register.

From delay line 1, outputs are taken from the 180 nsec

or the 210 nsec tap, depending on the state of data request
flip-flop DRQ, to the input of delay line 2. Taps are
taken from this delay line according to the time interval
needed between one clock pulse and the next. These taps
are indirectly controlled by flip-flops T8L, T11L, and
signal T5EN, which is true when T8L and T11L are false.
The control signal used is selected according to the number
of logic operations to be performed before another clock
signa! is needed.

The T5, T8, and T11 outputs from delay line 2 are fed to
delay line 3, from which the private memory clock signals
are tapped at the zero point. A pulse tapped at 40 nsec is
fed back to the input to delay line 1, and the clock cycle
is started again if an enable signal is true. If the enable
signal is false, the pulse is held in o latching circuit until
the clock enable signal rises.

The ultimate clock intervals are affected by circuit and
cable delays following the delay line taps. Each clock
signal is transmitted through an 18-foot, 14~conductor co-
axial cable and a 3-foot single-conductor cable. These
cables introduce delays in addition to those encountered in
the clock logic circuits.

Timing signals other than ciock signais taken from the
delay lines are applied to gates in the CPU and are dis-
cussed in the following detailed descriptions of each
delay line.

Delay Line 1. A detailed logic diagram of the circuits
associated with delay line 1 is shown in figure 3-37.

The first pulse is started down the delay line by force clock
signal FORCL if force clock enable signal FORCLEN is
true. Signal FORCL goes true as a result of pressing the
CPU RESET button on the processor control panel. Enable
signal FORCLEN is true until the pulse reaches the 60 nsec
point. The equation for buffer flip-flop FORCLEN is as
follows:

NFORCLEN = FORCL NFORCLEN
+ DL1/060S FORCL

Subsequent inputs to delay line 1 are provided by recircu-
lation feedback signal ACCLG/1, from delay line 3, or by
ACCLG, the output of a latching circuit set by ACCLG/1.

Clock enable signal CLEN must be true for either input to
start the delay line. Since clock pulse ACCLG/1 is lost
when CLEN is false, ACCLG reserves the signal for use
when CLEN goes true,

The CPU and floating point clock tap is ACCL/1, which
rises as the delay line is triggered and is cut off by an
inverting delay line sensor at 40 nsec. This shapes the ac
clock pulse to a 40 nsec width. The CPU clock signais,
CL/1 through CL/12, and floating point clock signals,
CLFP/1 through CLFP/12, are gated by NCROSCL, which
indicates that crossover from core to private memory is not
taking place. The floating point clock signals are also
gated by floating point clock enable signals FPCLEN/1
and FPCLEN/2, whose equations are:

FPCLEN/1 NIOEN NIOIN + NFPRR

FPCLEN/2 NTSEN

At the 50 nsec point on delay line 1, a signal is tapped
and inverted to form R/ACCLG, which when low resets
clock=storing latch ACCLG. Signal DL1/060S, taken from
the 60 nsec tap, is used to set the force clock buffer latch.
The inverted tap at 80 nsec shapes the delay line pulse to
an 80 nsec width, The 160 nsec tap provides dc holding
signal DCCL/2, an input to the HOLDC gate which controls
the latching of information into the C-register buffer flip-
flops. Signal DCCL/2 is true only when CXS is true,
indicating that sum bus information is being transferred to
the C-register. This signal is shaped to a 50 nsec width by
the inverted 210 nsec tap. Signal R/DPL, at the 170 nsec
tap, is used to reset dead pulse latches TSDP, NT5DP/1,
and T8DP, explained later under delay line 2. Signal
CROSSDCL, also from the 170 nsec tap, is part of the set-
ting logic for the CROSSD latching circuit, which disables
the ac clock during memory crossover operation,

A signal from the 180 nsec point and one from the 210 nsec
point are applied to the input of delay line 2 to provide a
30 nsec variation in clock time, depending on whether data
request flip-flop DRQ is set, Signal MRCL, at the 240 nsec
point, is used to gate the memory request signal to core
memory.

Delay Line 2. A detailed logic diagram of delay line 2 is
shown in figure 3-38. As explained above, DL2 is set at
180 or 210 nsec according to the state of flip~flop DRQ.
Timing signal T5 is tapped off at the zero point if T5 enable
signal TSEN is true and crossover is not taking place as the
result of a memory request. Signal T5 is fed to delay line 3
so that the clock interval during an instruction phase when
T5EN is true is nominally 280 nsec. The T5 enable signal
is true when flip-flops T8L and T11L are reset and instruc-
tion logic indicates that this clock interval is needed.
Dead pulse latch T5DP prevents the T8, T11, and DCCL/1
outputs from the delay line from going true after a T5 pulse
has been tapped.
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Figure 3-36. Clock Generator, Simplified Block Diagram
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Figure 3-37. Delay Line 1, Logic Diagram
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Figure 3-38. Delay Line 2, Logic Diagram
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A T8 timing signal is tapped from delay line 2 at 70 nsec
and fed to delay line 3 to provide a nominal 380 nsec in-
terval between ac clock signals when crossover is not taking
place. When flip-flop T8L is set at the end of an instruc-
tion phase, T5EN is driven false, and this drives TBEN true
if TIIL is reset and other instruction logic requests this par-
ticular clock interval. Dead pulse latch TBDP prevents the
T11 and DCCL/1 outputs from the delay line from going true
after a T8 pulse has been tapped. An ABOT signal from the
110 nsec tap clocks buffer flip-flop ABO/1, used when a
memory access has been aborted.

At 180 nsec, dc hold signal DCCL/1 goes true and.is shaped
to 50 nsec by the inverting delay line sensor at the 230
nsec tap. This clock signal gates information into the C-
register during crossover operation, when crossover read
signal CROSSENR is true.

A T11 timing pulse is tapped from delay line 2 at 200 nsec
and fed to delay line 3 to provide a nominal 500 nsec in-
terval between ac clock signals.  This pulse is allowed if
no T5 or T8 pulse has been enabled. Flip~flop T11L, set
during instruction phases when the following phase should
be nominally 500 nsec long, is used to disable the T5 and

T8 enable signals.

Delay Line 3. A detailed logic diagram of delay line 3 is
shown in figure 3-39. A T5, T8, or T11 timing pulse starts
a pulse down delay line 3. This pulse is shaped to 80 nsec
by an inverting delay line sensor at 80 nsec. At the zero
point on the delay line, FMCL/1 is tapped off and is shaped
to 50 nsec by an inverting delay line sensor at 50 nsec.
Signal FMCL/1 is applied to clock drivers to produce
private memory clock signals CK/1 through CK/12, used

to clock information into the private memory registers. At
40 nsec, clock generation signal ACCLG/1 is tapped off
and fed back to the input of delay line 1 to start another
clock pulse cycle if clock enable signal CLEN is true, The

pulse from deiay line 3 is shaped to 40 nsec by an inverting .

delay line sensor at the 80 nsec tap. Signal ACCLG/1 is
applied to a buffer latch, where the pulse is stored as
ACCLG in case CLEN is false. Signal ACCLG is gated
into delay line 1 by signal CLEN. The ACCLG latch is
reset by signal (R/ACCLG) from delay line 1. A signal
identified as (NAH AHCL) is tapped at 150 nsec if there
is no address here signal from core memory. Memory ad-
dress not here clock ADNHC is tapped at 300 nsec from
delay line 3.

Clock Enable Signal. As explained above, recirculated
clock pulse ACCLG/1 sets delay line 1 only if clock enable
signal CLEN is true. This signal is the output of a six=input
AND gate, and all of the inputs must be true in order to
generate signal CLEN,

To illustrate the functions of the clock-enabling gates, the
equation for CLEN is divided into sections in figure 3-40.
The function of each section is described separately.

Gate 1 disables the ac clock signal if none of the following
conditions exist:

a. Data request flip-flop DRQ reset
b. DRQ set and data release signal DR received
¢. DRQ set and data release latch DR/1 set

d. DRQ set, no memory request sent to memory, and
CPU RESET switch not pressed

An example of the ac clock inhibiting logic during a mem-
ory cycle is shown in figure 3-41, using a full write store
operation as an example, On the trailing edge of the clock
signal, flip=flops MBXS, MRQ, MRC, and DRQ are set, As
soon as DRQ is set, clock enable signal CLEN is driven low
by gate 1. Memory request clock signal MRCL is tapped
from delay line 1 240 nsec later, and /MQC/ is sent to
memory. The ac clock generate latch, ACCLG, is set at
50 nsec on delay line 3 to store the clock pulse while
CLEN is low. Data release signal DR is received from
memory afier /MQC/ is sent. This re-enabies CLEN at
gate 1, and CLEN plus ACCLG at the input to delay line 1
starts another pulse down the delay line.

A logic diagram of data release latch DR/1 is shown in
figure 3-42. The latch is set by one of the fotlowing
conditions:

a. Address here signal not received from core memory
at 150 nsec on delay line 3

b. Effective address less than 16 (crossover), memory
request and data request made, and T11 clock signal

¢. Memory request made and data release signal
received from memory

The latch is held by feedback to the AND gate containing
DRQAC and NRESET/F. Signal NRESET/F is dropped by
pressing the CPU RESET switch, thereby resetting the data
release latch., The latch is also reset at the first clock
signal following the setting of data request flip-flop DRQ.

Outputs from the DR/1 latch are also used in the circuits
that enable or disable the ac clock and floating point ciock
outputs from delay line 1 during crossover operation.

Gates 2 and 3 disable the CPU clock signal during parts of
the I/O operation. If no input or output is taking place,
request service clock enable signal RSCLEN is false, holding
the output of gate 2 true. During an 1/O instruction,
RSCLEN goes true, disabling the NRSCLEN gate. In this
case, since request strobe acknowledge signal RSA has not
been generated, (RSCLEN NRSA) is true and the ac clock
signal is disabled until request strobe signal RS is received
from the device controller. When RS is received, clock
enable signal CLEN is again generated, and the resulting
clock signal resets flip~flop RSCLEN,

At the end of an 1/O operation, when the last byte is being
transferred, flip-flop RSACLEN is set as the result of a
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Figure 3-39. Delay Line 3, Logic Diagram
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Figure 3-40. Clock Enabling Gates
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Figure 3-41. Store Operation Timing Diagram
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Figure 3-42, Data Release Latch, Logic Diagram

terminal order. This disables the NRSACLEN gate, and the
clock signal is inhibited. Since RSA is set at this time, the
clock signal is inhibited until the fall of signal RS dc resets
flip-flop RSACLEN. At this time, CLEN is developed, and
a clock is generated,

Gate 4 inhibits the clock signal during interrupts and
watchdog timer runout. During watchdog timer runout,
CEINT ensures that a clock has not just been sent down

the delay line. During interrupt processing, CEINT inhibits

the clock signal until action response signal ARE is received

from the interrupt logic.

Gates 5 and 6 are used to disable the clock signal when the
CPU CLOCK MODE switch goes into the center position.
They also provide a temporary clock enabling signal when
the CLOCK MODE switch is set to SINGLE STEP. A timing
diagram of this single clock type of operation is shown in
figure 3-43.

When the CLOCK MODE switch is set to the center position,

signal KSC goes true and the output of gate 5 drops, driving
clock enable signal CLEN low. Setting the CLOCK MODE
switch to SINGLE STEP drives KC true and KSC remains
true. Because flip~flop SC1 is clocked by the 1-MHz clock
signal rather than by the continuous delay line clock signal
enabled by CLEN, SC1 is set on the trailing edge of the
following clock signal from the 1-MHz oscillator. The
equations for flip—flop SC1 are as follows:

S/SCl KSC KC

R/SCH NKC/B SCL + NKSC

n
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where NKC/B is true when the CLOCK MODE switch is in
the CONT or center position and false in the single step
mode. Signal SCL is the output of a buffer latch used to
disable CLEN after a single step clock signal has occurred.

Flip-flop SC2 sets on the trailing edge of the next 1-MHz
clock signal, and the output of gate 5 goes true, generating
an ac clock signal. The equations for SC2 are as follows:

S/SC2

i

SC1

R/SC2

il

NSC1

Setting SC2 sets single clock buffer latch SCL when the
clock enabled by CLEN is generated, according to the
equation:

SCL = SCL SC2 + (SC2 NCEINT) CL32P14

where CL32P14 is the result of a clock output from the
delay lines. Signal SCL is latched by feedback as long as
the switch is kept in the SINGLE STEP position, and signa!
CLEN is disabled by gate 6. Releasing the switch resets
SC1 with NKC/B and SCL, and SC2 is reset on the follow-
ing 1-MHz clock signal. Signal CLEN is now disabled by
gate 5 until the switch is set in SINGLE STEP again.
Resetting SC2 drops the latch holding SCL true.

Crossover Clocks, When an effective address less than 16
generates a CROSSADD signal, the ac clock signal from
delay line 1 is disabled by gating ac clock output ACCL/1
with a crossover signal, NCROSCL. When NCROSCL is
low, ACCL/1 does not produce any clock signals, and the
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fast memory clock signals from delay line 3 are used to clock
the private memory registers. The equation for NCROSCL is
as follows:

NCROSCL = N(DR/1 CROSSEN)
CROSSEN = CROSSADD MRC DRQ NCROSSD
CROSSD = CROSSD (R/ACCLG)

+ CROSS CROSSDCL DR/

OSCILLATOR CLOCK GENERATOR. A 1-MHz signal used
to clock flip~flops in certain CPU circuits such as the inter-
rupt circuits, the watchdog timer, and the single clock gen-
erator, is taken from a CT16 medium frequency oscillator
module as shown in figure 3-44. A sine wave from a 2-MHz
oscillator goes through a frequency divider consisting of
seven flip-flops, each of which divides the frequency by
two. Outputs from the 1-MHz flip-flop are distributed to
the points where this frequency is needed, and the output

of the 16-KHz flip-flop is connected to the ST29 time base
seiector to be used in the generation of real-time clock
signals.

3-25 CPU Phases and Timing

PHASES. The CPU phases are variable time intervals sepa-
rated by ac clock pulses from the CPU delay fines. The
phases are identified as preparation phases 1 through 4 and
execution phases 1 through 10. Each phase is entered by
setting one of the phase flip-flops; PRE1 through PRE4 and

Paragraphs 3-25 to 3-26

PHI through PH10. The setting logic for the phase flip-flops
is determined by the type of instruction being executed, the
previous phase in the phase sequence, and certain conditions
peculiar to the individual instruction.

The length of a phase is determined by the time that a clock
signal is sensed and gated from one of the CPU delay lines.
During each phase, the length of the following phase is es-
tablished by resetting flip-flops NT8L or NT11L, or by allow-
ing both of these flip-flops to remain set. If neither NT8L
nor NT11L is reset, the clock interval is set by TSEN, an
enable signal that can be true only when NT8L and NTI11L
are true. Another time element is introduced by the presence
of a memory request with data request flip~flop DRQ set. In
this case, the clock signal is delayed until a data release
signal is received from core memory.

Ac clock signal generation is described in the section on
clock logic. The phase flip-flop setting logic for each
phase is explained in the phase sequence charts included
with the instruction descriptions.

3-26 Real-Time Clock

The real-time clock signals are generated in a frequency
divider circuit on an ST29 time base selector module.
Outputs from the frequency divider are switched on a ST14
toggle switch module to four clock pulse flip-flops on the
time base selector. Outputs from these flip=-flops are
applied to the interrupt circuits on the appropriate LT16

NCEINT

wiz M T T

[ I N I N S

KsC S
CLEN |

5 ]

CL _____l

KC

s

NKC/B

5CI |

sC2 | l

scL [

! |
L
L
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Figure 3-43. Single Clock Generation
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Figure 3-44. Oscillator Clock Generator, Block Diagram

priority interrupt modules. A simplified diagram of the
real-time clock circuits is shown in figure 3-45.

A 16-kHz signal from the CT16 medium frequency oscillator
described under Oscillator Clock Generator is applied to

the input of the first of five frequency divider flip-flops

on the time base selector. The frequency is divided by

two each time it goes through a frequency divider flip-flop,
so that the five frequencies are 8 kHz, 4 kHz, 2 kHz, 1 kHz,
and 500 Hz. The outputs of the 8 kHz, 2 kHz, and 500 Hz
flip-flops are connected through switches to flip~flops CPULI,
CPUL2, and CPUL3, respectively, as shown in the figure.
Flip-flop CPUL4 is clocked by the 500 Hz signal, unswitched.

Each clock pulse flip-flop is connected to a group of four
switches in series. These switch groups are switches 15-14-
13-12 for flip-flop CPULT, switches 10-9-8-7 for flip-flop
CPUL2, and switches 5-4-3-2 for flip-flop CPUL3. When
one switch in a group is in the up position and the other
three switches are in the down position, the frequency
connected to the up switch clocks its corresponding clock
pulse flip-flop. The inputs designated RTC are optional
frequencies from sources external to the CPU. The line
frequency of 50 or 60 Hz may be used atany of these inputs.

The outputs of flip-flops CPUL3 and CPUL4 are taken to
the priority interrupt modules used to process the standard
counter 3 count pulse and counter 4 count pulse interrupts.
The outputs of flip-flops CPULT and CPUL2 are used only
if the optional counter 1 count pulse and counter 2 count
pulse interrupt levels are included in the CPU. The events
that occur after a count pulse signal enters the interrupt
circuits are described in the section on interrupts,

3-27 Watchdog Timer

The watchdog timer is a 6-bit flip-flop binary counter
clocked by the 1-MHz clock signal. The counter is set at
interruptible points in the program and counts up by ones

to 42, thereby allowing 42 psec before runout. If the timer
runs out before another interruptible point is reached, a
trap sequence is entered.
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A logic diagram of the watchdog timer control circuits is
shown in figure 3-46. The counter is started by loading it

with ones at one of the following interruptible points:

a. At the first ac clock pulse after interrupt enable
signal IEN goes true.

b. When flip-fiop PH10 is set to start the final
execution phase of an instruction.

c. At the start of phase 8 (PH8) of a move to memory
control instruction if the last control image word has not
been loaded.

d. During I/O phase 1 (PH1) of an 1/O operation if
switch 13 is set.

Any one of these conditions sets flip-flop WDTRAC, and
WDTRAC sets all of the watchdog timer flip-flops, WCT1
through WCTé.

When the counter has counted from 111111 to 000000 and
then to 42 without being restarted, timer runout hasoccurred,
indicating that 42 microseconds have elapsed since the last
interruptible point was reached. A timing diagram of watch-
dog timer runout is shown in figure 3-47. Flip-flop WDTA is
set by WCT1, NWCT2, WCT3, and WCT5. A one at the set
output of WDTA causes flip-flop WDTRAC to be set, restart-
ing the counter. At the same time, clock inhibit flip-flop
CEINT is dc set, and signal STRAP is generated from CEINT,
WDTA, and WDTRAC. Signal (S/TRAP) sets flip-flop INTRAP
to start a trap sequence, which takes the CPU to location X'46",

When flip-flop CEINT is set, clock enable signal CLEN is
driven low and the CPU clock is disabled. Since CEINT
must be reset by a clock signal, the CPU clock must be
started by another signal. In this case the signal is force

clock signal FORCL:

FORCL = STRAP TMC 2MC

Signal FORCL is one of the setting inputs to delay line 1;

therefore, an ac clock signal is immediately generated.
Flip-flop CEINT is reset by this clock.
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Figure 3-45. Real-Time Clock, Simplified Diagram
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Figure 3-47. Watchdog Timer Runout, Timing Diagram

The watchdog timer is inhibited under the following condi-
tions: (See figure 3-47.)

a. The continuous clock is disabled by placing the
CLOCK MODE switch in the center position (KSC true).

b. The COMPUTE switch is set to IDLE (NKRUN true).

c. The WATCHDOG TIMER switch is placed in the
OVERRIDE position (KWDTR true).

d. The CPU is in PCP phase PCPi, PCP3, PCP4, PCP5,
or PCPS6 (PCPACT true).

e. The COMPUTE switch is placed in RUN in PCP2
(KRUN and PCP2 true).

3-28 Memory Protection

The memory protection feature prevents alteration of
specified areas of address in memory. The program is
subjected to memory protection in both master and slave
modes. Memory locations are protected in groups of
addresses referred to as pages. Each page contains 512
memory locations.

A 2-bit write lock code for each page of core memory is
stored on a set of four FT25 fast access memory modules,

There are 256 of these write locks.

The association of

the write locks with the pages of memory addresses may
be represented as shown in figure 3-48. During memory
access, two flip-flops designated the write key, bits 3 and
4 of program status doubleword 2, are compared with the
write lock bits for the memory page being addressed. The
write locks and write key are interpreted as shown in

table 3-8.

Table 3-8. Memory Protection Functions

11

11

Write Lock Write Key Protection
00 XX Write access permitted in-
dependent of key value
X X 00 Write access permitted in-
dependent of lock value
01 01 Write access permitted
through through | only if lock value matches

key value
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Figure 3-48. Write Lock Registers

If an instruction attempts to write into a protected memory
page, the trap flip-flop is set and a trap sequence is
entered.

The actual organization of the write lock bits in the SDS
304 integrated circuit memory elements on an FT25 module
is shown in figure 3-49, using the first FT25 as an example.
The memory elements on the left half of the diagram con-
tain the write locks for pages 0 through 1F; those on the
right half contain the write locks for pages 20 through 3F,
for a total of 128 bits, or 64 write locks, on one module.
Only the first, second, and last bits in each memory ele-
ment are shown in the diagram.

LOADING THE WRITE LOCKS. A move to memory control
instruction with a one in bit 14 transfers the write locks
in core memory, referred to in the reference manual as the
memory lock control image, from core memory to the
memory protection registers. The instruction sequence is
described in the move to memory control opcode descrip-
tion. The data is first placed in the C-register, then
transferred to the A-register. From the A-register the
memory lock control image is transferred a byte at a time
by means of the sum bus onto the write lock data lines.
The equations are:

"

W/LKO/1-W/LKO/7 S0-S7

t

W/LK3/1-W/LK3/7 S0-S7
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The data is shifted left in the A-register eight bits at a
time to align it with sum bus bits O through 7.

The individual bits in the memory elements are selected
by address signals generated from the P-register with the
equations

L/LKO/3 = PI8
L/LKO/4 = PI9
L/LKO/5 = P20

for the first FT25 module. The modules are selected by
decoding P-register bits P15 and P14, inputs to the AND
gates in figure 3-49. The two halves of the module are
selected by P-register bit 17 as shown in the figure.

The write lock clock signal is generated from a write lock
signal LOCKW and a private memory clock signal with the
equation

K/LKO-K/LK3 = LOCKW CK

S/LOCKW = FUMMC [PH3 + PH6 N(BC - 1)]

where FUMMC is the move to memory control function.
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USING THE WRITE LOCKS. To read the memory protection
register outputs, a module of write lock registers, a control
line for half the module, and one bit in each of the eight
memory elements are addressed by P-register outputs P15
through P20, as shown in figure 3-49. A one on the con-
trol line allows outputs LOCKO through LOCKY to be
sensed. P-register bits P21 and P22 are decoded to select
one of four 2-bit codes in the half module of write locks,
as shown in figure 3-50. The outputs of the decoding cir-
cuit, LCKO and LCK1, contain the write lock stored with
the selected page address.

A mismatch of a write lock and the write key generates an
ABO signal, as shown below:

Write Lock Write Key
01 1X
10 X1
1X 0X
X1 X0

The logic equation for the ABO signal is as follows:

ABO = ABO/1 ABO/2
ABO/2 = (LCKO WKI + LCK1 WKO)
N(LCKO LCKI WKO WKI1)
ABO/1 = [ ABO/1 (R/DPL)+ ABOT MBXS

NPCPACT NIOACT NINTRAP
N(FAIO PH3) ] NCROSSADD

Signal ABO sets flip-flop TRAP, and a trap sequence is
entered to take the program to trap location X'40'. An
/ABOC/ signal is sent to core memory to prevent writing
into the addressed location.

INHIBITING MEMORY PROTECTION. Memory protection
is inhibited by disabling the signal ABO under the following

conditions:

a. The CPU is in phase PCP1, PCP3, PCP4, PCP5, or
PCPé (PCPACT true).

b. Integral 1/O operation in process (IOACT true).
c. Trap or interrupt in effect (INTRAP true).

d. Writing into memory location 20 during /O
operation (FAIO PH3 true).

e. Crossover in effect (CROSSADD true).
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Figure 3-50. Write Lock Addressing
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GENERAL. The primary use of the trap system is detection
of program errors, A trap indication results from a con-
dition such as nonexistent instruction, addressing a non-
existent memory location, watchdog timer runout, or an
instruction calling for floating point operation when the
option is not included in the system, Unless a power=-on
or power=-off interrupt has been detected, a trap operation
has priority over any interrupt. The detection of a trap
condition causes the execution of a trap instruction in a
specified location in memory. The trap instruction is exe-
cuted in place of the next instruction in normal sequence.

Trap operations are also used to simulate instructions not
included in the system logic. In such cases, a call instruc-
tion (CAL1, CAL2, CAL3, or CAL4) causes the program to

Paragraph 3-29

trap to a specified location, from which a branch is made
to a subroutine to carry out the desired operation.

Trap operations are controlled by interrupt/trap flip-flops
INTRAP, INTRAPI, and INTRAP2, and are distinguished from
interrupt operations by flip~flop TRAP, which is set during
trap operations. Atrap sequence may be entered in the first
clock eycle following the endphase of the instruction in
process, but most frequently takes place before the instruc-
tionis completed. Duringthe trap sequence, the address of
the next instruction in sequence isstored, andthe trap address
associated with the trap signal received ispresented to memory
for access. The program thenbranches to the memory address
stored in the trap location. The conditionsthat result intrap
operations are listed inthe Sigma 5 Computer Reference
Manual, alongwith the corresponding assigned trap locations
in core memory, the time of occurrence, and special actions.
An outline of the trap sequence is presented in table 3-9.

Table 3-9. Trap Sequence

Phase Function Performed Signals Involved Comments
Pre- |Set four flip-flops (TRAP, INTRAP, S/TRAP = (S/TRAP) NRESET True (S/TRAP) signal
i INRAP, o INTRAPZ 1 050 | 5/t of vop (£ 1 o
R/TRAP = (R/TRAP) condition and is gener-
(R/TRAP) =  RESET + FAPSD PH5 gLZ‘:e‘:“:r"SXZZ’:?;:”°“
S/INTRAP = (S/INTRAP) NRESET phases of instructions
(S/INTRAP) = (S/TRAP) NINTRAP ... +...
R/INTRAP = (R/INTRAP) = (R/TRAP) + ...
S/INTRAPI = (S/INTRAP) NRESET
R/INTRAPT = (R/INTRAPI1)
(R/ZINTRAP1) =  RESET + NINTRAP2
S/INTRAP2 = (S/INTRAP2) NRESET
(S/INTRAP2) =  (S/INTRAP) + INTRAPI
NINTRAP2
R/INTRAP2 = e
Inhibit reset of flip=flop NPRE1 S/NPRE1 = N(SPRET) Entry into PREP phase of
(S/PRE1) = PREIEN PHIO + ... f:ﬁf;qf‘;:“'b)"':z'e“”'m
NPRETEN = (S/TRAP) + ... (S/TRAP) signal
R/NPRE1 = .
Enable CLEAR signal CLEAR = (S/INTRAP) + ... Clear selected flip-flops
If watchdog timer runout trap, F/CEINT = (F/CEINT) = WDTA CPU clock inhibited
direct set CEINT N(IMC 2MC) NTRAP while CEINT set
R/CEINT =

(Continued)
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Table 3-9. Trap Sequence (Cont.)

Phase Function Performed Signals Involved Comments
I |Clock enable for reset of CEINT S/DL1 =  FORCL FORCLEN + ., Clock pulse to delay line
N |(required only for watchdog timer FORCL = STRAP IMC 2MC + ... generatec:l b.y ST!QAP sig-
T |runout trap) nal and timing signals
R STRAP =  WDTA WDTRAC CEINT + ...
2 NFORCLEN = NFORCLEN FORCL
! + DL1/060S FORCL
R/CEINT T e
I
N {(P15-P31)——=(B15-B31) Bn= Pn BXP +... = BXP/1 + ... Address of next instruc-
T BXP/1 = INTRAP BRP + tion in normal sequence
R b of program
';\ Reset flip-flop BRP R/BRP = INTRAPI + . Indicates that address
2 of next instruction in
sequence is in the B~
Reset flip-flop INTRAP2 R/INTRAP2 = register
Set flip-flop DRQ S/DRQ = (S/DRQ) NCLEAR Enable complete cycle
_ of data release if MRQ
(S/DRQ) = (/DRQ/2) .. set before trap
(S/DRQ/2) = INTRAP1 TRAP + ...
R/DRQ =
I Enable clock if NMRC CLEN = DRQ NMRC NRESET/F + ... |MRC set if MRQ set
N
T |Sustain B15 S/B15 = (S$/B15) + ... Prevent reset of B15 if
N (5/B15) = BI5 NBRP INTRAPI + .., |*'
P R/B15 = INTRAPI + ...
1
Set P25 S/P25 = PXTR + ... Store address of trap
instruction (40 through
Transfer (TR28-TR31)—=(P28-P31) PXTR = INTRAP1 NINTRAP2 TRAP |44, 46, 48 through 4B)
R/P25 =  PX + ... = INTRAPI
NINTRAP2 + ...
Set flip~flop MRQ S/MRQ = (S/MRQ/2) + ... Request for core memory
(S/MRQ/2) = INTRAPI NINTRAP2 + ... |<Y°l®
R/MRQ = ..
Set flip-flop DRQ S/DRQ = (S/DRQ) NCLEAR Inhibit transmission of
B CPU clock until data
(S/DRQ) = (/MRQ/2) + ... release from core memory
R/DRQ =
Reset flip=flop INTRAP1 R/INTRAP1 = NINTRAP2
Set flip-flop INTRAP2 S/INTRAP2 = INTRAP] NINTRAP2 + ...
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Table 3-9. Trap Sequence (Cont.)

Phase Function Performed Signals Involved Comments
I (MBO-MB31)—(C0-C31) CXMB = /DG/ Extract addressed word
N and store for execution
- —e D - =
T (C0-C31) (DO-D31) (S/SXD) NINTRAPI INTRAP2 + ... of instruction (XPSD)
R | (C0-C31)—=(00-07) OXC = NINTRAPI INTRAP2 + ...
A
P | (C8-C11)—=(R28-R31) RXC = NINTRAP] INTRAP2 + ...
2 Reset flip=flop NPRE1 S/NPRE1 = N(S/PREI1) + ... Enable entry into PREP
(S/PRE1) = NINTRAP1 INTRAP2 phase
R/NPRE1 = .
Reset flip=flop INTRAP2 R/INTRAP2 = .
Resei flip-fiop TRAFP R/TRAP =  (R/TRAP) Exit from TRAP at PH5 of
(R/TRAP) = FAPSD PH5 + ... XPSD instruction
Reset flip-flop INTRAP R/INTRAP = {R/INTRAP)
(R/INTRAP) =  (R/TRAP) + ...
Trap sequence ended

TRAP SEQUENCE. The trap sequence is illustrated in fig-
ure 3-51, When signal (S/TRAP) is true, flip-flops TRAP,
INTRAP, INTRAP1, and INTRAP2 are set. At the same time,
one of the codes listed in table 310 is stored in the trap
accumulator register (TRACC1 through TRACC4), and the
least significant hexadecimal digit of the trap address is
stored in the trap address register (TR28 through TR31). The
controlling equations are listed in the paragraphs describing
trap conditions.

After the address of the next instruction in normal sequence
is transferred from the P-register to the B-register, and BRP
is reset, the trap circuits enter the INTRAPT phase. The
least significant hexadecimal digit of the trap address is
transferred from the trap address register to the least sig-
nificant flip~flops of the P-register.

/P28 = TR28 PXTR + ...
PXTR = INTRAP1 NINTRAP2 TRAP + ...
(R/P28-R/P31) = PX + ... = INTRAP1 NINTRAP2

+ ..

S/P29 = TR29 PXTR + ...

S/P30 = TR30 PXTR + ...

/P31 = TR31 PXTR + ...

Table 3-10. Trap Codes and Address Digits

Trap Accumulator | Trap Address*
Register Register
Cause of Trap (TRACC1-TRACC4) | (TR28-TR31)

Abort 0001 0000
Watchdog timer 0000 0110
runout

Floating point fault 0000 0100
Fixed point overflow 0000 0011
Privileged instruction 0010 0000
Nonexistent memory 0100 0000
address

Not implemented 0000 0001
Illegal 1000 0000
Stack fault 0000 0010
CALI instruction 1000
CAL2 instruction t 1001
CAL3 instruction (R28-R31) 1010
CAL4 instruction 1011

location

*Stores least significant hexadecimal digit of trap

" Contents of (R28-R31) transferred to (TRACCI-TRACCA4)
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~

& START )

Y

y

NTRAP, NINTRAP,
NINTRAP1, NINTRAP2

(S/TRAP)
LOAD (TRACC1-TRACC4}
LOAD (TR28-TR31)

TRAP, INTRAP,
INTRAP1, INTRAP2

(P15-P31) —= (B15-B31)
R/BRP

)

TRAP, INTRAP,
INTRAP1, NINTRAP2

S/P25 TRAP
(TR28-TR31) —= (P28-P31) | LOCATION
S/MRQ

S/DRQ

\
TRAP, INTRAP,
NINTRAP1, INTRAP2

(MBO-MB31) —= (C0-C31)
(C0-C31) —= (D0-D31) | XPSD
(C0-C7) ——= (00-07) | INSTRUCTION
(C8-C11)—= (R28-R31)

CLEAR (TR28-TR31)

TRAP, INTRAP,
NINTRAP1, NINTRAP2

EXECUTE XPSD
(A0-A31) - 1 —— (50-S31) — (MBO0-MB31)
(TRACC1-TRACC4) — (TR28-TR31)
(TR28-TR31) —= (A28-A31) (IF R29 = 1)
(A0-A31) + (DO-D31) — (50-531) — (P15-P31)
(528-531) OR (TRACC1-TRACC4) —= (CC1-CC4)
CLEAR (TRACC1-TRACC4)
CLEAR (TR28-TR31)

901172A.3506

Figure 3-51. Trap Sequence, Flow Diagram
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The most significant hexadecimal digit (4) is established by
setting P25. Flip-flops MRQ and DRQ are set to permit
access to memory during the INTRAP2 phase. The XPSD
instruction stored in memory is placed in the D-, O-, and
R-registers, and the trap address register is cleared.

(R/TR28-R/TR31) = (R/TR) = NINTRAP1 INTRAP2 + ...

During execution of the XPSD instruction, the 17-bit
instruction address is decremented by one before storage in
memory. This operation is required to reduce the address,
which was previously incremented by one. The code stored
in the trap accumulator register is transferred to the trap
address register.

S/TR28 = NSTRAP (S/TR28) + ...
(S/TR28) = TRACCI FAPSD PHI
S/TR29 = NSTRAP (S/TR29) + ...
(S/TR29) = TRACC2 FAPSD PHI
$/TR30 = NSTRAP (S/TR30)
(S/TR30) = TRACC3 FAPSD PHI + ...
S/TR31 = NSTRAP (S/TR31)
(S/TR31) = TRACC4 FAPSD PHI + ...

Signal NSTRAP is true unless a watchdog timer runout has
occurred.

If bit 9 of the XPSD instruction (now in R29) is a one, the
code is transferred from the trap address register to the
least significant bits of the A-register.

S/A28 = TR28 AXTR + ...
AXTR = FAPSD 07 PH3 TRAP R29
S/A29 = TR29 AXTR + ...
R/A30 = TR30 AXTR + ...
S/A31 = TR31 AXTR + ...

This number is added to the contents of the D-register and
stored in the P-register during PH4. The number is also
retained in the trap accumulator register so that during
PH4 it is merged with the existing condition code (SO
through S3) to form a new condition code.

s/CCl = (S/CC1/3) + SO CCXS/0 + ...
($/CC1/3) = (S/CC1/1) += CCXTRACC TRACCI
+ e
CCXTRACC = FAPSD 07 PH4 TRAP
CCXS/0 = PSWIXS+...=FAPSD PH4 + ...
5/CC2 = CCXTRACC TRACC2 + S1 CCXS/0
F oeee
5/CC3 = CCXTRACC TRACC3 + S1 CCXS/0
t e
5/CC4 = CCXTRACC TRACC4 + S3 CCXS/0
+

(R/CCI-R/CC4) = CCXS/0 + ...

During phase 5 of the XPSD instruction, the trap accumu-
lator register and the trap address register are cleared.

(R/TRACC1-R/TRACC4) = (R/TRACC) = FAPSD
PH5 + ...

(R/TRACC/1) + ...
FAPSD PHS5

(R/TR28-R/TR31) = (R/TR)

i

The trap sequence is terminated at the same time,

TRAP CONDITIONS. The conditions for entering the trap
sequence are represented by the inputs to signal (S/TRAP).
(S/TRAP) = ABO (Abort)
+ STRAP (Watchdog timer runout)
+ FAFL NRW ENDE NINTRAP
(Floating point)
+ FACAL PHI (Call)

+ ENDE AM CC2 OVERIND
(Fixed point overflow)

+ FAPRIV NMASTER PRETR NINTRAP
{Privileged)

ADNH NIOACT (Address not here)
FANIMP PRETR (Not implemented)
FAILL PRETR (Illegal)

FAST PH2 SWI1 NSW5 (Stack)
FAST PH2 SW3 NSWé (Stack)

Figure 3-52 indicates all opcodes that might generate a true
(S/TRAP) signal. Opcodes for which no operation is defined
unconditionally generate a true (S/TRAP) signal. Some op-
codes generate a true (S/TRAP) signal only for selected
conditions. For example, an immediate instruction (FAIM)
with an indirect address bit (IA) equal to one will cause a
trap sequence. Conditions such as watchdog timer runout

or addressing nonexistent locations are not associated with
particular opcodes.

+ 4+ o+ o+ o+

Call Instructions. The four call instructions (CAL1, CAL2,

CAL3, and CAL4) cause the computer to trap to location

X'48', X'49', X'4A', and X'4B', respectively.

For the CAL1 instruction (opcode 04), only TR28 is set.
S/TR28 = FACAL PH1 NTRAP NSTRAP + ...
(R/TR28-R/TR31) = (R/TR) = (S/TRAP) + ...

For the CAL2 instruction (opcode 05), TR28 and TR31

are sef.

S/TR31 NSTRAP (S/TR31)
(S/TR31) FACAL PH1 NTRAP NSTRAPO7 +..,

For the CAL3 instruction (opcode 06), TR28 and TR30

are sef.
S/TR30
(S/TR30)

n

i

NSTRAP (S/TR30) + ...
FACAL PH1 NTRAP NSTRAP O6

For the CAL4 instruction (opcode 07), TR28, TR30, and
TR31 are set, since inputs to all three flip-flops are true.
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0 7 FACAL
1 FANIMP
MOST 2
SIGNIFICANT 3 FANIMP
HEXADECIMAL 4
DIGIT
5
6
7
01 23 4567 8 9 ABCDTEF
LEAST SIGNIFICANT HEXADECIMAL DIGIT
Bl raw uecay
FAIM  (IMMEDIATE)
/
/| FAPRIV (PRIVILEGED)
9011724, 3500
Figure 3-52. Operation Codes Resulting in Trap
The contents of R28 through R31 are stored in the trap (S/TRAP) =  FAST PH2 SWI NSW5 + ...
accumulator register as the address code is stored in the
trap address register, If execution of the instruction would cause the word count
to become less than zero or greater than (215-1), the
S/TRACC1 = FACAL PH1 NTRAP NSTRAP R28 instruction is aborted with memory and registers unchanged;
+ oaee then, if bit 48 (TW) of the stack pointer doubleword is a
(R/TRACC1-R/TRACC4) = (R/TRACC) = (S/TRAP) zero, the CPU traps to location X'42',
e (S/TRAP) = FAST PH2 SW3 NSW6 + ...
S/TRACC2 = EACAL PH1 NTRAP NSTRAP R29 FAST = FAST/A + FUMSP
S/TRACC3 = FACAL PH1 NTRAP NSTRAP R30 FAST/A = QU0 O4 NO5 (PLW, PSW, PLM, PSM)
t e FUMSP = OUI OL3 (MSP)
S/TRACC4 = EACAL PHI NTRAP NSTRAP R3I When a trap is caused by a stack fault, the trap accumulator
v register is cleared.
This code is transferred to the trap address register during (R/TRACC1-R/TRACC4) = (R/TRACC) = (S/TRAP)
the XPSD instruction. If bit 9 of the XPSD instruction is + e
a one, it is added to the contents of the D-register and
merged with the contents of the trap accumulator register The least significant hexadecimal digit is set to 2 by setting
to set condition code flip-flops CC1 through CC4. TR30.
Push-Down Stack Limit Instructions. During the execution S/TR30 = NSTRAP (S/TR30) + ...

of any stack-manipulating instruction, words are either
added to or removed from the stack. In either case, the EAIE;C.\rS?H!?H;WS]VV?S[\IWSE\,Né +

space count fields of the stack pointer doubleword are tested o
before moving any words, If the execution of the instruc- (R/TR28-R/TR31) = (R/TR) = (S/TRAP) + ...

tion would cause the space count to become less than zero

or greater than (215-1), the instruction is aborted with

memory and register unchanged; then, if bit 32 (TS) of the

stack pointer doubleword is zero, the CPU traps to location Therefore, a stack fault causes a trap to location X'42'
X'42', with a code of 0000,

(S/TR30)

n
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Floating Point Fault. A floating point fault is detected
after the operation called for by the instruction code is
performed, but before any results are actually loaded in to
the general registers. If no error is detected, signal
(S/RW/FP) from logic in the floating-point box sets flip-
flop RW.

S/RW = (S/RW/1)
(SRW/1) = (S/RW/FP) + ...
R/RW =

This signal may be generated during floating point opera-
tions, as described elsewhere in this manual:

Opcodes Phase Reference
FAS, FSS, FAL, FSL CPU PH7, box PH? Table 3-65

FAS, FSS, FAL, FSL CPU PH8, box PHIO Table 3-65

FMS, FML CPU PH7, box PH?  Tabie 3-66
FMS, FML CPU PH8, box PH10 Table 3-66
FDS, FDL CPU PH7, box PH?  Table 3-67
FDS, FDL CPU PH8, box PH10 Table 3-67

If RW is not set during floating point operations, a trap
occurs during the end phase of the CPU, and the trap
accumulator register is cleared:

(S/TRAP) = FAFL NRW ENDE NINTRAP + ...
FAFL = NOI O3 04 05
(R/TRACC1-R/TRACC4) = R/TRACC) = (S/TRAP)
+ ...

The least significant hexadecimal digit is set to 4 by setting
TR29 and resetting TR28, TR30, and TR31.

S/TR29 = FAFL NRW PHIO + ...
(R/TR28-R/TR31) = @R/TR) = (S/TRAP) + ...

Therefore, a floating point fault causes a trap to location
X'44' with a code of 0000.

When a trap is caused by a floating point fault, the trap
accumulator register is cleared.

(R/TRACCI1-R/TRACC4) = (R/TRACC) = (S/TRAP) + ...
The least significant hexadecimal digit is set to 4 by set-
ting P29.

S/TR29 = FAFL NRW PHI0
Therefore, a floating point fault causes a trap to location
X'44' with a code of 0000.
(R/TR28-R/TR31) = (R/TR) = (S/TRAP) + ...

Nonexistent Memory Address. Any attempt to access a
nonexistent memory address causes a trap to location X'40'
at the time of the request for memory service.

(S/TRAP) = ADNH NIOACT + ...

F/ADNH = ADNHL (Direct set)

ADNHL = ADNHL NACCL/1 + DRQ/1 (NAH AHCL)
R/ADNH = (R/ADNH)

(R/ADNH) = NIOACT + IOPHI SWI1

Flip-flop ADNH is direct set after the memory has had suf-
ficient time to recognize the address. If the internal I/O
is not active, (NIOACT) the trap sequence is initiated.

When a trap is caused by addressing a nonexistent memory
location, the trap accumulator register is set to 0100 by
setting TRACC2,

S/TRACC2 = NTRAP NSTRAP ADNH TRACC2 INH +...
TRACC2 INH= N(FAILL PRETR) N(FANIMP PRETR)
(R/TRACC1-R/TRACC4) = R/TRACC) = (S/TRAP) + ...

The least significant hexadecimal digit is set to 0.

(R/TR28-R/TR31) = (R/TR) = (S/TRAP) + ...

Therefore, a nonexistent memory trap causes a trap to loca-

tion X'40' with a code of 0100.

Nonexistent Instructions. Any instruction on Sigma 5 that
is neither standard nor optional is defined as nonexistent.
This classification includes immediate addressing instruc-
tions that are indirectly addressed. If the execution of a
nonexistent instruction is attempted, the CPU traps to
location X'40' at the time the instruction is decoded.

(S/TRAP) = FAILL PRETR + ...

S/PRETR = NANLZ PRE]

R/PRETR =

FAILL = JAFAIM (Immediate instruction with

indirect hit)
+ FUMMC N(NDI12 ND13 D14) (Move to
memory control with invalid X code)

+ OU2 04 NO5 NO6 (28, 29)
+ OUl NO4 O5 06 (16, 17)
+ OU7 NO4 O5 06 (76, 77)
+ OU2 NO4 O5 06 (26, 27)

+ OU7 O4
+ O1 NO3 NO4 NO5

(78 through 7F)
(40 through 43,
60 through 63)

+ OU0 NO4 NO5 (00, 01, 03)

NFALCF
+ 0US OL? 59)
+ OL4 O3 NFABYTE (14, 34, 54)
+ FAILL/1

FAILL/1 = 04 O5 O1 O3 (5C through 5F,

7C through 7F)

+ 04 O5 NO3 NO6 {0C, 0D, 2C,
NOI1 2D)
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When a trap is caused by attempted execution of an illegal
iction, the Yrao cecumulator register 1o set to 1000 L.

Tncd
Lll)llu\-ilull, [RRLSS url R R AV R |v=|.>n4| 19 LR h-/]

setting TRACCI.
S/TRACC1 = FAILL PRETR NTRAP NSTRAP + ...
(R/TRACC1-R/TRACC4) = (R/TR) = (S/TRAP) + ...
The least significant hexadecimal digit is set to 0.
(R/TR28-R/TR31) = (R/TRACC) = (S/TRAP) + ...

Therefore, attempted execution of an illegal instruction
causes a trap to location X'40" with a code of 1000.

Privileged Instructions. Privileged instructions can be im-
plemented only by a CPU operating in the master mode, as
indicated by flip-flop NMASTER. If this flip-flop, which is
part of the program status doubleword (PSD), is set, privi-
leged instructions cannot be implemented, but cause a trap
to location X'40' at the time of instruction decoding.

(S/TRAP) = FAPRIV NMASTER PRETR NINTRAP +...
FAPRIV = 0O4 O5 NO3

S/PRETR = NANLZ PRE]
R/PRETR =
S/NMASTER = S8 PSWIXS (Load bit 8 of PSD)

R/NMASTER PSWIXS

The privileged instructions are LPSD, XPSD, WAIT, LRP,
SIO, TIO, TDV, HIO, RD, WD, AIO, and MMC.

When a trap is caused by attempted execution of a privi-
leged instruction by a CPU operating in the slave mode,
the trap accumulator register is set to 0100 by setting
TRACCS.

S/TRACC3 = FAPRIV NMASTER PRETR NTRAP
NSTRAP + ...

(R/TRACC1-R/TRACC4) = (R/TRACC) = (S/TRAP) + ...
The least significant hexadecimal digit is set to 0.
(R/TR28-R/TR31) = R/TR) = (S/TRAP) + ...

Therefore, a privileged instruction trap causes a trap to
location X'40' with a code of 0100.

Unimplemented Instructions. Unimplemented instructions
consist of all floating point instructions. If the floating
point option is not included in the CPU, any floating point
opcode generates an (S/TRAP) signal and causes a trap to
location X'41' at the time of instruction decode.

(S/TRAP) = FANIMP PRETR
FANIMP = NOI O3 O4 O5 NFPOPTION
NFPOPTION = Floating-point option not installed

The floating point opcodes are FSL, FAL, FDL, FML, FSS,
FAS, FDS, and FMS.

When a trap is caused by an unimplemented instruction, the
trap accumulator register is cleared.

(R/TRACC1-R/TRACC4) = (R/TRACC) = (S/TRAP) + ...

The least significant hexadecimal digit is set to 0001 by

‘‘‘‘‘‘‘

S/TR31 NSTRAP (S/TR31)
(S/TR31) FANIMP + ...
(R/TR28-R/TR31)= (R/TR) = (S/TRAP) + ...

Therefore, an unimplemented instruction trap causes a trap
to location X'41' with a code of 0000.

1l

Fixed Point Overflow Instructions. Fixed point overflow can
occur for the LCW, LAW, LCD, LAD, Al, AH, AW, AD, SH,
SW, SD, DH, DW, AWM, MTH, and MTW instructions. Ex-
cept for the DH and DW instructions, execution is allowed
to proceed to completion. For DH and DW, the instruction
execution is aborted without changing any register. If the
trap mask {AM) is a one, the CPU traps to location X'43'
instead of executing the next instruction in sequence.

(S/TRAP) = ENDE AM CC2 OVERIND + ...
S/AM = S11 PSWIXS (Set when PSD stored)
R/AM = PSWIXS
$/CC2 = (515 + S16) PROBOVER/H

+ (S00 + SO) PROBOVER

+ FADIV PH4 + ...
R/CC2 = (After exit from trap)
OVERIND = FADIV + OVERIND/1

FADIV = FUDW NR31 + FADIVH (DW, DH)

S/OVERIND/1 = PROBOVER + PROBOVER/H

R/OVERIND/1 = CLEAR

PROBOVER/H = FAMT PH2 NINTRAP OU5
(MTW, MTH)

PROBOVER = FUAWM (PH1 + PH3) (AWM)

+ FALOAD/C (PHI + PH3) NOI
(LCD, LCW)

+ FALOAD/A PH4 (LAD, LAW)

+ FALOAD/A PH2 NOI

+ FAARITH (PH1 + PH3) (AD, Al, AW,
AH, SD, SW, SH)

+ FAMT PH2 NINTRAP (MTW, MTH,
MTB)

An overflow resulting from a division instruction is detected
before the instruction is executed; therefore, the divide in-
struction which would cause an overflow is aborted. An
addition with the addend and augend having like signs, or a
subtraction with a minuend and subtrahend having unlike
signs, can cause an overflow.

When a trap is caused by a fixed point overflow fault, the
trap accumulator register is cleared.

(R/TRACCI1-R/TRACC4) = (R/TRACC) = (S/TRAP) + ...

The least significant hexadecimal digit is set to 3 by setting
TR30 and TR31.
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S/TR30 = NSTRAP (S/TR30) + ...
(S/TR30) = OVERIND PH10 AM CC2 + ..

S/TR31 = NSTRAP (S/TR31) + ...
(S/TR31) = OVERIND PH10 AM CC2 + ...

(R/TR28-R/TR31) = (R/TR) = (S/TRAP) + ...

Therefore, a fixed point overflow fault causes a trap to

location X'43' with a code of 0000,

Memory Write-Protection Violation. A memory protection
violation occurs when any instruction attempts to alter
write-protected memory and the correct write key is non-
zero and does not match the write lock for the memory
page. When a memory protection violation occurs, the
CPU aborts execution of the current instruction (without
changing protected memory) and traps to location X'40',
The trap occurs before memory access.

(S/TRAP) = ABO + ...
ABO = ABO/1 ABO/2
ABO/1 = [(S/ABO/1) ABOT + ...] NCROSSADD

(S/ABO/1) = MBXS NPCPACT NIOACT NINTRAP
N(FAIO PH3)

DL2/110

(LCKO WK1 + LCK1 WKO)
N(LCKO LCKI WKO WKT)

ABOT
ABO/2

When a trap is caused by a memory write-protection
violation, the trap accumulator register is set to 0001 by
setting TRACC4.

S/TRACC4 = NTRAP NSTRAP ABO + ...

(R/TRACC1-R/TRACC4) = (R/TRACC) = (S/TRAP)
+ e

The least significant hexadecimal digit is set to 0.

(R/TR28-R/TR31) = (R/TR) = (S/TRAP) + ...

Therefore, a memory write-protection violation causes a
trap to location X'40' with a code of 0001,

WATCHDOG TIMER. The watchdog timer (WDT) ensures
that the CPU must periodically reach interruptible points
of operation in the execution of instructions. An inter-
ruptible point is a time during the execution of a program
when an interrupt request (if present) would be acknow-
ledged. Interruptible points occur at the end of every
instruction and during the execution of some instructions.
The WDT measures elapsed time from the last interruptible
point. If the maximum allowable time has been reached
before the next time that an interrupt could be recognized,
the current instruction is aborted and the WDT runout trap
is activated. Except for a nonexistent address used with

Paragraph 3-30

RD or WD, programs trapped by the WDT cannot (in general)
be continued. After a WDT runout, the CPU traps to
location X'46'.

WDT signal STRAP is controlled by a binary counter and
control flip~flops.

STRAP = WDTA WDTRAC CEINT + ...

In the 6-bit binary counter, WCT1 represents the most sig~
nificant bit, and WCTé represents the least significant bit.
The counter is advanced by the 1-MHz clock signal (IMC).

When a trap is caused by watchdog timer runout, all flip-
flops of the trap accumulator register are reset.

(R/TRACCT-R/TRACC4) = (R/TRACC) = (S/TRAP)
+ ...

The least significant hexadecimal digit is set to 6 by setting
TR29 and TR30.

S/TR29 STRAP + ..

S/TR30 STRAP + ...

(R/TR28-R/TR31) = (S/TRAP) + ...

Therefore, a watchdog timer runout trap causes a trap to

location X'46' with a code of 0000.

3-30 Interrupts

GENERAL. The interrupt system provides for a maximum of
237 interrupt levels, of which 13 are internal and 224 are
external. The 13 internal interrupt levels include seven
standard features (fwo count-pulse interrupts, @ memory
parity interrupt, two counter-equais-zero interrupts, an
input/output interrupt, and a contro! panel interrupt) and
six optional features (the power-on interrupt, the power-off

‘interrupt, two additional count-pulse interrupts, and two

additional counter-equals-zero interrupts). The 224 ex-
ternal interrupts are divided into 14 groups of 16 interrupt
levels each. Chassis writing in the CPU divides the internal
interrupts into the override group, the counter-equals-zero
group, and the input/output group. The override group has
priority over all interrupt groups. The priority sequence of
all other groups is optional, as described in the Sigma 5
Computer Reference Manual under the Interrupt System
heading.

Interrupt Control. Interrupt operations are controlled by
logic and by programming. Each of the 237 interrupt levels
is assigned a unique memory location to which the CPU
branches when the interrupt level is acknowledged. The
contents of the memory location are transferred to the CPU.
The interrupt location must contain one of the following
instructions: modify and test byte (MTB), modify and test
halfword (MTH), modify and test word (MTW), or exchange
program status doubleword (XPSD). The MTB, MTH, and
MTW instructions are single instruction interrupts. The
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XPSD instruction transfers control of the CPU to a service
toutine stored in memory. The service routine must end

with a load program status doubleword instruction (LPSD).

Operation of groups of interrupt levels is controlled by the
program status doubleword. If bit 37 is a one, CIF is set,
and the count-equals~zero interrupts are inhibited, If bit
38 is a one, Il is set, and the input/output interrupts are
inhibited., If bit 39 is a one, El is set, and all external
interrupt groups are inhibited. The power-on and power=-off
interrupts, if installed, are always enabled and armed, and
cannot be inhibited. The override interrupts also cannot be
inhibited.

The address of the memory location associated with each
interrupt level is controlied by signals which indicate that
an interrupt level is waiting, enabled, and has priority over
other interrupt levels.

Interrupt Levels, Each of the 237 interrupt levels includes
an interrupt circuit consisting of three flip=flops. The state
of the interrupt circuit indicates the status of the interrupt
level. A circuit which is disarmed is effectively removed
from the interrupt system. A circuit which is armed is

transferred to the waiting state wher an event or condition
acsociated with the eircyit is detected. (The event or con-
dition may be a power failure, a programmed count sequence,
or a control panel operation, as typical examples.) If a
circuit in the waiting state is enabled, it causes an interrupt
operation to begin when that interrupt fevel has priority.
Priority is established by a combination of signals generated
by interrupt circuits and by system cabling. Priority is also
controlled by bits 37, 38, and 39 of a program status double-
word (PSD), which in turn are controlled by write direct
instructions. An interrupt circuit may be enabled only by a
write direct instruction, or by an XPSD or LPSD instruction.
When an enabled circuit in the waiting state is acknow-
ledged, it is transferred to the active state. Any number of
interrupt circuits may be in the waifing and enabled state,
but only one_may be in the active state at any one time.

Interrupt Sequence. The interrupt system permits the inter-
ruption. Interrupt operations are controlled by interrupt/trap
phase flip-flops INTRAP, INTRAP1, and INTRAP2, as sum-
operation is usually later resumed from the point of inter-
ruption. Interrupt operations are controlled by interrupt/
trap phase flip-flops INTRAP, INTRAP1, and INTRAP2, as
summarized in table 3-11 and illustrated in figure 3-53,

Table 3-11, Interrupt Sequence

Phase Function Performed Signals Involved Comments
Pre- | Set flip=flop INT S/INT = INT? Flip-flop INT set when
limin= _ an interrupt circuit is
ary R/INT - waiting, enabled, and
has priority
Enable signal 1EN IEN = KRUN PH10 NIOSC IEN can be true only at
NDCSTOP end of execution (PH10)
Set flip~flops INTRAP, INTRAPI, S/INTRAP = (S/INTRAP) NRESET True (S/INTRAP) signal
and INTRAP2 to establish interrupt B sets three flip-flops when
condition (S/INTRAP) = INT IEN NINTRAP + ... interrupt enabled (INT
R/INTRAP = (R/TRAP) + FAMT PH9 IEN). Flip-flop TRAP
_ remains in reset state to
(R/TRAP) = FAPSD PHS + RESET distinguish interrupt and
S/INTRAP1 = (S/INTRAP) NRESET trap
R/INTRAPI = RESET + NINTRAP2
S/INTRAP2 = (S/INTRAP2) NRESET
(S/INTRAP2) =  (S/INTRAP)
+ INTRAPT NINTRAP2
R/INTRAP2 = ...
Inhibit reset of flip-flop NPRE1 S/NPRE1 = N(S/PRE1) Entry into PREP phase of
. I _ . subsequent instruction
(S/PRET) PREIEN PH10 + inhibited by frue
NPRETEN = (S/INTRAP) + ... (S/INTRAP) signal
R/NPRE1 = ...

(Continued)
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Table 3-11. Interrupt Sequence (Cont.)

Phase Function Performed Signals Involved Comments
Pre- Enable CLEAR signal CLEAR = (S/INTRAP) + ... Clear selected flip=flops
limin-
ary
(Conty
I Set flip-flop CEINT S/CEINT = INTRAP1 INTRAP2 NTRAP |Inhibits CPU clock during
N + e next phase, until action
T R/CEINT = ... r?spon:\se from interrupt
R circuits
£ | (P15-p31)—=(815-831) Bn = PnBXP +... Next instruction in
! BXP - BXP] + program sequence
I BXP/1 = INTRAP] BRP + ...
N
T Reset flip-flop BRP R/BRP = INTRAPI + ... Indicate next instruction
R in sequence is in B-
A register
P | Reset flip-flop INTRAP2 R/AINTRAP2 = ...
I Sustain B15 S/B15 = (S/BI15) + ... Prevent reset of B15 if set
N (S/B15) = BI5 NBRP INTRAPI + ...
R R/B15 = INTRAP1 + ...
:\ Inhibit CPU clock until ARE CLEN = NCEINT + CEINT ARE ARE controlled by inter-
L rupt sequence
}
ARE = AIEl IMC + ...
(INTO-INT8)—(P23-P31) PXINT = INTRAP1 NINTRAP2 NTRAP| Clear P-register and store
+ eee interrupt address
PX = INTRAP1 NINTRAP2 + ...
Set flip-flop MRQ S/MRQ = (S/MRQ/2) + ... Request for core memory
(S/MRQ/2) = INTRAPI NINTRAP2 + ... |cYele
R/MRQ = e
Set flip-flop DRQ S/DRQ = (S/DRQ) NCLEAR Data request, inhibiting
_ transmission of another
(S/DRQ) = (/MRQ/2) + ... clock until data release
R/DRQ = eee
Reset flip-flop CEINT R/CEINT = ... Enable CPU clock
Reset flip-flop INTRAP1 R/INTRAP1 = NINTRAP2
Set flip-flop INTRAP2 S/INTRAP2 = INTRAPI NINTRAP2 + ...
I {MBO-MB31)—=(C0-C31) CXMB = DG Extract addressed word
N _ and store for execution
I (CO0-C31)—(D0-D31) (S/SXD) = NINTRAPT INTRAP2 of instruction (MTB, MTH,
R | (CO-C7)—=(00-07) DXC = INTRAP2 + ... MTW, or XPSD)
. C10—=R30 OXC = NINTRAPI INTRAP2 + ...
2 Cl1—R31 RXC =  NINTRAP1 INTRAP2 +,,.

(Continued)
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Table 3-11, Interrupt Sequence (Cont,)

service routine, terminate with LPSD
unless service routine interrupted

Phase Function Performed Signals Involved Comments
1 Reset flip-flop NPRE!1 S/NPRE1 = N(S/PRE1) + ... Enable entry into PREP
N phase
T (S/PRE1) = NINTRAP! INTRAP2 + ...
R
A R/NPREI1 =
P
2 , _
(Cont) Reset flip-flop INTRAP2 R/INTRAP2 ..
If instruction is modify and test, R/INTRAP = FAMT PHS + ...
reset INTRAP during phase 9
If count reduced to zero, CNTZREQ |CNTZREQ = S0031Z FAMT PH2 INTRAP | Enable interrupt ievel
during phase 2
If instruction is XPSD, execute R/INTRAP =  FAPSD PH5 + ...

Trap sequence ended

The interrupt/trap phase flip-flops are clocked by CPU ac
signals; however, actual control of the phases is in the
interrupt circuits, which are clocked by a 1-MHz clock from
the CPU. Synchronization of the clocks is done by dis-
abling the CPU clock until a 1-MHz clock is received from
the interrupt chassis. During the interrupt phases, the next
instruction address is stored and the interrupt address asso-
ciated with the interrupt in progress is received by the CPU
for memory access. The general sequence of operations for
an interrupt is illustrated in figure 3-54,

The program is executed in normal sequence until an inter-
rupt is detected. A signal generated by the interrupt
circuits is sampled at the end of each instruction, during
iterated sequences, and during execution of a move to
memory control instruction. If any interrupt circuit is
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waiting and enabled, is not inhibited, and has priority an
interrupt sequence begins.

The contents of the P-register, which contains the address
of the next program instruction in normal sequence, are
stored in the B-register. The code from interrupt signals
INTO through INT8, which is the address of the memory
location associated with the interrupt, are stored in the
P-register. The CPU then accesses that location in memory,
transfers the contents to the C-register, and stores the data
in the D~, O~, and R-registers. If the contents of the mem-
ory location are not an XPSD, MTB, MTH, or MTW instruc-
tion, a program error has occurred, and subsequent operations
are meaningless.
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NTRAP
NINTRAP
NINTRAPI
NINTRAP2

S/INT

IEN
(S/INTRAP)
NPRETEN

NTRAP
INTRAP
INTRAP]
INTRAP2

BXP

|
|
|
|
|
|

]"‘II‘" INTRAP
]—T" INTRAP1

1—+= INTRAP2 0—F=INTRAP2

I
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|

NTRAP
INTRAP
INTRAPI]

NINTRAP2

PXINT

I
P~7I‘—’ B
1——=CEINT

AlB
AlEl
ARE
IEx

(INTO-INT8) —#—= (P23-P31)
|

| NTRAP ‘ NTRAP | NTRar
| INTRAP INTRAP | NINTRAP
NINTRAPI |  NINTRAPI NINTRAP1
| INTRAR2 | NINTRAPZ | NINTRAP2
| Il execure 7
| | o |
| | LiINsTRUCTION] |
| |
| |
| | 0 —/—=INTRAP
0—f—=INTRAPI | I
1—A—= INTRAP2 oﬁr——leApz [
‘ | LEVACT |
0—= CEINT l LEVARM |
IBx l
| ARMx
1 |
1—= MRQ | AIB |
l AIE2 l
1——= DRQ | ARE |
I
| : |
IMB — C —rf—* D |
I e
| cm—I/—- R30 |
| cn —,|‘—> R31 |
901172A, 3501

Figure 3-53. Interrupt Phases
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( START ) ’ o
____..p___® EXECUTE MT
v INSTRUCTION

EXECUTE PROGRAM EXEEULETISSEVICE
INSTRUCTION INSTCI){UCTION
" NO
INTERRUPT TES YES

Y

PLACE NEW CIRCUIT NO
IN WAITING STATE
P—F—B8
NT—/—= P
! To-s 23-31 )
MB ——C A LPSD
C—+—D
C—+—=0 TRANSFER INITIAL
C——=R CIRCUIT FROM
ACTIVE STATE TO
ARMED STATE J
REMOVE CIRCUIT
YES FROM ACTIVE STATE
AND ARM OR DISARM
CIRCUIT
NO ENABLED
YES
YES NO YES
NO 0 PRIORITY
Y
PROGRAM ERROR YES

901172A. 3502
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[ 150 1PO INO IS1 Pl INT |
— 011 011 |
5/1S0 = 1P0 PON s/IS1 =1P1 1OFF
y \
[ 111 o011 | [ o111 111 |
R/IPO = RO IEQ R/IPY =REIPI IEO
y Y
[ 101 o171 | o111 101 |
R/ISO = NIPO 1BO R/IST = NISNIPO NIPI IBO
S/IPO =150 IBO S/IP1 =1IS1  NISNIPO IBO
y - RESET
STATE NISNIPO NISINO NISNIPI NISINI REIPI | RO
011 011 1 1 1 1 0 0
111 o : 0 i 0 0 1
101 011 0 0 0 0 0 0
011 111 1 1 1 0 1 0
011 101 1 1 0 0 0 0
901172A, 3503

After the XPSD instructi

Figure 3-55. Power-On and Power-Off Interrupt Circuits, Cycle of Operation

on in the interrupt location has

been executed, the associated service routine is followed,
and the interrupt circuit returns to the armed state,

R/1S1 = NISNIPO NIP1 IBO
IBO = AIB LEVACT

LEVACT = FAPSD PH5 NO7 R30
S/1P1 = IS1 NISNIPO IBO

Signa! AIB is a timing si

gnal generated during the interrupt

sequence. Signal LEVACT is generated by an LPSD signal

in the service routine.

When power is applied, signal PON is true, and interrupt
circuit O goes through a similar sequence of operations.

S/1P0
R/1PO

RO
S/150
R/1S0

= IS0 IBO + RESET

= RO IEO

= INO IPO ISO

= IPO PON

= NIPO IBO + RESET
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If a modify and test instruction is accessed, the instruction
is execuied, and the modified contents of the addrezced
location are sampled. If the count is not zero, the CPU
returns to the program. If the count is zero, an additional
interrupt circuit may be placed in the waiting state (not
the circuit which caused the interrupt sequence to start).
If the circuit now placed in the waiting state is enabled
and has priority, the CPU will begin a new interrupt cycle.
If the interrupt circuit is not enabled or does not have
priority, the CPU returns to the program.

If an XPSD instruction is accessed, the instruction is exe-
cuted and the CPU is controlled by a service routine stored
in memory. This service routine may itself be interrupted
at the end of any instruction in the routine. If the service
routine is not interrupted, it is terminated by an LPSD
instruction. When the LPSD instruction is executed, the
interrupt circuit which caused the interrupt sequence to
start is transferred from the active state to either the armed
or the disarmed state. If a new interrupt circuit is waiting
and enabled and has priority, a new interrupt sequence is
begun; otherwise, the CPU returns to the program,

INTERRUPT CIRCUITS. Each interrupt level is controlled
by an interrupt circuit which establishes the state of inter~
rupt level and generates signals which control priority of
each level. Each interrupt circuit consists of three flip-
flops —=ISn, IPn, INn (n=0, 1, 2, ... 15). The five sig-
nificant states of an interrupt circuit and the conditions
established for the level are summarized in table 3-12.

Power Fail-Safe Interrupts. Interrupt levels 0 and 1 are the
power=on and power-off interrupts, which are controlled by
optional equipment. These circuits have the highest priority
level, and are always enabled. The cycle of operation for
the power fail-safe interrupts is illustrated in figure 3-55.

These interrupt levels are always enabled because the inputs
to INn flip-flops are hardwired.

S/INO = ...
R/INO = GND
S/INT = ...
R/INT = GND

They are placed in the armed state by a reset signal, and
are normally in the armed and enabled state.

S/IP0 = RESET + ...
R/1ISO = RESET + ...
S/IP1 = RESET + ...
R/IST = RESET + ...

When power fails, signal IOFF is true, and interrupt level 1
is placed in the waiting and enabled state.

S/1S1 = 1P1 IOFF
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Table 3-12.

Significant States of Interrupt Circuit

FLIP-FLOPS

STATE

ISn  IPn

INn*
(n=0,1,2,...15)

0|0 X

Disarmed. Circuit effectively removed
from interrupt system. Interrupt signal
neither accepted nor remembered.
Change of state only by program
intervention

Armed. Canacceptandrememberinter-
rupt signal. Advances to waiting state
when interrupt signal is recognized

Waiting and disabled. Cannot advance
to active state. Requires program
intervention to be enabled

Waiting and enabled. Can advance to
active state if interrupt circuit has
highest priority

Active orwaiting. The highest priority
circuitin thisstate will become active
when accepted asan interrupt by the
CPU. Other circuits in this state wait
for acceptance in priority sequence

*Power fail-safe interrupt circuits (0 and 1) are always
enabled, so that state of flip-flops is XX1 at all times
|.(INn set).

An interrupt sequence takes place, during which the inter-
rupt level is placed in the active state.

R/IPT =
REIPT =

NISINO

1t

NISNIPO

IEO =

ENOVRD =

RO1 =

REIP1 IEO

INT IPT IST NISINO NISNIPO
NISO + NINO

N(ISO NIPO) = NISO + IPO
AIE1 ENOVRD

ROT + ...

REIPT + ...

Signals NISINO and NISNIPO are priority signals that pre-
vent a change of state if the higher priority 0 level is
waiting and enabled, or active. Signal ENOVRD initiates
the interrupt sequence. Signal AIET is a timing signal
generated during an interrupt sequence. All interrupt cir-
cuits are clocked by the 1-MHz signal (1MCS).
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Because interrupt level 0 has the highest priority of all

interrupts, no priority signals such as NISNIPO or NISINO

are required. Signal ENOVRD is enabled by signal RO.
ENOVRD

RO1

ROT + ...
RO + ...

Count=Pulse Interrupts. Interrupt levels 2 through 5 are
count-pulse interrupts, two of which are standard and two
of which are optional. The feature of an interrupt circuit
that distinguishes its function is the input that enables the
change of state from armed to waiting (01X to 11X). For
the count-pulse interrupts, the signals are CPUL1 through
CPULA4,

S/1S2 = 1P2 CPULI + ...
S/IS3 = IP3 CPUL2 + ...
S/1S4 = IP4 CPUL3 + ...
S/1S5 = IP5 CPUL4 + ...

These signals are generated by flip-~flops of the real-time
counters, which are direct reset after the transfer from the
armed state (01X) to the waiting state (11X).

E/CPULT = IS2
E/CPUL2 = 1IS3
E/CPUL3 = IS4
E/CPUL4 = IS5

The inputs to interrupt circuit 2 are typical of interrupt
circuits 2 through 15,

S/IN2 = DATI16 AEENLE
R/IN2 = DATIé6 ADBDB + REN
S/IP2 = 152 NISNIPI ARMOVD
+ DAT16 AEADB
NISNIPT = NIST NISNIPO + IP1T NISNIPO
ARMOVD = [BO LEVARM
LEVARM = LEVACT N(FAPSD PH5 NR31)
R/IP2 = R2 IEQ + DAT16 DARM
R2 = 152 IP2 IN2 NISINI

NISINT = NIST NISING NISNIPO
+ NINT NISINO NISNIPO

IP2 CPUL1 + DATI16 IP2 TRIG
NIP2 NISNIP! IBO + DATI6 DARM

/152
R/1S2

Signals associated with DAT16 are controlled by a write
direct instruction. Therefore, the circuit can be enabled
(placed in state XX1) only during a WD instruction. The
circuit is also initially placed in the armed state (010 or
011) by a WD instruction.

Signals NISNIP1, NISNIPO, NISINO, and NISINI are pri-
ority signals that prevent changes of state when higher
priority circuits are active, or waiting and enabled. Signals
such as this are generated at all levels, making it possible
for only one interrupt circuit to transfer to the active state
(101) at any time. More than one interrupt circuit can be
in the active state, if a higher priority interrupt circuit goes
active during a subroutine for a lower priority interrupt cir-
cuit. Several interrupt circuits may be in the waiting and
enabled state (111) at one time. However, only the circuit
having the highest priority can be transferred to the active
state (111 to 101).

Signals IEQ, IBO, and ARMOVD are generated during the
interrupt sequence for the override interrupts. Correspond-
ing signals for the counter-equals-zero interrupts are IEC,
IBC, and ARMCNTR. Corresponding signals for the input/
output interrupts are IEI, IBI, and ARMIO.

The normal sequence of operations for an interrupt circuit
begins when the circuit is armed (placed in state 01X).
When the triggering signal is true, the circuit is placed in
the waiting state (11X).

s/1s2 = IP2 CPULT + ...

When the circuit is enabled and waiting, and has highest
priority, it initiates an interrupt sequence and is transferred
to the active state (101).

R/1P2 = R2 [EO + ...

While the interrupt circuit is in the active state, the in-
struction stored in the associated memory location is exe-
cuted. After all operations associated with the interrupt
have been completed, the interrupt circuit leaves the active
state (101 to 011 or 001). (The circuit cannot be disabled
by an interrupt sequence.)

S/1P2 152 NISNIP1 ARMOVD + ...
R/1S2 NIP2 NISNIPI IBO + ...
ARMOVD = IBO LEVARM

[}

Signal 1BO will always be true at the end of the interrupt
sequence, causing a transfer from state 101 to state 0X1.

If signal LEVARM is also true at the end of the active state,
the transfer is from state 101 to 011; if LEVARM is false,
the transfer is from state 101 to 001.

Memory Parity Interrupt. Interrupt circuit é is transferred
from the armed state to the waiting state (01X to 11X) if
flip-flop PEINT is set, indicating parity error.

S/I1S6 = IP6 PEINT + ...

Flip-flop PEINT is reset after the interrupt circuit exits
from the active state.

R/PEINT (R/PEINT/2) + ...

(R/PEINT/2) = IN6 NISé
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Counter-Equals-Zero Interrupts. Interrupt circuits 8, 9, 10,
and 11 are controlled by interrupt eircuits 2, 3, 4, and 5,
respectively.

/158 = P8 SR8
SR8 = CNTZREQ ISNIP2
CNTZREQ = FAMT PH2 INTRAP 500312
ISNIP2 = 152 NIP2
S/159 = P9 SR9
SR? = CNTZREQ IS3 NIP3
S/1510 = IP10 SRIO
SR10 = CNTZREQ ISNIP4
ISNIP4 = 154 NIP4
S/1S11 = IP11 SRII
SR11 = CNTZREQ IS5 NIP5

Whenever one of the count-pulse interrupt circuits is in the
active state (101) and the count has been reduced to zero
(S0031Z) one of the counter-equals-zero interrupt circuits
is placed in the waiting state (01X to 11X).

Input-Output Interrupt. Interrupt circuit 12 is placed in
the waiting state (11X) by an IOP interrupt request signal.

s/1S12 = P12 IR

Control Panel Interrupt. Interrupt circuit 13 is placed in
the waiting state (11X) by a control panel switch inter-
locked with a flip-flop.

S/IS13 = P13 SR13

SR13 = KINTRP NCNLK
S/CNLK = 1513
R/ZCNLK = NKINTRP/B
C/CNLK = NIMCS

PRIORITY SIGNALS. Signalsgenerated by interrupt circuits
are interconnectedin order tocontrol priority of interrupt
levels. Interrupt levels O through 7 have the highest prior-
ity. Counter-equals-zero interrupts, input/output interrupts,

and external interrupts in groups of 16 may be connected in

any priority sequence at the option of the user. Signals
external to the CPU control all priority assignments after
interrupt level 7.

The priority signals permit only one interrupt circuit in the
waiting and enabled state (111) to be transferred to the
active or waiting state (101) on a particular interrupt clock.
More than one interrupt circuit may be in the active or
waiting state at a given time. For example, if a high-
priority interrupt circuit is transferred to the active or wait-
ing state while a low-priority interrupt circuit is active,

the high-priority circuit will override the low-priority cir-
cuit. While the high-priority circuit is active, the low-
priority circuit previously active will be dormant until the
high-priority circuit has completed its operation. The
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low=-priority circuit, having remained in the active or
waiting state (101), then resumes operation.

Interrupt Circuit Priority Signals. Associated with each
interrupt circuit are priority signals. Typical signals for
even-numbered circuits are:

R10 = INT0 IP10 IS10 NISIN?
NISINIO = N(IS10 INI10)
NISNIP1I0 = N(IS10 NIP10)

Thus, R10 can be true only if interrupt circuit 10 is waiting
and enabledand ifno high priority interrupt inthat group is
waiting or active. Signal NISIN10 istrue onlyif circuit 10
is not active, and not waiting and enabled, and NISNIP10

is true only if circuit 10 is not active.

Typical signals for odd-numbered circuits are:

REIP11 = INTTIPITIST1 NISINIO NISNIP10
NISING
NISINIT = NISTT NISINTO NISNIP1O NISIN®
+ NINTT NISIN10O NISNIP10 NISINS
NISNIPTT = NIST1 NISNIP10 NISNIP9

+ IP11 NISNIP10 NISNIP9

Thus, REIP11 can be true only if interrupt circuit 11 is wait-
ing and enabled and no higher priority interrupt inthat group
is waiting oractive. Signal NISIN11 canbe true only if
interrupt circuit 11 isnot active, and not waiting and en-
abled and no higher priority interrupt in that group is waiting
or active. In addition, signals NISIN10 NISNIP10 prevent
REIP11 or NISIN11 from beingtrue unlessinterrupt circuit 10
is not active, and not waiting andenabled. Signal NISNIP11
can be true only if interrupt circuit 11 is not active and
interrupt circuit 10 is not active.

Signals NISINY and NISNIP? are controlled by all interrupt
circuits from O through 9. Similar signals are generated at
all levels of interrupts.

Signals generated by odd-numbered circuits and even-
numbered circuits are combined into such signals as:

R1011 = RI0 + REIPN

Signal R10T1 will be true if either circuit 10 or circuit 11
is waiting and enabled, and no higher priority circuit is
waiting and enabled.

Priority Chain Signals. An interrupt sequence is initiated
after signal INT9 is true, enabling flip-flop INT to be set.
Signal INT? is controlled by inputs from all interrupt cir-
cuits, including external interrupts.

INT? = ENOVRD + ENCNTR + ENIO + ...

Signal ENOVRD is true if any of the first eight interrupt
circuits is waiting and enabled.

ROT + R23 + R45 + Ré67
RO + REIP1 (typical)

ENOVRD
RO1
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More than one interrupt circuit may be waiting and enabled;
however, only one can generate a true Rx signal or REIPy
signal.

Signal ENCNTR is true if any of interrupt circuits 8 through
11 iswaiting andenabled (R89 + R1011), provided the group
is not inhibited by the program status doubleword (NCIF),
and no higher priority group is waiting and enabled.

ENCNTR = NCIF NHRQBZC (R89 +R1011)
HRQBZC = /HRQBZC/ = RQBZO
NRQBZO = NENOVRD NISNIP7 NIEO

Signal HRQBZC goes outside the CPU to provide for the
option of external interrupts with higher priority than the
counter-equals-zero interrupt group or the input/output
interrupt group. Signal NISNIP7 is generated by interrupt
circuit 7. Signal NIEO is generated during an operation
sequence.

Signai ENIO is true if any ot interrupt circuits 12 through
15 is waiting and enabled (R1213 + R1415), provided the

group is not inhibited by the program status doubleword
{NII), and nohigher priority groupis waiting and enabled.

ENIO = NII NHRQBZI R1213 + R1415)
HRQBZI = /HRQBZI/ = RQBZC
NRQBZC = NENCNTR NHRQBZC NISNIPT1 NIEC

Signal LINREQ is generated in external equipment when an
extemnal interrupt iswaiting and enabled, andstarts an inter-
rupt sequence if no write direct instruction in the interrupt
mode (0001) is active. The NEWDM term is required be-
cause /DATm/ lines are shared between trigger arm,

enable data on output during a write direct instruction, and
memory address data on input during interrupt operations.

INT9 = LINREQ NEWDM + ...
LINREQ = /DAT25/
EWDM = NB1é NB17 NB18 BI9 DIOWD

Group Control. Priority signals generated by the interrupt
circuitsalso control signals which cause changes of state in
the interrupt circuitsduring an interrupt sequence. These
signals permit only one group of interrupts to be controlled
at any time. The family of IEx signals cause a change of
state from waiting and enabled (111) to active (101).

IEO = AIEl ENOVRD
[EC = AIET ENCNTR
I[EI = AIEl ENIO

The family of IBx signals remove an interrupt circuit from
the active state.

IBO = AIB LEVACT
IBC = AIB LEVACT NHBZC

HBZC = /HBZC/ = BZO

BZO = ISNIP7
BI = AIB LEVACT NHBZI
HBZI = /HBZI/ = BZC

BZC = N(NHBZC NISNIPII)
BZI = N(NHBZI NISNIPI5)

The family of ARMx signals cause g change of state from
active to armed (011).

ARMOVD = IBO LEVARM
ARMCTR = IBC LEVARM
ARMIO = IBI LEVARM

Signals AIE1, AIB, LEVACT, and LEVARM are generated
during an interrupt sequence. If the LEVARM signal is false,
the interrupt circuit will be left in the disarmed state (001)
after transfer from the active state. Signal BZI enables
external interrupts to be controlled.

Memory Address Control. Signals INTO through INT8
retain a code addressing the memory location associated
with an interrupt level. This code, which is transferred to
the P-register during the interrupt sequence, is established
by priority signals generated in the interrupt circuits.

Signals INTO, INTI, and INT3 are false for any internal
interrupt level. Signals INT2 and INT4 are true for any
internal interrupt level.

INT2 =
INT4 =

ENOVRD + ENCNTR + ENIO + ...
ENOVRD + ENCNTR + ENIO + ... ,

R I \5\’
Thus signals INTO through INT8 hold the code 0o101 XX\;XX

for any internal interrupt level, R

Signals INTS through INT8 hold a code dependent upon l}he
internal interrupt level enabled.

INTS = ENCNTR + ENIO + ...
INT6 = OVLNé6 ENOVRD + ENIO + ...
OVLNé = R45 + R67
INT7 = OVLN7 ENOVRD + CNLN7 ENCNTR
+ IOLN7 ENIO + ...
OVLN7 = R23 + R67
CNLN7 = RI011
IOLN7 = RI1415
INT8 = OVLN8 ENOVRD + CNLN8 ENCNTR
+ IOLN8 ENIO + ...
OVLN8 = REIP! + REIP3 + REIP5 + REIP7
CNLN8 = R911
IOLN8 = REIP13 + REIPIS
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Although more than one circuit may be waiting and enabled
at a time, only onc of the

with the internal interrupt circuits can be true at any
time. The last four bits of the code held by signals INTO
through INT8 will be any of 0000 through 1111, depending
upon the interrupt circuit which controls the interrupt.
Therefore, the address code for an internal interrupt will
be any value between 0 0101 0000 and 0 0101 1111
(hexadecimal 050 through 05F).

Rx cr REIPy cignals associated

SERVICE ROUTINE SEQUENCE, A timing diagram for an
interrupt operation which transfers control to a stored
service routine is illustrated in figure 3-56,

When an interrupt circuit is waiting and enabled, INT is
sef.

INT? = ENOVRD + ENCNTR + ENIO
+ LINREQ NEWDM

The three interrupt flip-flops are then set at the end of
phase 10 of a program instruction,

S/INT

S/INTRAP1 = (S/INTRAP) NRESET
S/TNTRAPZ - (5/IINTRAFZ) INRLSLT
(S/INTRAP2) = (S/INTRAP) + ...

At the following CPU clock, CEINT is set and INTRAP2 is
resef.

S/CEINT
R/INTRAP2

INTRAP1 INTRAP2 NTRAP + ...

L]

The CPU clock is inhibited until signal ARE is true, and
signal PXINT is true to enable transfer of address data to
the P-register.

CLEN = NCEINT + CEINT ARE + ...
ARE = AIEl IMC
PXINT = INTRAP1 NINTRAP2 NTRAP

S/INTRAP = (S/INTRAP) NRESET
(S/INTRAP) = INT IEN NINTRAP Chomgon of sere i the intrtopt sitcut by i e gured
IEN = KRUN PH10 NIOSC NDCSTOP clock signal GCLK.
M L L, il L 1,
e | L T —
INTRap | L_'_f .
INTRAPL_ | | y _
INTRAP2 1 ] » 3
cent [ | ‘{‘ﬁ | 1 :
PNt | 1 #:‘; -,
ARE I o I_—_L——(
o S L — I ‘ /
AIE] | [__/‘; ,
AlE2 Y | ]___',
LEVACT " [ 1 ;
LEVARM o Tt = - ,
tex A S —
1o 15— I L ~
ARMx L T - |
- 90]]7:3504

Figure 3-56. Service Routine, Timing Diagram
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S/AIB = (S/AIB) NAIB

(S/AIB) = PXINT NAIET + ...
R/AIB = ...

C/AIB = NIMCS

S/AIEl = AIB PXINT

RZAIET = ...

C/AIEl = NIMCS

GCLK = IMC (NAIB + NPXINT)

While signal AIE] is true, a true IEQ, IEC, or IEI signal
causes the interrupt circuit to transfer from waiting and
enabled (111) to active (101).

R/IPn = RnlIEx + ... (typical)
IEO = AIE1 ENOVRD

IEC = AIEl ENCNTIR

IEI = AIE1 ENIO

If the interrupt logic is servicing an external interrupt,
signal DAT26 is generated to enable the change of state
in the external circuit.

DAT26 =  AIEl + ...

After signal ARE is true, a CPU clock is generated, resetting
INTRAPI, setting INTRAP2, and resetting CEINT.

R/INTRAP1 = NINTRAP2
S/INTRAP2 = INTRAP! NINTRAP2 + ..,
R/CEINT = e

At this time, the XPSD instruction in the assigned memory
location is extracted from memory and executed. The
service routine addressed by the XPSD instruction may
itself be interrupted. A service routine which is not inter-
rupted is terminated by an LPSD instruction which sets
CEINT at exit from phase 4 and causes LEVACT to be true
during phase 5.

S/CEINT
LEVACT

FAPSD PH4 NO7 R30 + ...
FAPSD PH5 NO7 R30 + ...

il

The CPU clock is inhibited until signal ARE is true.

CLEN = NCEINT + CEINT ARE + ...
ARE = AIE2 IMC + ..:
S/AIB = (S/AIB) NAIB
(S/AIB) = LEVACT NAIE2 + ...
R/AIB = ...
C/AIB = NIMCS
S/AIE2 = AIB LEVACT
R/AIE2 = ...
C/AIE2 = NIMCS

As the interrupt service routine ends, the interrupt circuit
which initiated the operation is transferred from the active
state (101) to either the disarmed state (001) or the armed
state (011). For any change of state, bit position 10 of the
LPSD instruction must contain a one, causing R30 to be set,
and enabling LEVACT to be true.

R/1Sn =
IBO =

NIPn NISNIPy IBO + ...
AIB LEVACT

(typical)

If bit position 11 of the LPSD instruction contains a one,
R31 will be set, LEVARM will be true, and the change of
state will be from active to armed (101 to 011).

S/LPn = ISn NISNIPy ARMOVD + ... (typical)
ARMOVD = [BO LEVARM
LEVARM = LEVACT N(FAPSD PH5 NR31)

If bit position 11 of the LPSD instruction contains a zero,
R31 will not be set, and the change of state will be from
active to disarmed (101 to 001).

If the interrupt logic is servicing an external interrupt,
signals DAT27 and DAT28 are generated to enable changes
of state in the external circuit.

DAT27
DAT28

AIB LEVACT
LEVARM

After signal ARE is true, CEINT is reset to return all signals
to the state existing before start of the interrupt operation.

R/CEINT = ...

MODIFY AND TEST SEQUENCE. The sequence of opera-
tions for an interrupt that transfers control to a modify and
test instruction is similar to the sequence that transfers
control to an XPSD instruction and the associated service
routine, When the interrupt circuit is waiting and enabled
and has priority, INT is set, and the interrupt operations
follow phase 10 of the program instruction. After INTRAP,
INTRAP1, and INTRAP2 are set, the CPU clock is inhibited,
the interrupt circuit is placed in the active state, and the
contents of the memory location are extracted and exe-
cuted, as described for the service routine sequence.

During a modify and test sequence of a counter interrupt,
count-equals-zero signal S0031Z is sampled, and a count-
equals-zero interrupt circuit may be placed in the waiting
state (11X) if the register contains all zeros.

S/1S8 = [IP8 SR8 (typical)

SR8 = CNTZREQ ISNIP2
CNTZREQ = FAMT PH2 INTRAP S0031Z
ISNIP2 = 152 NIP2
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The interrupt circuit is always transferred from the active
state {101) to the armed state (011), because LEVARM ic
always true.

1

R/1Sn NIPn NISNIPy IBO + ... (typical)
IBO = AIB LEVACT

LEVACT = FAMT PH2 INTRAP + ...
S/1Pn = ISn NISNIPy ARMOVD + ...
ARMOVD = IBO LEVARM

LEVARM = LEVACT N(FAPSD PH5 NR31)

After the modify and test instruction has been extracted
from memory, it inhibits the CPU clock by setting CEINT,

S/CEINT = FAMT PHI INTRAP + ...
enables the CPU clock by controlling AIB and AIE2,

(S/AIB) = LEVACT NAIE2 + ...
S/AIE2 = AIB LEVACT
LEVACT = FAMT PH2 INTRAP
and terminates the sequence by resetting INTRAP.
R/INTRAP = FAMT PH?

The modify and test sequence iscontrolled by the modify and
test word instruction described in paragraph 3-69. The ad-
dress of the next instruction in sequence is stored during PREP
phases. Therefore, a modify and test sequence is a single-
instruction interrupt.

EXTERNAL INTERRUPTS. External interruptsalso control an
interrupt circuit containing three flip-flops. The priority of
an external interrupt dependsupon cable connections with
the CPU and the position of the external interrupt in the set
of 16.

When an external interrupt is waiting and enabled and has
priority, it will generate a true INT? signal, and cause INT
to be set, as for an internal interrupt. The true INT9 signal
is generated by a DAT25 signal when no WD instruction in
the interrupt mode is active.

INT? = LINREQ NEWDM + ...
LINREQ = /DAT25/
EWDM = NBI16 NB17 NB18 B1? DIOWD

The address of the interrupt is transmitted over lines DAT16
through DAT24.

INTO = LINOO NEWDM + ...
INT8 = LINO8 NEWDM
LINOO = /DATI¢/
LINO8 = /DAT24/
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Change of state of the external interrupt circuit from
‘:‘/C.“!ﬁ"?g gnd engbled ” 1 ‘) tn active ”0]) is confro”ed by
line DAT26.,

DAT26 = AIEl + ...

Change of state from active to armed (011) or disarmed
(001) is controlled by lines DAT27 and DAT28.

DAT27
DAT28

i

AIB LEVACT + ...
LEVARM + ..

I

All external interrupts are inhibited if EI of the program
status doubleword is set.

DAT29 = NEI NEWDM + ...

WRITE DIRECTION OPERATION. A write direction (WD)
instruction can control the interrupt operation in two ways.
When operating in the internal mode, it may control the
states of flip-flops CIF, EI, and II, which may inhibit the
priority chain signals. When operating in the interrupt mode,
it enables signals DAT16 through DAT31, which are inputs
to interrupt circuits 2 through 15. These inputs have the
following general form, in which y = x + 14 for x = 2,3,...15.

S/INx = DATy AEENLE

DATy = Sy EWDM
R/INx = DATy ADBDB + REN
S/IPx = DATy AEADB + ...
RAIPx = DATy DARM + ...
S/ISx. = DATy IPx TRIG + ...
R/ISx = DATy DARM + ...

These signals change the state of interrupt circuits when a
WD instruction in the interrupt control mode (bits 16
through 19) presents a code (bits 21 through 23) addressed
to any group (bits 28 through 31). The details of this opera-
tion are explained in the following paragraphs.

When a WD instruction in the interrupt control mode is
executed, NDIOWD is reset and signal EWDM is true.

R/NDIOWD
EWDM

i

FARWD PH1 OLD (WD instruction)

NB16 NB17 NBI8 B19 DIOWD
(Interrupt control mode 0001)

These signals initiate the sequence of operations illustrated
in the timing diagram of figure 3-57.

During phase 3 of the WD instruction, NDIOFS is reset and
CNA is set.

1l

R/NDIOFS FARWD PH3

S/CNA

DIOFS EWDM NCNB
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N1MCS

DIOWD _]

DIOFS

EWDM

CNA

CNB

DIOIND

DIOCEXIT

I0ACT

| L

PN 11 PR | N 1
1

—

GRPO I

901172A, 3505

Figure 3-57. Write Direct Sequence, Timing Diagram

If the WD instruction is addressed to group 0, signals

DATI16 through DAT29 control the interrupt circuits while

CNA remains in the set state.

GRPO

AEENLE

ADBDB

AEADB
DARM

REN

TRIG

il

1

1l

NB28 NB29 NB30 NB31 CNA
(Group 0000) .

NB23 GRPO (Code XX0)

B21 NB22 GRPO + NB21 B22 GRPO
{Code 10X + 01X)

NB21 B22 GRPO (Code 01X)
NB21 GRPO (Code 0XX)

B21 B22 NB23 GRPO + RESET
{Code 110)

B21 B22 B23 GRPO (Code 111)

The code stored in bits B21, B22, and B23 cause changes
of state in the interrupt circuits as summarized in tables

3-13 and 3-14.

While signals DIOFS and EWDMare true, flip-flops CNA and
CNB cycle through states (00, 10, 11, 01). at the 1-MHz clock

rate. Retum tostate 00 cannot occur uniil signal NDIOFS is
true.

S/CNA = DIOFS EWDM NCNB
R/CNA = ...

C/CNA = NIMCS

S/CNB = CNA

R/CNB = NDIOFS

C/CNB = NIMCS

Table 3-13. Function of Codes for WD Interrupt
Control Mode

CODE OPERATION
B21 | B22 | B23
0 0 0 Undefined
0 0 1 Disarm all levels selected by a 1; all
levels selected by a 0 are not affected

(Continued)
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Function of Codes for WD Interrupt
Control Mode (Cont.)

Table 3-14. Signals Enabled by Codes for WD Interrupt

Contral Mod

Mode, and Resulting Changes of State (Cont.)

CODE

OPERATION

B21

B22 |[B23

Arm and enable all levels selected by
a 1; all levels selected by a 0 are not
affected

Arm and disable all levels selected by
a 1; all levels selected by a 0 are not
affected

Enable all levels selected by a 1; all
levels selected by a 0 are not affected

Disable all levels selected by a }; all
levels selected by a 0 are not affected

Enable all levels selected by a 1 and
disable all levels selected by a 0

Trigger all levels selected by a 1.

All such levels that are currently
armed advance to the waiting state.
Those levels currently disarmed are
not altered, and all levels selected by
a 0 are not affected

Table 3-14. Signals Enabled by Codes for WD Interrupt
Control Mode, and Resuiting Changes of State

TRUE CONTROL CHANGE OF STATE
CODE SIGNALS (ISn, IPn, INn)
DATy =1 DATy=0
001 | DARM XXX—=00X |No change
010 [AEENLE,ADBDB,| XXX—=011 |No change
AEADB, DARM
011 | ADBDB, AEADB, | XXX—=010 | No change
DARM
100 | AEENLE, ADBDB| XXX—=XX1] No change
101 | ADBDB XXX——=XX0{ No change
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TRUE CONTROL CHANGE OF STATE
CODE| SIGNALS (ISn, IPn, INn)
DATy = | DATy = 0
110 |AEENLE, REN | XXX——=XX1 | XXX——=XX0
111 |[TRIG (ifIPn) | XIX——=11X |No change
(if NIPn) | X0OX —= X0X

When CNA and CNB reach the 01 state, they generate a
true FSA signal (function strobe acknowledge) which sets

DIOT3.

FSA
$/DIOT3

i

1

NCNA CNB + ...
FSA + ...

Flip-flops DIOT1, DIOT2, and DIOT3 cycle through a
sequence (000, 001, 111, 110, 010) and wait for a false
IOACT (input/output active) signal.

S/DIOTI
DIOIND
S/NDIOFS

R/DIOTI

S/DIOT2

R/DIOT2

$/DIOT3

R/DIOT3

C/DIOTI

It

DIOIND

NDIOT2 DIOT3
DIOIND + ...
NDIOT3

DIOT! + DIOIND
NIOACT

DIOIND + ...

C/DIOT2 = C/DIOT3 = CL
(CPU clock rate)

When these flip-flops reach state 010, they generate a true
DIOEXIT signal and set NDIOWD,

DIOEXIT

S/NDIOWD

NDIOTI DIOT2

DIOEXIT + ...
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3-31 MEMORY
3-32  Introduction

The Sigma 5 memory has a maximum storage capability of
131,072 33-bit words. Physically, a memory of this size
occupies eight separate frames mounted in four memory
cabinets. The total memory size of any Sigma 5 computer
can range from 4K to 128K words in increments of 4K. The
abbreviations for memory sizes (4K, 8K, 16K, 32K, 64K,
etc.) are used for convenience throughout this manual. The
factor K is equal to 1024; thus, for example, a 128K mem-
ory contains 131,072 words.

The various standard and optional units that make up the
total Sigma 5 memory are listed in table 3-15.

Figure 3-58 shows the interconnection for eight memory
banks and three ports that make up the total Sigma 5
memory sysiem consisting of one CPU and two input/
output processors.

3-33 Memory Bank

Figure 3-59 shows a functional block diagram of a memory
bank. A sigma 5 computer system can have up to eight of
these memory banks, each bank containing from 4K to 16K
words in increments of 4K. This diagram also shows the
ports (A, B, and C) through which data, address, and con-
trol signals flow.

The magnetics section contains the following:

a. Ferrite cores

b. Decoding logic

Paragraphs 3-31 to 3-33

c. Current and voltage switches
d. Current and voltage predrivers

e. Sense amplifiers

Data is stored in the ferrite cores. The decoding logic,
electronic switches, drivers, and sense amplifiers are used
to put data into the cores and to read the data out of the
cores.

MEMORY PORTS. The memory ports provide a means of
accessing memory from different sources. The standard
Sigma 5 computer is provided with one port (port C) through
which the CPU (and the integral IOP) accesses memory. A
second port (port B) and a third port (port A) may be added
as options to provide memory access by input/output device
controllers and input/output devices via multiplexing or
selector IOP's,

The L-register holds address information fed through the
port address paths. Addresses are fed through the ports as
follows:

a. LAIS5 through LA31 are fed through the port A
address path to the L-register.

b. LB15 through LB31 are fed through the port B
address path to the L-register.

c. LCI15 through LC31 are fed through the port C
address path to the L-register.

Table 3-15. Sigma 5 Memory Models and Options

Maximum Number
Model Description Prerequisite Required
8251 4K Memory, Single Access (Port C) 8201 8
8252 4K-8K Memory Expansion 8251 8
8252 8K-12K Memory Expansion 8252 8
8252 12K-16K Memory Expansion 8252 8
8255 Two-Way Access (Port B) 8251 8
8256 Three-Way Access (Port A) 8255 8
8257 Port Expander F (First) (Six-Way Access, One Memory) 8256 4
8257 Port Expander S (Second) (One Memory-Two Memory 8257 (F) 4
Six-Way Access Expander)
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Figure 3-58. Memory System Interconnection for Eight Memory Modules, One CPU, and Three IOP's
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Before data is processed and stored in the magnetics section,
the data is transferred to the M-register. For example, for
data to be stored, the sequence occurs as follows:

a. MAOQO through MA3I are fed through the port A
data path to the M-register. The data then goes from the
M-register to the magnetics section.

b. MBOO through MB31 are fed through the port B
data path to the M-register. The data then goes from the
M-register to the magnetics section.

c.  MCOO through MC31 are fed through the port C
data path to the M-register. The data then goes from the
M-register to the magnetics section.

Similarly, data read out of the magnetics section goes
through the ports via the M-register. Parity is generated
in the section labeled Parity.

Control logic is contained in the central control section
and individual port controls (port A control, port B control,
and port C control). The logic controls port priority. In
case of memory access conflict, port A has the highest
priority, port B second highest, and port C the lowest.

Signals fed into the memory via the ports are shown in the
functional block diagram, figure 3-59. Note that the last
letter of a signal in the block diagram usually indicates in
which port the signal originates. For example, signal AHA
comes from port A logic, AHB comes from port B logic, and
AHC comes from port C logic. Exceptions are signals ORBC,
ORAC, and ORAB, which are port override signals. Signal
ORBC, for example, is fed to port A to override ports B

and C.

PORT EXPANDERS. A port expander unit accepts up to
four input buses and connects to a memory port to expand
that port from one to four inputs specified as 0, 1, 2, and 3.
A port expander can be connected to either port A or port
B, but not both, in a Sigma 5 memory. The port expander
must provide address modification for each of its four inputs
so that the memory may be assigned independent addresses
for each input bus. The four inputs to the expander have a
fixed priority relationship for the resolution of access
request conflicts in decreasing numerical order.

Figure 3-60 shows a port expander connected to port A of
memory banks 0 and 1. Port expander F is connected to
bank 0, and port expander S is connected to bank 1.

3-34 Inferleaving

Address interleaving between any two or more memory
banks in a Sigma 5 system exists whenever the INTER-
LEAVE SELECT switch on the PCP is in NORMAL position
and certain addressing constraints have been met. The
objective of interleaving is to obtain a faster average
access time for a sequence of addresses. With interleaving
in effect, no two consecutive addresses will reside in the

Paragraphs 3-34 to 3-35

same memory bank. Since each memory bank is inde-
pendent of the others, memory access to two or more
modules simultaneously is possible. This simultaneous
access to memory is common between the CPU and the I/0
channels. Whenever addressing conflict occurs, as when
two separate sources attempt to access the same bank at
the same time, access is granted on a port priority basis
with port A having the highest priority, port B the next
highest priority, and port C the lowest priority.

Each memory bank is assigned a set of addresses to which

it responds. As viewed from any of the memory ports, each
memory bank may have a different set of addresses. In
general, however, each bank is assigned the same addresses
for each port to which it is attached.

The basic interleaving constraints are:

a. The starting address of a memory bank must be a
multiple of the bank size.

b. The total interleaved memory must be on its own
boundary.

c. The starting addresses for each bank must be
assigned so that no gaps or overlaps exist in the address
field for the noninterleaved mode.

d. The total interleaved memory size must be 8K,
16K, 32K, or 64K. Interleaving cannot extend from the
first 64K memory into the second 64K memory.

e. No more than four banks can be interleaved.

f. 12K banks cannot be interleaved, and their

starting addresses must begin on an integral boundary of
16K.

Any combination of memory banks that satisfies the above
constraints can be interleaved. The interleaved address
field will cover the same range as the noninterleaved field.
All interleaving capabilities are nullified when the INTER-
LEAVE SELECT switch on the PCP is placed in the DIAG-
NOSTIC position.

3-35 Memory Elements

The elements making up the total memory are defined as
follows:

MEMORY. A memory consists of the total number of
memory words in a Sigma 5 system. The minimum memory
consists of 4K words, the maximum memory consists of
128K words.

3-99



SDS 901172

FROM OTHER
SOURCES -
CPU'S, 1OP'S

FIRST MEMORY CABINET

PORT

EXPANDER F

|

PORT
ENPANDER S

]

TO SECOND
~MEMORY
CABINET

A

B

MEMORY BANK 0

A

MEMORY BANK 1

CPU

IOP

R IUEU I A IV, |INSCS |G OGS UGS R U S UM SR p—— | ——

901172A, 3302

3-100

Figure 3-60. Port Expanders F and S (First and Second)




SDS 901172

BANK. A memory bank is a complete and independent
memory unit and consists of from one to four memory stacks
located in a single memory frame., The memory bank is
made up of 4 to 16 core diode modules plus other control
and timing electronics. A memory bank is mounted on four
wired backboards together with a PT16 logic supply and a
PT17 memory supply side-mounted to the frame. All mem-
ory banks are wired in exactly the same way and differ
only in the complement of core diode modules (or stacks)
which are mounted on the frame.

STACK. A memory stack is the smallest memory increment.
It consists of 4096 (4K) words of core memory mounted on
four core diode modules.

3-36 Memory Switches

Several toggle switches are associated with each memory
bank. These switches, mounted on ST14 switch modules,
are set to designate the bank number, the total interleave
memory size, the memory bank size, and ports A, B, and C
starting addresses for each memory bank. (See figure 3-61.)

BANK NUMBER SWITCHES. Three bank number switches,
NO, N1, and N2, are provided on each frame. These
switches are set fo a binary configuration representing the
number assigned to that bank and are associated with the
number of the memory fault light appearing on the PCP.

A maximum of eight memory banks can be incorporated in
a Sigma system. These banks are assigned numbers 0 through
7, representing all the combinations of the three toggle
switches. In general, memory banks in the left-most mem-
ory cabinet are assigned numbers 0 and 1; the next memory
cabinet to the right contains banks 2 and 3, and so on
until all banks have been assigned numbers.

BANK SIZE SWITCHES. Bank sizes are available in 4K,
8K, 12K, and 16K words. Two toggle switches, SO and SI,
are provided on the switch module in each bank for identi-
fying memory size. These switches must be set to the
number corresponding to the bank size. The binary config-
uration 00 represents 4K, 01 represents 8K, 10 represents
12K, and 11 represents 16K.

STARTING ADDRESS SWITCHES. Five toggle switches,
515 through S19, are provided in each memory bank for
each port that the bank contains. These five switches are
set to represent the five most significant bits of the starting
address contained in that bank. The five most significant
bits of the bank address are address lines L15 through L19.

INTERLEAVE SIZE SWITCHES. Each memory bank has

four toggle switches to designate the total interleaved mem-
ory size. These switches, 564, 532, 516, S8, are used to
indicate the total size of the memory to be interleaved.
Only one of these switches can be true at the same time
since only 8K, 16K, 32K, or 64K size memories can be
interleaved.

PORT EXPANDER SWITCHES. Each bank has a port ex-
pander switch for port A and another port expander switch
for port B. If a port expander is connected to either one of
these ports, its port expander switch must be set to a one;
otherwise, the port expander switches must be set to zero.

Paragraphs 3-36 to 3-38

3-37 Memory Configuration

Many Sigma memory configurations are possible. Figures
3-62 through 3-64 show these examples of several possible
combinations of an interleaved memory, their physical place-
ments in frames and cabinets, their interleaving capabilities,
and their corresponding switch settings. Note that there is
no fixed and arbitrary relationship between the memory
addresses and their physical placement. However, it is
general practice to designate the banks in the left-most
cabinet (cabinet 1) as banks 0 and 1; the banks in the
cabinet to the right (cabinet 2) has modules 2 and 3, and so
on until all memory banks have been assigned numbers.

Note that the example shown in figure 3-54 does not follow
this convention. It would be preferable to locate the two
8K banks in cabinet 1 and the 12K bank in cabinet 2.

It is not possible, in this example, to assign the 12K bank
any number other than bank 2.

3-38 Interleave Transformation

With interleaving of memory addresses in effect, the port
address lines are transformed by exchanging two of address
bits 16, 17, 18, and 19 with address bits 30 and 31, de-
pending upon the configurations of the bank size switches,
the interleave size switches, and the bank number switches.
(See figure 3-65.) The discussion of interleaving in the
following paragraphs is limited to port C, although all
statements apply to ports A and B as well.

Interleaving occurs only when the INTERLEAVE SELECT
switch on the PCP is in the NORMAL position. When this
switch is in DIAGNOSTIC, interleaving is inhibited. The
override interleave signal, ORIL, is derived from the
INTERLEAVE SELECT switch, and is true with the switch in
the DIAGNOSTIC position.

Figure 3-66 shows a simplified diagram of how the address
lines of port C, LC15 through LC31, are transformed to the
interleaved address that selects the memory bank and the

X and Y predrive selection circuits of core memory. The
address bit exchanges that perform the interleave address
transformation are indicated in table 3-16. Detailed inter-
leave transformation logic for port C is shown in figure 3-67.

Table 3-16. Interleaving Address Bit Exchange

Memory Interleave Address Bit
Size Bank Size Exchange
8K 4K (NSO NS1) [19-==31
16K 4K (NSO NS1) [19==30, 18~=—=31
8K (NSO S1) , 18=—=3]
32K 4K (NSO NS1) |17==—=31, 18~===30
8K (NSO S1)  [17=—=31, 18=—=30
64K 16K (SO ST) | 17~—=31
16K (50 S1) 1 7a—=30, 1631
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Figure 3-67. Memory Address Register and Interleave Transformation Logic (Sheet 1 of 2)
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3-108



SDS 901172

ADDRESS HERE, After address transformation takes place,
the five most significant address bits are compared with the
configuration set into the starting address switches for each
port. These five address bits make a valid comparison with
the starting address switches in only one bank..  (See

figure 3-68.)

Signal AHC is returned to the source requesting memory
access to indicate that the address exists. Note that if
address lines L18 and L19 are true in a 12K memory bank,
the address here signal will be inhibited.

3-39 Memory Access Request

The memory request interface signals, /MQA/, /MQB/,
and /MQC/ are initiated by the source through either ports
A, B, or C. After these signals are received by the memory
bank, they are subjected to port override logic gating.

(See figure 3-69.) The port override signals are available
for special system uses to allow any designated port access

to memory at the exclusion of the other two ports.

The port override signal, ORAB, when true, allows a
request from port C to be initiated, but denies all access
to ports A and B. Signal ORAC, when true, allows a
request from port B to be initiated, but denies all access
to ports A and C. Signal ORBC, when true, allows a
request for port A to be initiated, but denies all access
to ports B and C.

3-40 Port Priority

The three ports — A, B, and C —are assigned priority in
alphabetic sequence. Port A has the highest priority, port
B has the next highest, and port C has the lowest. Ports A
and B are called the slow ports because of delays involved
in assigning priority before the memory cycle. Port C is
called the fast port because the logic is designed to favor
it. In the absence of requests from either port A or port B,
the logic is already set up to handle a request from port C;
that is, signal ADC is normally true when no requests are
present from ports A or B.

Ports A and B have two separate logic paths by which
priority is assigned. One logic path is used when the
memory is idle or not busy (NMB). The other logic path
is used when requests arrive while the memory is busy
processing a previous request (MB).

Port priority logic is shown in figure 3-70. Signals ADA,
ADB, and ADC establish priority for ports A, B, and C,
respectively. If neither port A nor port B is requesting
access to memory, signals ADA and ADB are false, forcing
signal ADC true. (See figure 3-70.)

ADC = NADA NADSB
The two separate logic paths previously mentioned by which

priority between ports A and B is established are shown in
figure 3-70 A and B. The first path (logic for APA and APB)

Paragraphs 3-39 to 3-42
is used when a request from port A or port B is made and
the memory is not busy processing a previous request (NMB).

AHAEXP MQAT NMB NCFA NCFB
AHBEXP MQBT NMB NCFA NCFB NAPA

APA
APB

1

Note that if APA is true, APB is forced false, thus estab-
lishing port A priority over port B.

The second path (logic for CFA and CFB) is used when a
request from port A or port B is made while the memory is
busy processing a previous request (MB).
CFA
CFB

AHAEXP MQAT TW320 NTW340
AHBEXP MQBT TW320 NTW360 NCFA

il

Note that if CFA is true, CFB is forced false, thus estab-
lishing port A priority over port B.

3-41 Address Release

After a memory request has been made and port priority
established, the memory cycle is initiated.

MI = AHC MQC NMB NAB
+ TP200 (ADA + ADB)
+ NMB (CFA + CFB)
At this point, the source making a request has not been
informed whether its request has been accepted or not.
Sixty nanoseconds after the memory cycle has been initi-

ated, the address release signal for the active port is
raised. (See figure 3-70.)

/ARA/ = AROA = ADACO TR060
/ARB/ = AROB = ADBCO TRO40
/ARC/ = AROC = ADCCO TR00

It is this signal that informs the source requesting memory
access that its request has been honored and that it may
now release its address.

3-42 Memory Cycles

Information is transmitted to or accepted from memory in
the form of words accompanied by byte presence indi-
cators. Parity checking and generation is provided for all
memory operations on a word basis. Thus, the Sigma 5 has
three modes of operation:

a. Read-restore

b. Full clear-write

c. Partial clear-write
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Figure 3-69. Memory Request and Port Override Logic
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READ-RESTORE. The read-restore operation consists of:
a. Reading a word from a specified address in memory.
b. Gating the word into the M-register.
c. Checking parity.
d.  Writing (restoring) the word that has just been
read and gated into the M-register back into memory. The
word is written back into the same address from which it

was extracted.

FULL CLEAR-WRITE. A full clear-write operation consists

of:

a. Clearing the memory location. This is done by
reading the word but not gating it into the M-register.

b. Piacing a new word into the M-register,
c. Writing the new word into memory.

PARTIAL CLEAR-WRITE. A partial clear-write operation
consists of:

a. Reading a word from a specified address in
memory.

b. Gating the word into the M-register.
c. Checking parity.

d. Inserting the new byte or bytes into the M-register
under control of the byte presence indicators without dis-
turbing the remaining bytes.

e. Generating new parity.

f.  Writing the contents of the M-register into
memory,

The mode of memory operation is determined by either the
CPU or the IOP by setting the byte presence indicators,
MWO, MW1, MW2, and MW3 in the memory via ports A,
B, or C. The basic logic for read-restore, full write, and
partial write is:

RD = NMWO NMWIT NMW2 NMW3
WF = MW0 MW1 MW2 MW3
WP = NRD NWF

Figure 3-71 shows detailed logic for the memory mode
determination.

3-43 Memory Delay Lines

Memory timing is controlled by two 600 nsec delay lines.
Each delay line has taps at every 20 nsec interval. Buffer

Paragroph 3-43

or inverter delay sensors pick off the delay line pulse at
strategic intervals, The outputs of these buffers and inverters
are distributed to the memory control logic to provide the
basic memory timing.

One memory delay line is associated with the first half-
cycle of a memory operation and is initiated by signal
S/READDL. The other delay line is associated with the
second half-cycle of a memory operation and is initiated
by the signal S/WRITEDL. Two separate delay lines are
required for the partial write mode in order to split the first
and second half-cycles because of the time involved in
checking parity after the read half-cycle, and regenerating
a new parity before the write half-cycle is initiated. For
this mode of operation the two half-cycles must be separated
by more than the normal amount of time.

Figure 3-72 shows all the major input logic and output
timing signals associated with these two delay lines.

Communication between the memory and units connected to
memory through the ports is asynchronous. For this reason
the timing of many signals is referenced to an interval time
designated as 0. Time t0 corresponds to the actual start of
a cycle for any given port.

The time interval between the receipt of a memory request
at the port and the occurrence of 10 is called the selection
interval, The time interval between t0 and the end of the
memory cycle (when the memory is no longer busy) is called
the active interval and is dependent upon the mode of oper-
ation. The active interval satisfies the following
requirements:

Minimum Maximum
Mode Nanoseconds Nanoseconds
Read-restore 755 830
Full clear-write 755 830
Partial clear-write 1155 1230

The active interval and the basic cycle time are not the
same. The basic cycle time is the inverse of the maximum
cycle rate in nanoseconds and can vary as follows:

Minimum Maximum
Mode Nanoseconds Nanoseconds
Read-restore 770 870
Full clear-write 770 870
Partial clear-write 1170 1270
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Figure 3-71. Read, Full Write, and Partial Write Logic Diagram
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Figure 3-72. Read and Write Delay Lines
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In contrast to the precision of the active interval, the
selection interval is widely variable. The selection
interval is dependent upon the following: )
a. The port requesting service.
b. The current state of the memory.

c. The mode of operation.

d. Current and subsequent requests presented to
other ports.

With respect to the start-up condition (that is, with mem-
ory not initially busy and no request on other ports), the
following conditions exist:

Port Minimum Nanoseconds Maximum Nanoseconds

A 235 330
B 235 330
C 25 80

The start-up condition corresponds to the minimum selection
interval that would be observed for a given port of a given
memory. The sum of an access interval and a selection

memory cycle timing for a partial-write operation for a
request from port C is shown in figure 3-74. In this latter
case, the clear half-cycle and the write half-cycle are
separated in time by 260 nsec to allow for parity checking
and regeneration.

The selection interval time required when either
port A or port B initiates a memory request is shown in
figure 3-75.

With the memory not busy (NMB) the selection interval is
provided by the port delay line. (See figure 3-76.) The
port delay line is initiated only when a request is made
from port A or port B and the memory is not busy.

S/PORTDL = IPD
IPD = NMB (APA + APB)
APA =  MQAT AHAEXP NMB NCFA
NAPA NAPB + APA NMI
APB = MQBT AHBEXP NMB NCFB

NCFB NCFC NAPA + APB NMI

After 200 nanoseconds, the memory cycle is initiated by
setting a timing pulse into the read delay line.

interval is not necessarily related to the cycle time of the S/READL = M
memory. This is so because the selection interval of a _
request may be overlapped with the active interval of the MI = TP200 (ADA + ADB)
previous request. ADA = APA TP0460 NMI + ADA NTW340
, + ..

An example of basic memory c.ycle timing for both a read- ADB —  APB TPOGO MI + ADB NTW340
restore and a full-write operation for a memory request
from port C is shown in figure 3-73. An example of a + ..

MQC l |

MI I |

t0_ 100160200 300 500 _ 600

L I

000 100 200

I L

300 400 500 600

w_ b

READ/CLEAR R
_»‘ HALF CYCLE |‘_ ’4—

b

|

ESTORE/WRITE___|
HALF CYCLE

901172A, 3315

Figure 3-73. Read-Restore and Full Write Delay Line Timing for Port C
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Figure 3-74. Partial Write Delay Line Timing for Port C
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Figure 3-75. Read-Restore Delay Line Timing for Ports A or B
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DL100 { pL20o szoo

901172A, 3318

Figure 3~76. Ports A and B Delay Line

If a memory request is made from either port A or port B
while the memory is busy with a previous request, but has
not yet reached TW320 time of the current memory cycle,
signals CFA or CFB anticipate the required selection
interval delay by latching at TW320 time. Thus, at the end
of the current memory cycle, the read delay line will be
initiated. This condition is also shown in figure 3-75.

MI = NMB (CFA + CFB)
CFA = MQAT AHAEXP TW320 NTW360
+ CFA NMI
CF8 =  MQBT AHBEXP TW320 NTW360
+ CFB NMI
ADA = CFA TW400 + ADA NTW340 + ..
ADB = CFB TW400 + ADB NTW340
S/READDL = MI

The memory busy signal MB, when true, indicates that the
memory is engaged in a read or write operation. This sig-
nal is also held true during a memory halt condition to

3-118

prevent any new memory requests from being honored.
(See logic diagram 3-77.)

MB = ML + IPD + HALT + NTW560
NMBDLD
HALT = MR Memory reset
+ HOF MF  Halt on memory fault
MF = PE Parity error
+ MF NMFR
3-44  Abort

If an instruction attempts to write into a protected area of
memory, the CPU will raise the abort signal ABOC. This
signal must be seen in the memory within 100 nsec after the
read delay line has been initiated. With ABOC true, the
byte presence indicators, MWO through MW3, will unlatch
and be set to zeros.

MWO0/3 = NABO NTW460 + ... Latch

With the byte presence indicators set to zeros, the memory
cycle is changed from write mode to read mode, thus pre-
serving the integrity of the protected memory location.
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If a partial write operation is aborted, a special gate exists
to initiate the write delay line earlier than it would have
been if the instruction had not been aborted.

S/WRITEDL

IwD

I

IWD ABO TR160

This timing is shown in figure 3-74.

3-45 Memory Reset

Memory is reset when power is applied to the Sigma 5
computer (ST) or when the SYSTEM RESET button on the
PCP is pushed (MR). When MR goes true, signal HALT
goes high and inhibits any more memory cycles from start-
ing. After a 1 to 3 ps delay to allow the current cycle to
be completed, MRD goes true. Signal PFSRDLD, which is
normally false during memory operation, goes frue and sets
signal NTSSTB to inhibit the memory strobe. Signal
PFSRDLD also causes the memory fault indicators to drop.

Paragraphs 3-45 to 3-46

Signals NPFSRDLDT1, NPFSDLDT2, NPFSRDLDM and
NPFSRDLDC1 go false to drop other latches. In this way
the system is returned to its initial state. The data latches
are not reset.

3-46 Memory Fault

Each memory module contains eight memory fault gates.
(See figure 3-78.) Only one gate in each module can go
true, however, when a parity error occurs, depending upon
the setting of the module number switches NO, N1, and
N2, which is different in each module.

When a parity error occurs, the memory fault lamp associ-
ated with the memory module in which the error occurred
will light. Memory fault lights will be turned off when
either the /0O RESET or the SYSTEM RESET button is
pressed, when power is first applied to the system, or when
the proper read direct instruction is executed in the internal’

control mode.

2-3 uS}

POSITIVE DELAY ELEMENT

HALT
MI —{>O-> NMB

>c NMBOLD
NTW560 —
NMR
MR—
’— 1PD
MFR —Do—
HOF —
MF
PE

901172A, 3319

Figure 3-77. Memory Busy (MB), Logic Diagram
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PFSRDLD NPFSRDLDTI _ LATCHES X-CURRENT/
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/5T/—{CR S
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PE, POK
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e
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NN2 —

VARV

NNI1—

\/va

N2 —

A

N1 —

MFLO7
to b /MFLO7/

N2 —

901172A, 3320

Figure 3-78. Power Fail-Safe, Reset, and Memory Fault, Logic Diagram
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3-47 Data Register

The M-register, which is made up of the 32 buffer latches,
MO0 through M31, accepts data from the memory core
sense amplifiers (MD0OO-MD31) during read and partial
write operations. During full write and partial write oper-
ations the M-register accepts the port data and holds this
data until it is written into the core memory by means of

Y inhibit circuits.

Figure 3-79 shows all input and output gating for the most
significant bit of the M-register, MO0, Gating for MOO is
typical of all M-register bits, MOO through M31. The

parity bit, M32, is discussed separately in paragraph 3-51.

3-48 Read Timing and Data Flow

Figure 3-80 describes the basic timing requirements of
meimory read operafions. During the read operation the
M-register is cleared at TR020 time, and the core data is
gated into the register at TR220 time, latched by signal
MXMO/3,

MO0 = MD00 MXDOB + MO0 MXMO
M31 = MD31 MXD3B + M31 MXM3
MXDOB/3B = MWF TR220 + MXDOB/3B NTR420

1

MXMO0/3 NTR0O20 (NMWO/3 + NTR380

+ NWP)

Actually, the core data MDO0O-MD3I is placed onto the
data-bus lines, MCO0-MC31, before the M-register can
latch, by the following speedup gates.

MCO00

DGCO MD00 + DGCO MO0

MC31 DGC3 MD31 + DGC3 M31

The core data is also gated to the inverse M-register bits,
NMO00-NM3I, by speedup gates.

NMO0 = N(MD00 MXDOI)
NM3I1 = N(MD31 MXDa3l
MXDOI/31 = TR220 NWF + MXDOI/31 NTR420

The data remains on the memory bus only as long as the
data gate signal, DGC, is true — that is, from TR240 to
TR420 time.

DGCO/3
DG

DG
RD TR240 + DG NTR420

i

The data in the M-register, however, remains latched until
TRO20 time of the next memory operation.

Paragraphs 3-47 to 3-50

3-49 Full Write Timing and Data Flow

During a full write operation, the M-register is cleared at
TRO20 time. (See figure 3-81.) The data is read from the
addressed core location as in the read operation; however,
the core data is not gated to the M-register since the
transfer terms MXDOB/3B cannot come true. At TR160 time
the data to be written into memory is gated into the M-
register by signals MXCOB/3B.

MO0 = MXCOB MCO00 + MO0 MXMO
M31 = MXC3B MC31 + M31.MXM3
MXMO0/3 = NTR020 (NMWO + NTR480 + NWP)

3-50 Partial Write Timing and Data Flow

A partial write operation is distinguished by the configura~
tion of the byte presence indicators, MWO through MW3,
(See figure 3-81.) If these indicators are neither all zeros
(read) nor all ones (full write), the operation to be per-
tormed is a partial write.

RD = (NMWO NMWI NMW2 NMW3)
WF = (MWO MWI MW2 MW3)
WP = N(RD + WF)

A partial write operation reads a word from the addressed
memory location, retains those bytes of the word for which
the corresponding byte presence indicator is false, inserts
into the word new data into those bytes for which the
corresponding byte presence indicator is true, and writes
the result back into the same memory location. Parity is
checked on the contents of the original memory word, and
new parity is generated before the modified word is written
back into memory,

Timing and data flow for this operation is indicated in fig-
ure 3-82.

The M-register is cleared of its previous contents at TR0O20
time, and the memory word is read into the M-register at

TR220, gated by the signals MXDOB-MXD3B.
MXDOB/3B = NWF TR220

The contents of the M-register are then checked for parity.
At TR480 time those bytes of the original memory word now
in the M-register are cleared to zeros. This is accomplished
by dropping the latches of those bytes for which the corre-
sponding byte presence indicator is true.

MO0 = MO0 MXMO + ...

M31 = M31 MXM3 + ...

MXMO =  N(MWO TR480 WP) NTRO20
MXM3 =  N(MW3 TR480 WP) NTRO20
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Figure 3-79.

M-Register (MO0, Typical of M00-M31)
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Figure 3-80. Read Timing Diagram
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901172A, 3323

Figure 3-B1. Full Write Timing Diagram
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t0
READDL _I |
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WRITEDL ] l T ] | | T
M8 | I
MEMORY BUSY -t
XL ]
ADDRESS LATCH i

AROC l |

SRA | I

EDR [ ]
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STROSE [

MXD | CORE DATA TO M-REG |

CLEAR

MXMO/3 |_M-REG |

MXC

1
l_/l__J
CLEAR THOSE BYTES WHERE MWO/3 1S TRUE

TRANSFER PORT DATA TO THOSE
BYTES WHERE MWO/3 IS TRUE

PARITY OK = I—=POK

PE/POK PARITY ERROR => 1—=PE

901172A. 3324

Figure 3-82. Partial Write Timing Diagram

At TR560 time the new data bytes on the port bus are in-
serted into the previously cleared byte positions of the
M-register by signals MXCOB-MXC3B.

Il

MXCO0B MWO WP TR560

MXC38B MW3 WP TR560

I

and the write delay line is initiated.

S/WRITEDL
IWD

IWD
WP TR560

3-51 Parity Checking and Parity Generation

The Sigma 5 memory employs odd parity; that is, if any
memory word contains an even number of one-bits, its
accompanying parity bit will contain a one, or if any
memory word contains an odd number of one-bits, its
accompanying parity bit will contain a zero. Thus, each
word in memory is made up of 33 bits, 32 data bits plus
one parity bit, and the total number of one-bits in each
33-bit word must always be an odd number.

Whenever a word is read from memory, its parity bit is also
read into the buffer latch, M32.

M32 MD32 MXD3B + M32 MXM32

MXM32 Latch

NTR0O20 (NWP + NTR560)

Parity determination for both reading (parity checking) and
for writing (parity generation) is similar and shares much of
the same logic. Parity checking consists of checking bits
MOO through M32 for an odd number of one-bits. If these
33 bits contain an odd number of ones, signal POK is
raised. If these 33 bits contain an even number of ones,
the parity error signal, PE, is raised. Parity generation
consists of checking bits MOO through M31 for an odd
number of one-bits. If these 32 bits contain an odd number
of ones, M32 is allowed to remain in its reset state. If
these 32 bits contain an even number of ones, M32 is set to
a one.

Figure 3-83 shows the scheme for determining the odd/
even one-bit contents of the M-register. Four logic levels
consisting of parity generator circuits are required for
parity generation and parity checking. The first level
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consisting of PFOQ through PF27 determines odd/even con-
PF30
performs the same function except on only the two bits,
M30 and M31 and is true only if these two bits do not
contain an odd number of ones. The following logic is
typical of the first level.

figurations of the M-regicter in groups of three bits,

PFO0 NM0OO NMO1 NMO2
+ NM0O MO01 NMO02
+ MO0 NMO1 NMO02

+ MO0 MOT M02

Logic for PF30, however, is

PF30 NM30 NM31

+ M30 M3I
The second level parity determination gates, PS00, PSO9,

PS18, and PS27, use first level parity determination for
their inputs. The logic for PSOO is typical of PSO9 and

PS18. PS27 compares first level terms PF27 and PF30 only.

PS00 = NPFOO NPFO3 PF06
+ NPFOO PFO3 NPF06
+ PFOO NPFO3 NPF06
+ PFOO PFO3 PFO6
PS27 = PF27 PF30

+ NPF27 NPF30

Third level parity determination signal AP uses the second
level signals PSO0, PS0%, and PS18 as inputs while the
fourth level priority determination signal APE uses the

third level term AP together with PS27 and M32 as its

Trntite
NPV,

AP = NPS00 NPSQ9 PS18
+ NPS00 PSO9 NPS18
+ PSO0 NPS09 NPS18
+ PSO0 PSQ9 PS18
APE = NAP PS27 M32

+ AP NPS27 M32
+ AP PS27 NM32
+ NAP NPS27 NM32

PARITY CHECKING, Checking for parity occurs as soon
as a word has been read from the memory cores and is
transferred to the M-register. If all 33 bits of the word
(including the parity bit) contain an odd number of one-
bits, signal POK will go true at TR460 time.

POK = AP PS27 M32 PG
+ NAPE PG
+ POK TR460
PG = NWFS TR460 NTR500

If all 33 bits of the word (including the parity bit) contain
an even number of ones, signal PE will go true at TR460
time.

NAP NPS27 NM32 PG + APE PG
+ PE TR460

NWFS TR460 NTR500

PE

1

I

PG

fol1]2]3fafsfe[7]8]ofio]ii]12[13)14]15[16]17]18]19]20]21]22]23]24]25] 26 ] 27] 28] 29]30]31]

L T JL T I T )L T J L - JL T L T JL T JL T JL JL ) :
PFOO  PFO3  PF06 PFOS  PF12 PF15  PF18  PF2I PF24  PF27  PF30 |
(ODD)  (ODD)  (ODD) ~ (ODD) ~ (ODD)  (ODD) (ODD) ~(ODD) ~ (ODD) (ODD) (EVEN) |

L T Il | JL I 1 J |

PS00 PS09 PS18 P27 |
| (ODD) (ODD) (ODD) (ODD) |
J |
:
AP ! |
(ODD) ' I
L I
l
APE
(EVEN)
NOTE : (ODD) OR (EVEN) IF TERM IS TRUE
901172A, 3325

Figure 3-83. Parity Determination Logic Scheme
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PARITY GENERATION. Parity generation is required when-
ever new data in the M-register is to be stored into the
memory cores. This is accomplished by setting the parity

bit of the M-register, M32, to correspond to the 32 data
bits of the M-register so that all 33 bits contain an odd
number of ones.

M32 = AP PS27 M32XP
+ NAP NPS27 M32XP
+ M32 MXM32
MX32p = WFS TR300 + WP TWI100

3-52 Sigma 5 Core Selection

Current technical literature explaining the basics of mag-
netic core operation is readily available; therefore, the
following discussion on the operation of Sigma 5 memory
omits these fundamentals. It is assumed that the reqder is
familiar with such subjects pertaining to core switching as
magnetomotive force, hysteresis effect, flux density,
permeability, retentivity, etc. Emphasis is placed on core
selection, control, and timing as they apply to the Sigma §
memory,

3-53 Core Characteristics

Table 3-17 gives the characteristics of cores used in Sigma
5 memory.

3-54 Basic Core Switching

Sigma 5 memory employs a three-wire memory system,
sometimes referred fo as the common Y-digit or 2-1/2 D
system in which three wires are strung through each core.
These wires are:

a. Xwire

b. Y wire

c. Sense wire

Table 3-17. Core Characteristics

0.022 in.

Outer diameter of core

Switching time 240 nsec approx

700 ma

Nominal full drive current at 25°C
4 ma/OC

Current compensation for temperature

Core output -25 mv approx

Paragraphs 3-52 to 3-55

This system does not use an inhibit winding. The X and Y
wires that are activated to address a specific memory core
are selected by an X-Y matrix composed of positive and
negative X current and voltage switches in one direction,
and positive and negative Y current and voltage switches
in the other direction. The current through both the X and
Y windings is approximately 350 ma, or half the total cur-
rent required to switch the core from one state to the other.
When the two half-currents through the X and Y windings
at the junction of any core are in such a direction as to be
additive, the core senses sufficient current to cause it to
switch its state. When the two half-currents through the X
and Y windings at the junction of any core are in such a
direction as to be subtractive, the two currents cancel, and
the core senses no switching current. In this case, the state
of the core is not affected.

Each core senses one of four different current conditions.
These conditions are:

a. Xand Y half-currents are additive in a direction
to cause the core to switch from a one to a zero.

b. X and Y half-currents are additive in a direction
to cause the core to switch from a zero to a one.

c. Xand Y half-currents flow in a direction so as to
be subtractive — each half-current canceling the effects of
the other. In this case the core is not affected.

d. Current does not flow in one or the other, or
neither, of the X and Y windings. In this case the core
is not affected.

Figure 3-84 is a sequence of drawings that show the prin-
ciples of core switching in Sigma 5 memory. Note that the
Y winding is folded back in such a manner as to form a
junction with the X winding at two cores — core 1 and core
3. The X and Y half-currents flow either from the positive
current switch to the negative voltage switch or from the
positive voltage switch to the negative current switch. The
direction of the X and Y current flow depends ultimately
on the anticoincident bits of the core address in the L-
register —bits L22, L23, and L25.

3-55 Reading From Memory

Figure 3-85 shows a memory of 16 three~bit words,
including an address register (L-register), a data register
(M-register), X and Y address selection circuits, and bit
plane sense amplifiers.

Assume that the data word stored in location X'7' is equal
to 1015. Note that each bit plane has one sense wire. The
sense wire in each bit plane is strung through each core in
its plane and is returned to a sense amplifier. To read the
data word from memory, the X address selection circuits
feed a positive half-current on line X3. The Y selection
circuits feed a positive half-current on line Y1.
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Figure 3-85. Simplified Memory, Read-Restore Operation
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Paragraphs 3-56 to 3-57

When additive coincident half-currents are simultaneously
fed through a core, a core in the one state will be switched
to the zero state. This causes a pulse to be induced in the
sense wire. At the output of the sense amplifier this pulse
is interpreted as a one. If the addressed core is already in
the zero state, it remains a zero, and no pulse is induced in
the sense wire. The absence of a pulse is interpreted as a
zero at the output of the sense amplifier. Thus, with respect
to a word stored in a particular memory location, either
ones or zeros are read out of each bit plane. The outputs
of the sense amplifiers are gated into the M-register.

A memory read operation consists of two halfcycles —a
read half-cycle and a write half-cycle. Because the cores
that stored ones are switched to zeros during the read half-
cycle, the readout is called destructive. For this reason,
the information that was read out must be restored by
writing the data word back into memory again in the sec-
ond half-cycle. Therefore, during the restore phase of the
read-restore cycle, the word that was read out is taken
from the M-register and written back into memory.

3-56 Writing Into Memory

Assume that a data word containing the number 101, is to
be written into memory location (address) X'7'. (See fig-
ure 3-86.) First, the memory location is cleared by
reading out the data in location X'7', The data, however,
is not gated to the M-register as it is during read opera-
tions, Because the cores must be cleared to zeros before a
new word can be written into the cores, the write operation
consists of a clear half-cycle followed by a write half-
cycle. During the write half-cycle the new data to be
written is in the M-register.

One of four X lines is selected by the X address selection
circuits. In the example shown in figure 3-86, a negative
pulse is fed through the X3 wire causing that half-current
to travel through cores 3, 7, 11, and 15 in each bit plane.

During write half-cycles, an inhibit circuit controls each
Y current. An inhibit circuit will either allow current to
pass through or will block (inhibit) it. If the inhibit
circuit receives a one from the M-register, the inhibit
circuit allows current to pass through. If the inhibit
circuit receives a zero from the M-register, the inhibit
circuit blocks the flow of current through the Y wire.

In the example shown in figure 3-86, only the Y1 line of
bit plane 1 is inhibited. Current does not flow through Y1
of bit plane 1. A negative half-current is fed through the
noninhibited Y wires on which cores 4, 5, 6, and 7 are
strung. This occurs in bit planes 0 and 2. The cores that
receive coincident additive current switch to the one state.
This occurs in bit planes 0 and 2. Therefore, the following
occurs:
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a. A one is written into bit plane 0.
b. A zero remains in bit plane 1.

c. A one is written into bit plane 2.

3-57 Core Diode Module

The core diode module contains 4096 bytes of either eight
or nine bits. Figure 3-87 shows a nine-bit module with
each bit place labeled. The ninth bit (used for parity) is
designated bit 8A, and is shared by both halves of the core
diode module. Figure 3-88 . shows a photograph of a core
diode module lying open to expose the bit planes. Also
shown in the open view is the printed circuit wiring for the
diodes. The diodes are mounted on the reverse side of the
board shown in the photographs. The individua!l cores,
which form the bit planes, are too small to be seen in the
photograph.

The core diode module consists of two halves that are
hinged together. In the photograph, figure 3-89, the X
wires can be seen jumpered across the hinge. When the
core diode module is put info use by being inserted into its
socket, both halves are folded together and look like the
one shown in figure 3-89.

The core diode module is completely symmetrical, both
physically and electrically. This means that the module
will operate whichever way it is inserted into the chassis.

In addition to the diodes required in the decode system,
two extra diodes used in a temperature sensing network are
also included. This network controls the output of the
memory power supply for drive current compensation to
automatically raise or lower drive current to the core
diode modules inversely as the temperature varies. Because
less current is required to switch a core at higher tempera-
tures, it is necessary that the drive current tracks inversely
with temperature. The temperature compensation network
reduces core current at higher temperatures by lowering
the supply voltage. The reverse occurs if core diode
module temperature is reduced.

Figures 3-90 through 3-94 are relatively detailed core
diode module drawings. Certain symbols used in the
drawings are defined as follows:

a. Symbol 8YC3- means bit 8, Y current bus number
3, negative.

b. Symbol XV15 means X voltage bus number 15.

c. 550+ means bit 5, sense wire O, positive side.
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Figure 3-86.

Simplified Memory, Clear Write Operation
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—128 CORES—

i

32 CORES BIT 0 4096 CORES |

f BIT 1 4096 CORES |:
BIT 2 4096 CORES |

BIT 3 4096 CORES |
BIT 8A 2048 CORES|

BIT 8B 2048 CORES |
BIT 7 4096 CORES
BIT 6 4096 CORES
BIT 5 4096 CORES
BIT 4 4096 CORES

901060A, 3112
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Figure 3-87. Bit Plane Layout in a Core Diode Module
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901060A .3114

Figure 3-88. Core Diode Module, Open to Expose Bit Planes
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Figure 3-89. Core Diode Module, Closed, as Inserted




SDS 901172

S——
Ty ||
X P! T A (S|
X-LINE P! A
(X127) START 1 128 X-DIODES |~ |rP O
AN A 7 ' 44 Y-DIODES
POINT I Il n o I I | I wonwon o !
™ IL il .: A A A
- - { N L R, | || | m I
ne |\ el LaLd_ ]
! K i
I NE2)
BIT(BIT|BIT|BIT|BIT| ! ]
(X0) _I o1[2/3]eAl | |
|
! . |BrT|BiT|BIT|BIT|BIT
. : 8Bl 76|54
(A
N |
|52 h\_l
f"i:—ﬂ_irT:"ﬁ": ] |
I [ El - - -
NH A R TR R
| 144 Y-DIODES | Ty 0ot
Conoo o (. | 128 X-DIODES |
! LY | L [ L
e IR R
I | S | O T P [ | (O T
—1 V'

X-LINE

POINT

/ J2G

(X0)
/

J2H

TYPICAL SENSE LINES JUMPED
ACROSS MODULE HINGE

NOTE: THIS DRAWING WAS PREPARED FROM THE
FOLLOWING ENGINEERING DRAWING: 111526-1C

901172A.3332

(X127) FINISH
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neG G
PIN NO. J SIGNAL J PIN NO. l SIGNAL PIN NO. I SIGNAL PIN NO. SIGNAL
0 XC0- 1 XC0+ 0 8YC3- 1 8YC3+
2 xCl- 3 xCl+ 2 8YC2- 3 8YC2+
4 XC2- 5 XC2+ 4 7YC3- 5 7YC3+
6 XC3- 7 XC3+ 6 7YC2- 7 7YC2+
8 XC4- 9 XC4+ 8 7YCl- 9 7YCi+
i0 XC5- 1 XC5+ 10 7YCC- 1 7YC0+
12 XCé- 13 XCé+ 12 6YC3- 13 6YC3+
i4 XC7- 15 XC7+ 14 6YC2- 15 6YC2+
16 8yYvl 17 8YW0 16 6YCl- 17 6YCl+
18 3vvi 19 3Yvo 18 6YCO- 19 6YCO+
20 3vva 21 3yv2 20 5YC3- 2 5YC3+
22 21 23 2YVo 22 5YC2- 23 5YC2+
24 2YV3 25 2Yv2 24 5YCi- 25 SYCl+
26 1Yvi 27 1Yvo 26 5YCO- 27 5YCO+
28 1yv3 29 1Yv2 29 4YC3- 29 4YC3+
30 oyvi 31 XVi5 30 4YCO- 31 4YCO0+
32 Xv13 33 XVl 32 4YCl- 33 4YCl+
34 1.3%4 35 Xv7 34 4YC2- 35 4YC2+
36 XV5 37 XV3 36 4YV2 37 4Yv3
38 xXV1 39 8YV2 39 4YV0 39 TEMP SENSE DIODE -
40 8YVv3 4 SPARE 40 TEMP SENSE DIODE + 4} TEMP SENSE DIODE +
42 8AS1- 43 8ASI+ 42 8850- 43 8BS0+
44 351- 45 351+ 44 750- 45 750+
46 251- 47 251+ 46 650- 47 650+
48 181 49 151+ 49 550- 49 550+
50 0S81- 51 0S1+ 50 450- 51 450+
JIH J2H
PIN NO. I SIGNAL PIN NO. SIGNAL PIN NO. SIGNAL J PIN NO. SIGNAL
0 050- 1 080+ 0 451~ 1 481+
2 150- 3 150+ 2 551- 3 581+
4 250- 5 250+ 4 651- 5 651+
é 350- 7 350+ 6 751- 7 751+
8 8AS0- 9 8ASO+ 8 8BS1- 9 8BS1+
10 TEMP SENSE DIODE + 11 TEMP SENSE DIODE + 10 SPARE 1 8YX3
12 TEMP SENSE DIODE- 13 0YVO 12 8YV2 13 ———— XV14
14 oYv3 15 oYv2 14 XV12 15 ——— XV10
16 0YC2+ 17 0YC2- 16 Xv8 17 ———— XVé
8 oYC1+ 19 0YCl- 8 XV4 19 ——— XV2
20 0YCO+ 21 0YCO~ 20 XV0 21 4YV1
22 0YC3+ 23 0YC3- 22 5Yv2 23 5YVv3
24 1YCO+ 25 1YCO- 24 5YV0 25 5Yvi
26 1YCl+ 27 1YC1- 26 6YV2 27 6YV3
28 1YC2+ 29 1YC2 28 6YVO 29 6YV1
30 1YC3+ A 1YC3- 30 7YV2 31 7YV3
32 2YCo+ 33 2YCo- 32 7YV0 33 7Yvi
34 2YCl+ 35 2YCl- 34 8YV0 35 8yvi
34 2YC2+ 37 2YC2- 36 XCO+ 37 XCo-
38 2YC3+ 39 2YC3- 38 XCV+ 39 —— XCi-
40 3YCOo+ 41 3YCo- 40 XC2+ 4} ——— XC2-
42 3YCl+ 43 3yCl- 42 XC3+ 43 ——— XC3-
44 —— 3YC2+ 45 3yC2- 44 XC4+ 45 XC4-
46 3yC3+ 47 3YC3- 46 XC5+ 47 XC5~
48 8YCO0+ 49 8YCO- 48 XCé+ 49 XCé-
50 8YCl+ 51 8YCl- 50 XC7+ 51 XC7-

901060A, 3151

Figure 3-?21. Core Diode Module, Jack Pins and Signals
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CHART | BIT 1) CHART 2 (BIT 2) CHART 3 (BIT 3) CHART 4 (BIT 8A)

CONNECTS CONNECTS CONNECTS CONNECTS ]
SIGNAL|  PIN | TOV e SIGNAL|  PIN {75 e SIGNAL[ PIN |75y inie SIGNAL|  PIN |76 yoLINE
1vCo+ | JiH-24 |) 2YC0+ | JIH-32 } . 3YCo+ | JIH-40 ) 8YCO+ | JiH-48
1YCo- | Jin-25 [fO 347 2vco- | sin-33 0347 eo. | vl [JO347 BYCo- | Nty O34
1YCl+ | NH-26 } 2YCl+ | JiH-34 } 3YCl+ | JIH-42 } 8YCl+ | JIH-50
WYCi- | nih-z7 [f8 111215 2vCi- | nin-3s 8111215 3vC1- | JiH-43 8111215 8YCl- | JiH-51 }s'""z"s
1¥C2+ | JiH-28 } 2vC2+ | JIH-36 } 3vC2+ | N1H-44 } sYvo | JiG-17] 2,10
» Wwe2- | nin-ze 1419202 2vCa- | nu-37 |f 16192023 3¥C2- | JH-4s [f1&1920.23 8YVI | JiG-16| 1.9
1G-31 %ro X-LINES 15,31,47,63,79,95, 11,127 | I¥E3* | IH-20 N5y 55 .5 e s sz <3 | 46 Bou,22,28,31 M e B
J1G-32 i TO X-LINES 13,29,45,61,77,93,109,125 | 1yvo | iG-27 | 2,10,18,26 2YV0 | 1G-23 | 2,10,18,26 3YVO | N1G-19 [ 2,10,18,26
21G6-33 XYM 10 X-LINES 11,27, 43,59, 75,91, 107, 23 | 1YV | 1G-26 [1,9,17,25 2vvt | NG-22|1,9,17,25 vl | 1G-18 |1,9,17,25
XV9 W2 | 16-29 |6,14,22,% 2vv2 | 11G-25 | 6,14,22,%0 vz | 1G-21 |6,14,22,%
316-34 X¥?__ 10 X-LINES 9,25, 41,57, 73,89, 105, 12) 14,22,
- 24 [513,21,29 -20 | 513,21,
510-35 V710 X-AINES 7. 23, 39,55 71,87, 103, 119 | 'YV3 | 1628 [5,13,21,29 2YV3 | JIG-24 | 5, avva | nG-20|s,13,21,29
1G-36 XY 10 X-LINES 5,21,37,53,69,85, 101, 117
30G-37 2¥3_ 10 X-LINES 3,19,35,51,67,83,99,115 [~ ————~ TTTTTH e T T T T T Cwmi ) [Tzl [EeS [ Bi7ea )
16-38 XY 1O X-LINES 1,17, 33, 49, 65, 81,97, 113 : T (T /79 | [SAMEAS| | (SAMEAS| | (SAMEAS| | (SAME A |
I Tt | | BITO) § | BITO) | , BITO) | | BITO) ; -
nG-15 =2 "} TO X-LINES 1 o T P! Il ]
SAME AS [ [ | 1| |
Xer- 1 xCo | F112,114,116, 118, | | Pl |
NG-14——H ] 120,122,124,126 | I I Lo P! ! : :
=== | I | |
NG-13-XE === 105 x_tINES | bt ! : : ! L !
SAMEAS |0 o0, 102 ! ] : : i | : [ |
_ , 78, 160, 102, '
NG-12-XEbg X0 1 104,106,108, 110 : : ' . Lo : ! :
- Loy P
_— i ! it 1
ne-n -2 o) TO X-LINES I : i b (. ] H
: SAMEAS | 80,82, 84,86 ! by P! »
5.1 xco | —80.82,84, | | i I b i
NG-10 1 88,90,92,94 | D! Pl L I |
-t | 1 o )
——— ] | | . I i
ne-y X4l T 1O X-LINES | Pl b Vo bl i
| SAMEAs |0 XLNES i P ] |
xca- b xco b o% 86.68,70, ! [ | (| | !
NG-8 —— "7 1 72747678 | i I | | ' | |
[N ! | i ! !
L XC3+ === ) I | bl ] |
v JRLLTY x| e
xc3- 1 xco |—48.30,32,54, | P! b
NG-6 ——=— J 56,58,60,62 I [ Lo |t b I
T | I ] |
—_——— [ ! bl by ! TO BITS 4 THRU 7
ne-s X 7 10 X-LINES | Pt Pl Iy by O A
SAMEAS | 20 24 34 38 P | [ I | l
1G-4 X€2=1  xco R : : : (. Lo : 1 :
. ! Lo ]
1 | | |
jig-3 X r 7 710 X-LiNES ! b Lo bt bt i
SAME AS | [ ! [ [
xcl- 1 xco {0 8202 h 1o P! b o1 ]
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. 15
[T 14
e 13
¢ "
> 10
——. R i
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CHART 1 (BIT 5)

CHART 2 (B{T 6)

CHART 3 (BIT 7)

CHART 4 (BIT 88)

ONNECTS CONNECTS
canal | e CS':'N:S:S] siNAL] PIN |f8"““‘af [sinal] pin [CONNECT sionAL| pin | SO M
1 SIS e e
s5vco+ | J2G-27 6YC0+ | 12G-19 . . | 7¥cosf nG-nh o BYC2+ 1 J2G-3 R, 19.20,23
svyCo- | J26-26 }° svco- | Jaa-1s o347 7veo- jgg-;o } . vez- 2G-2 b,
- 6YCl+ | J2G-17 + - - }
el | noe }8'” 12,13 oxc1- | 12ao1e B 111218 wai- | o [f8 11215 8YCa- | 1260 2.:227'28'31
- vC2+ | 12G-15 7vC2+ | 12G-7 BYVO | J2H-34 | 18,26
o=l jgg-g h1e19,2023 oo | e }‘6"9'20'23 oo | ae [161920.23 8YVI | J2H-35 | i7,25
- 6vC3+ | 126-13K,, .. 7vC3+ | 12G-5 8yv2 | J2H-12 | 22,30
32013 K10 X-LINES 14, 30,46, 62,78, 94,110,126 | SVE3 1 1202 gy 57 op 3 e | panis ez e | maca Mooz Byva | aHoit | 2129
2n-14 5270 X-LINES 12,28, 44,60,76,92,108,124 | syvo | zH-24 | 2,10, 18, 26 6YVO | J2H-28 {2,10,18,26 7YV0 | 12H-32 | 2,10,18,26
1215 X190 10 X_LINES 10, 26, 42, 58, 74, 90, 106, 122 | SYV1 | J2n-25 |1,9,17,25 evvi | s2m-29 119,17, 25 7$v1 J2H-33 | 1.9,17,25
12H-16 XY 10 X-LINES 8,24, 40, 56,72,88, 104,120 | SYVZ | J2H-22 | 6,14,22,30 VS Bl LA ANV Bl B
3 | sm-23 |513,21,29 6Yv 27 {513, 21, -3 | 503,21,
12H-17 —X¥8_ 10 X-LINES 6, 22, 38, 54, 70,86, 102,118 | °Y'° |7
12H-18 —XY4 16 X-LINES 4, 20, 36, 52, 68, 84, 100, 116 — — — B _
12119 Y210 x_UiNes 2, 18, 34, 50,66, 82, 98, 114 T Tt BIT 4 A 7 s S_l I'S :nEeA;] r( A S_l . :SEB:S_!
- - fﬁ‘wrﬁ\ ;(7“ b OJGAMEASY | (SAMEAS| | P !
J2H-20 TO X-LINES 0, 16, 32, 48, 64, 80, 96, llf l i R e B A I R
XCO+ [ m—m : |
12H-36 T SAME As | TO X-LINES ! Pl : | | } ‘I ! :
XC0-1  XC7 13,57, { i P P b 1o |
oH-y 2= 7T e i ) I : I L L I
| | [ | I bl I
1H-38 XL =77 10 x-LNES 1 P! [ L P '
«cl 5‘%57“5 —17,19, 21,23, | | Iy | P !
J2H-39 -'_'L____J' 25,27,29,31 : | } : | I : { : '
] | I
XC2+ -9 | | | |
J2H-40 SAME AS' TO X-LINES | | | | | I | | | |
o | MEAS |33, 35,37, 39, I | || - | P! I
12H-41 -—-——L_____} 41,43,45,47 i ‘ : | : | : | : i :
| : | | | |
soH-42 X3~ ] TO X-LINES | . Loy I i [ 1 1
| sAve ME AS | , i Lo Lo |
XC3- 1 XC 49, 51,53, 55, | i ) ! | ! Iy o |
J2H-43 ———L___ 57,59, 61, 63 ! L b I b !
| |
- I i | i o |
JoH-44 XE42 <1 TOX-LINES | Pt P! b I |
SAME AS X i |
xca- 1 XC7 65,67,69,7, | | ' Lo by [ I
H-45 ———1' 73,75,77,79 | |
® | Lo | | b !
\ . by I I ! 1 | TOBITS 0 THRU 3
J2H-46M-- 1 TO X-LINES ' by - ! . ] AND 8A
I SAME AS { | 1 \ | | |
XC5-1 S XCy . #—81,83,5,87, ‘ L L L L !
JoH-gg S T 89, 91, 93, 95 | L b b L !
‘ Iy I P P [
58 nhatuiunties | |
12H-48 [ same as | JOX-LINES : o | } Lo Lo I
) 99,101, 103, | . |
sana XL X7 T 305,107,109, 111 : | : } \ ! ‘ P !
n2 : :
—Ph 13 :
e m
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—te 16 i
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Figure 3-924.  Sense Line Wiring in a 4K Core

Diode Module
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Figure 3-90 shows a nine-bit core diode module, lying
open, as seen from the core side. The presence of diodes
on the reverse side of the core diode module is indicated
by the dotted lines. The X lines, which are connected
across the hinge, are indicated by the two X lines shown
in the diagram. In an actual core diode module, there are
a total of 128 X wires jumpered across the hinge connec-
ting the left half of the core diode mcdule with the right
half,

The designations J1G, J1H, J2G, and J2H indicate the
jacks that receive one core diode module. Jacks J1G,
J1H, J2G, and J2H are shown as typical. The signals to
be found on the pins on the wiring side of the jacks are
shown in figure 3-91,

Considerable detail concemning the wiring of one half of a
nine-bit core diode module is shown in figure 3-87. Not
all wires are shown, however, Instead, their presence is im-
plied. For example, there are 128 X wires. Figure 3-92
shows X wires O through 15. The gap indicates that X wires
continue from 16 to 127. The diagram also contains the
implication that the X wires continue through bit planes 0,
1, 2, 3, 8A and to the second half of the core diode module
shown in figure 3-93. In the latter drawing, the bit planes
are shown in reverse order if the core side of the module is
being viewed. In both drawings (of both halves of a nine-
bit core diode module), a portion of the diode decode
matrix is shown, with pin and signal numbers given. In
studying both drawings, note the way the Y wire is folded
back. The foldback is concerned with the anticoincidence
principle discussed in the following paragraphs. The tem-
perature sensing diode, explained in paragraph 3-57, is
shown in both diagrams, with pin numbers included.

Figure 3-94 shows a nine-bit core diode module with
emphasis piaced on the sense windings. The bit planes are
shown as they appear on both halves of an open core diode
module. Details are shown for bit plane 0. The remaining
bit planes are shown as blocks with pin and signal numbers
shown at sense winding terminations. In figure 3-94,
although considerable detail is shown for bit plane 0, all
detail is not shown because of the repetitive and greatly
detailed nature of this type of unit. A complete bit plane
has 4,096 cores. A lesser number of cores is shown in the
diagram, with the remainder implied.

Each core, shown schematically in figure 3-94 as a
straight line, represents a core standing on end, as the
rim of the core is seen when viewed from above. The
sense wire goes through the hole in the core. Sense wires
terminate with the pin and signal number shown.

DRIVE SYSTEM MODULES ST10 AND STI1. Figure 3-95
shows a simplified diagram of the Sigma 5 memory drive
system. In this discussion of the drive system, references
to letters refer to lettered points shown in the diagram.
The term “switch" means "electronic switch."

In the Sigma 5 memory drive system diagram, only one
drive wire is shown with its pair of decode diodes. The
number of drive wires used varies with the size of the
memory. For example, with a 16K memory, the X drive
system would have 32 additional diodes connected to point
A and 32 additional diodes connected to point B. Each
diode connects, through a drive line, to one of the 32
voltage switches in the X drive matrix. In the same 16K
memory (X drive system), there would be a total of 14 drive
wires connected to point C. Each drive wire is connected
to one of the 16 current switches in the X drive matrix.

The mode of operation is as follows: To pass a positive
current through the drive wire, the positive current switch
and negative voltage switch are turned on. The flow of
current takes the following path: From the +Vp supply
(point D in figure 3-95), through the 53-ohm resistor,
through the positive current switch, through the drive wire

.o o ~L PRy
{""‘"l CC'SS), "!"--'Ough the negchvc vu!nugc avvuv.u, to ground.

To pass a negative current, the positive voltage switch and
negative current switch are turned on. The flow of current
takes the following path: From the +Vp supply (point E in
figure 3-95), through the positive voHage switch, through
the drive wire (and cores), through the negative current
switch, through the 53-ohm resistors, to ground.

The supply Vm is not externally generated in the power sup-
ply system. Instead, Vm is the product of 37 (4X and 33Y)
53-ohm divider chains passing current continuously through
the Vm clamp diodes. On each switch module there are
decoupling capacitors for Vm, as shown in figure 3-95.

The 1K resistors connected to the voltage switches bias all
drive wires quiescently to Vm. The 1K resistors connected
to the current switches reverse-bias all the diodes, so that
drive current is not lost info other lines as charging current.
The Vm diodes prevent the voltage at the current switches
(developed across the inductance of the drive line during
the rise of the current) from exceeding Vm. Thus, forward-
biasing the decode diodes is prevented.

The current and voltage switches are all SDS 226 transistors.
Their bases are driven by transformers whose primaries
consist of one turn and secondaries consist of four turns.

The magnetizing current built up in the transformer during
the time the transistor is on serves to turn the transistor off
when base drive is removed.

The drive circuit described is used for all four X drive
matrices and all 33 Y drive matrices. The 53-chm resistors
are located in the uppermost chassis underneath the fans to
provide heat dissipation. Connection is made to the resis-
tors by means of twisted pairs to minimize the inductance
of the drive loop.
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Figure 3-95. Memory Core Drive System, Simplified Schematic
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X Core Matrix. The X matrix for each 4K core memory
increment consists of 32 positive and negative current
switches and 16 positive and negative voltage switches.

As the size of the core memory is increased, current and
voltage switches must be added. Current and voltage
switches for each 4K increment are shared in matrix form,
as shown in figure 3-96, so that a 16K memory requires
64 positive and negative X current switches and 32 positive
and negative voltage switches. Note that the same number
of X current and voltage switches is required for a 12K
memory as for a 16K memory.

The relationship of positive and negative X current switches
to positive and negative voltage switches is shown in fig-
ure 3-97. Each X current switch connects to 16X buses.
The corresponding X bus wires (first, second ... through
sixteenth) of each current switch are connected and tied to
a corresponding X voltage switch.

Y Core Matrix. The Y matrices, which are bit orienied,
consist of four positive and negative current switches and
four positive and negative voltage switches for each bit.
Current and voltage switches for each 4K increment of
core memory are shared in a matrix arrangement as indi-
cated in figure 3-98. One set of current switches selects
the 0 through 4K and 8K through 12K memory stacks, and
another set selects the 4K through 8K and 12K through 16K
memory stacks. One set of voltage switches selects the 0
through 4K and 4K through 8K stacks, and another set
selects the 8K through 12K and 12K through 16K stacks.

The Y current and voltage switches for a single bit are
shown in figure 3-99. This matrix arrangement is typical
of all bits, Note that each of the 16 Y wires is folded
back on itself through the cores and that in the bit plane
the X and Y wires intersect at two cores. For given direc-
tions of current flow, the currents add in the core at one
intersection and cancel at the other. A reversal of one of
the currents enables the other core to be accessed. This
technique is called anticoincidence. Current direction
flow in the Y windings is dependent on the status of the
address bits L22, L23, and L25.

Predrive System, Model ST22. In this discussion of the
predrive system, the term "switch" means "electronic
switch." As indicated in the previous discussion of the
drive system, to read a word of memory it is necessary to
do the following: Turn on, simultaneously, four X positive
current switches, four X negative voltage switches, 33 Y
positive current switches, and 33 Y negative voltage
switches, or a similar combination. To restore the word on
the second half-cycle, the complementary (interchange
positive and negative) set of switches is operated.

To operate 33 Y positive current switches, the primaries of
the transformers belonging to this group of switches are
connected in series. Other groups of switches are operated
similarly. Because the primaries consist of one turn,
switches are arranged in groups of four on ST10 and ST11

modules. One wire passes through each set of four trans-
formers. In the case of the Y switches, nine of the trans-
former groups are in series. Therefore, 36 electronic
switches (three of which are not used) are operated by one
predrive current. Because of the 4:1 step-down in current
through the transformer, the predrive current is approxi=-
mately 300 ma. Therefore, a power transistor is used in the
predrive circuit.

Figure 3-100 shows a typical Y predrive circuit. The three
address lines and a timing signal, TPYC (time for positive
Y current), are ANDed into an integrated inverter. The
output of the AND gate drives the primary of a 6:4 trans-
former on the base of the power transistor (SDS 226). The
output of the SDS 226 transistor drives approximately 300
ma into the string of 36 (of which 33 are used) voltage or
current switch primaries.

The Y decode for each bit has the following:
a. Eight positive current switches
b. Eight negative current switches
c. Eight positive voltage switches
d. Eight negative voltage switches

Because of the number of electronic switches mentioned
above, there are eight circuits like the one shown in fig-
ure 3-100. Therefore, there are a total of 32 such Y
predrive circuits.

The X predrive system uses predrive circuits identical to
the Y predrive circuits (5T22), but the outputs of the
circuits are arra<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>