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CHAPTER 4

STORAGE

DESCRIPTION AND GENERAL INFORMATION

STORAGE CAPACITY

The maximum internal storage capacity of a 3300
Computer System is 262,084 28-bit words. The
minimum internal storage capacity is 8,192 28-bit
words. The storage capacity of an 8K system may
be increased to 16,384 words by adding an additional
8K module to the basic system. Any additional incre-
ments beyond 16,384 words must be made by adding
16K modules. Therefore, there are two types of
storage modules available, the 3309 Storage Module
(8K) and the 3302 Storage Module (16K).

3309 Storage Module

One 3309 (8K storage) is included as part of each
processor. No more than two 3309's may be attached
to any one system. Figure 51shows the 3309 Storage
Module.

3302 Storage Module

A 3302 provides 16,384 words of storage capacity;
it has a 16K stack, not two 8K stacks. Therefore in
this text the 3309 and 3302 must be freated sepa-
rately. Figure 52 shows the 3302 Storage Module.
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Figure 51. 3309 Storage Module

STORAGE WORD FORMAT

The 28-bit storage word (figure 53) contains 24
bits ofdata, which may be exchanged with the proces-
sor, and four parity bits, which are generated and
checked only in the storage module. The storage
word can be considered to be four 6-bit characters
and four parity bits (one parity hit associated with
each character),

STORAGE PARITY
Each character within a storage word has one
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parity bit associated with it (figure 53). During each
write cycle, a parity bit is stored along with each
character. When part or all of a word is next read
from storage, parity is checked for a loss or gain of
bits. The 3300 uses odd parity; that means the num-
ber of 1's in a character, plus the parity bit, always
totals an odd number. Any failure tc produce cor-
rect parity read operations cuases a memory fault
indication on the storage module control panel and
the console, followed immediately by a program halt.,
If the console PARITY STOP switch is inactive, parity



Figure 52.
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will still be generated, but the program will not halt
because of a parity error.

The storage module control panels, figures 54 and
55, contain lights which display each bit of the cur-
rent storage word, including four lights for display
of the parity bits.

Complete the following table. Show whether the
parity bits of each character is a 1 or a 0.

24-Bit | Parity Bit|Parity Bit | Parity Bit | Parity Bit
Word To for for for for
Be Stored | Char 0 Char 1 Char 2 | Char 3
01234567

20356016

10667201

00010233

60731065

06731026

STORAGE MODULE DESCRIPTION

Storage Registers
Two registers, S and Z, are associated with each
storage module.

1. S Register - The S register contains the address
of the word currently being processed. The 3309
has a 13-bit S register; the 3302 has a 14-bit S
register. The address is transmitted from the
processor or the multiprogramming module.

2. 7 Register - The 28-bit Z register is the storage
restoration and modification register. A storage
word may be read into Z and the 24 bits of data
transmitted to the processor via the data bus or
the processor may send a new 24-bit word (or
portion of a word) over the data bus to storage
where the word is placed in Z, then written into
storage with the correct parity.

Read/Write Controls

During a normal memory read cycle, all bits of a
word referenced by (S)* are read out of core storage
in parallel, loaded into Z, used for some purpose, and
written back into storage intact.

A memory write cycle is performed just like aread
cycle except that certain groups of bits are blocked
from Z register initially and new data from the pro-
cessor is placed in these bits of Z, (Z) is then writ-
ten back into storage. The correct parity for the new
data is also generated and written into storage.

Five modes of storage modification (partial writes)
are possible ip the 3203/3209, 1Ip all cases, assume
that Z is clear. Z regisier is cleared only at the be-
ginning of each memory cycle (except when master

*Parentheses signify "contents of,"
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cleared). Ifthe program stops asthe result ofa pari-

ty error the operator can examine (Z) via the storage

module control panel (figure 54).

The storage modification modes are:

1. Single-Character Mode - Any one 6-bit character
may be ignored during read cycle. New data is
then loaded intothe corresponding character posi-
tion of Z and the whole (Z) is stored,

2, Double-Character Mode - The upper, middle, or
lower half (12 bits) of a wordis ignored during read
cycle. New data is loaded into the unfilled half of
Z and the whole (Z) is stored.

3. Triple-Character Mode - Either of the two possible
triple-character groups may be ignored during read
cycle. New datais thenloadedinto the correspond-
ing character positions of Z and the whole (Z) is
stored.

4. Full-WordMode - The whole 24-bit wordisignored
during read cycle. A new word is entered into Z
and (Z) is stored.

5. Address Mode - The lower 15 or 17 bits of a word
may be ignored during read cycle. A new word or
character address is then loaded into A and the
whole (Z) is stored.

Figure 54. 8K Storage Module Control Panel

Storage Module Control Panel

Figurc 51 shows the storage control panel which
is mounted at the top of each 8K storage module.
Figure 55 shows the storage control panel for the 16K
storage module,

The drive voltage control permits the adjustment
of the drive voltage to 26v. The drive voltage meter




Figure 55.

indicates drive voltage. It reads +20% and is adjus-
ted to read 0% (most modules require approximately
22.5v to provide the best margins).

The panel contains indicator lamps to display the
contents of the S register, the contents of the Z
register (including the four parity bits), and three
storage faults: x or y drive line voltage failures and
storage parity fault.

The panel also contains a three-position switch
labeled CONTROL SELECT (figure 56). The storage
module may communicate with one or both of the pro-
cessors (or pieces of special equipment), depending

PROCESSOR

16K Storage Module Control Panel

on the setting of the CONTROL SELECT switch. The

switch settings are:

1, The storage module communicates with the pro-
cessor located to the left (as you face the control
panel) of the module. Refer to figure 56 and note
that the arrow for setting 1 points to the left.

2. The storage module communicates with the pro-
cessor located to the right of the module. Note
that the arrow for setting 2 points to the right.

3. The storage module may be shared by both pro-
cessors. Note that arrows point in bothdirections
for this switch setting (figure 56).

2

PROCESSOR

3209
Figure 56. Use of Control Select Switch

A two-position scanner determines which processor
communicates with the storage module at any given
time. If the storage module is being used by one pro-
cessor, a request from the other processor must
wait, Control is then surrendered to the waiting pro-
cessor at the end of the current cycle.

When a storage module is to be used by one proces-
sor only, the CONTROL SELECT switch should be set
to point toward that processor. This disables the
scanner and locks out the unused access path.

BUSSING SYSTEM
Figure 57 is a bhlock diagram of an 8K storage mod~
ule and shows the signals exchanged with a processor.

In figure 57 the dotted lines represent control op-
erations while the solid lines represent transmis-
sions. The heavy solid lines represent data trans-
missions.

Information and control signals are exchanged be-
tween aprocessor and storage modules over a system
of twisted-pair wires known as the bus system. Fig-
ure 58 is a photograph of bus wires in chassis 1.

S Bus

The S bus system is an 18-bit bus which supplies
a Storage Request signal and a 17-bit address to
storage. The 17-bit address consists of a 3-bit
Module Select code and a 14-bit Coordinate address
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for referencing a 3302. For referencing a 3309, the
lower 17 bits of the S bus contain a 4-bit Module
Select code and 13-bit Coordinate address. If the
Multiprogramming module is not present in a 3300
system the following characteristics exist:
1. Maximum internal storage capacity is 131K.
2. Only one bus system exists.
3. The storage address and storage request go
directly from the processor to storage.
If the Multiprogramming module is present the
following characteristics exist:
1. Maximum internal storage capacity is 262K.
2. Two distinct buses exist, one defined as the
right bus (allows access to addresses 000000

through 377777}, the other defined as the left BUS WIRES
bus (which allows access to addresses 400000
through 777777).

3. The storage address and storage request are
placed on the storage S bus by the Multi- Figure 58.
programming module. Bus Wires
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Figure 59 graphically represents the S bus scheme
if the Multiprogramming module is not present
whereas figure 60 represents the S bus scheme if the
Multiprogramming module is present.

In figures 61 and 62, notice that any address
placed on the storage S bus becomes available to all
storage modules in the system; however, Storage
Request (bit 17) goes only to the right or to the left.

17 16 14 13

00

\ N

_J

V R

Y

l—> 14 BIT COORDINATE
ADDRESS

3 BIT MODULE SELECT

CODE Figure 59. Function of S Bus Bits
» STORAGE REQUEST When Referencing 3302
17 16 13 12 00
T )\ ]
% v

Figure 60. Function of S Bus Bits
When Referencing 3309
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ADDRESS
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» STORAGE REQUEST
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Figure 61. S Bus Scheme if Multiprogramming Module Present
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Figure 62. S Bus Scheme if Multiprogramming Module Not Present

For a unique module to honor a storage request, the
Module Select code must match the setting of MODULE
SELECT switches.

Data Bus

The data bus transmits 24 bits of data to and from
the processor and storage register Z. As in the case
of the Sbus, thedata bus is tied in parallel to all stor-
age modules and is also tied into each communication
channel. However, the data bus is used only by the
module which receives a request from the processor.

STORAGE PROTECTION
Storage protection is the feature of the 3200 System

that prevents alterationof ablock of storage addresses,
When logic in the computation sectionhas determined
that a referenceis about to be made to a protectedlo-
cation, it changes the write signal (previously sent to
storage but not yet used) into a read signal. There-
fore, the contents of that location are not altered.

The storage module is given no other indication that
any addresses are being protected. Figure 63 shows
the system power panel with the STORAGE PROTECT
switches.

3309 THEORY OF OPERATION

Two processors may share use of a storage module.
To reference storage a processor sends the address
of the word desired accompanied by a request signal.
A scanner determines which computer has first access
to the storage module. The request lines are mon-
itored consecutively, insuring that each processor will
be acknowledged in turn, free from interference. If
only one processor is used the CONTROL SELECT
switch locks the scanner to continually monitor only
the right or left bus.

When arequest is received storage control gates the
13-bit address irom the 5 bus into the S register where
it is translated to select the proper drive lines for a
memory reference.

Each of the two memory operations-~read from mem-
ory and write into memory - -consists ol:

1. A read phase, during which a word of information
is removed from an address inmemory, followed by

2. A write phase, during which a word of information
(either the same word or a new word) is written
into memory at the same address.

The processor will specify either read from mem-
ory or write into memory.

1. Readfrom memory. Memory performs a read/re-
store cycle inwhich aword is taken from memory,
entered into Z register, and re-stored in its orig-
inai memory iocation. While the word is in Z reg-
ister it is also transmitted to the equipment via
the data bus.

2. Write into memory., Memory performs a read cy-
cle, with entry toZ register blocked for all or cer-
tain portions of the word from storage. The por-



Figure 63. System Power Panel

tions of the word to be blocked from Z are deter-
mined by the type of partial write mode selected
(selectiondepends on the instruction or cycle being
executed).

The processor transmits updated information via
the data bus into Z register and then into the original
memory location.

Figure 64maps out the theory of operation. It shows
the basic steps in one complete memory cycle:

1. Set busy FF,

2. Turn on read current.

3. Gate the contents of a storage cell into Z register

via the sense amplifiers.
4. Turn off read current.

5. Turn on inhibit current. (Prepare for re-storing
information.)
6. Turn on write current. (Re-store information.)
7. Strobe for parityerrors. (Parity is only checked
early in the write cycle.)
8. Turn off write and inhibit currents. (Re-storing
is completed.)
9. Clear busy FF. (Cycle completed.)
Information access time for memory is approxi-
mately 750 nsec. A complete storage reference cycle
takes 1.25 usec. There areother timing pulses in the
memory cycle but the ones listed above are most im-
portant.
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The next portion of the chapter analyzes circuitry
in each portion of the memory cycle.

CONTROL SELECT

As described earlier, a storage module may com-
municate with a processor via the right bus or left bus,
or the module may be shared by two processors, one
using the right bus and one using the left bus. The
CONTROL SELECT switch (figure 65) is usedto select
right bus, left bus, or priority (a scanner controls use
of right bus or left bus in this case).

In the logic shown in figure 65, CONTROL SELECT
places a ground on the input ot one of the G18x terms,
allowing it to output a 1 to indicate which bus is se-
lected. Note that the Y18% terms are sections of a
filter card (HA17) and only remove noise from the sig-
nal. They do not delay or invert. The following dis-
cussion of the scanner explains the use of the signals
from G18x.

Scanner

Two processor modules may share a storage mod-
ule. One processor communicates with the storage
module via the left bus, the other processor commu-
nicates with storage via the right bus. Storage re-
quests are servicedona first-come, first-served basis
by the storage module. A two-position scanner deter-
mines which computer has access to the storage mod-
ule at any given instant. The scanner first checks one
line, then the other for a request. When a request is
detected (R620 or R621 = 0), the scanner is disabled.
K792/793 is then held clear for a left bus request or
held set for a right bus request. (See figure 66.)

If the scanner recognizes a left bus request and the
busy signal is not present, inverters G070-G072 out-
put 1's, gating the address on the left address bus into
S register where it is translated, G072 sets:

SELECT
SWITCH

Figure 64.
Storage Reference Cycle Timing

1. K796/797 - indicates left bus selected.

2. Reply, K780/781 - indicates acknowledgement of
request.

3. Pulse generator, K750/751 - starts storage refer-
ence sequence.

When a right bus request is recognized and busy is
down, inverters G080-GO082 output 1's which gate an
address from the right address bus to Sregister. The
1 from G082 sets:

1. Reply, K780/781, and

2, Pulse generator, K750/751.

It also clears K796/797 to indicate right bus selected.
The scanner reactivates when the request is dropped
(which occurs under central processor control after it
receives the reply pulse from the storage module).
The scanner is active only when CONTROL SELECT
is set to priority. If only one processor is being used
CONTROL SELECT should be set to select the related
bus. This will disable the scanner.

Review the circuitry that has beencovered so far by
reading these statements:

1. Control select circuitry causes the following scan-
ner actions according to switch settings:

Position 1 disables the scanner (K792/793 clear,
K794/795 clear) and selects left bus (G182 sends
constant clearing input to K792/793).

Position 2 disables the scanner (K792/793 set,
K794/795 set) and selects right bus (G183 sends
constant setting input to K792/793).

Position 3 causes the scanner to flip back and
forth constantly and to lock when a request comes
from the processor. Receivers R620 and R621
statically have 0's out which will allow the scanner
to run. Receipt of either request, left or right,
causes the output of G176 or G177 to drop to a
zero, stopping and locking out the scanner to one
of the following positions:

P48 gaoc B25A
YISZH—)IJGIBZ l—-»[elsﬂ LEFT BUS
pala 6408
6181 | PRIORITY

$40D @258

- gaic
I__ihuesll-—-;“maH susq RIGHT BUS

Figure 65. Control Select Switch and Logic
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Figure 66. Left and Right Address Bus —» S Control Logic
1. left request (G176 output going to a zero), the ror or if parity error recognition has been

R613

g

R614

L G176
7
G070

scanner will not set K792/793, leaving it
cleared. K794/795 is also clear and the scan-
ner remains that way until the request drops.
This stoppedposition is thatwhich the scanner
assumes if CONTROL SELECT is inposition 1.

. The scanner locks into a position and a left or

right request allows the outputs of G070, 071,
072, or G080, 081, 082 terms to come to a 1
level. This allows the address (13 bits) on the
S bus to enter the S register.

Assume Bit 00 is to be set. The central
processor holds the 13-bit address on the S
bus line (either left or right). When G070 or
G080 outputs 1, information is transferred
from the S bus via the receiver cards to the S
register. The S register is cleared at the end
of a memory cycle if there was no parity er~

disabled.
The output of G072 going to 1 sets the left/
right bus FF (K796/797). The output of G082
going to 1 clears the left/right bus FF (K796/
797). The output of either G072 or G082 sets
the reply FF (K790/791). The reply FF in-
forms the processor that storage has received
and is processing the request. Within the
CPU, the reply signal drops the request to
storage and causes sampling of the data bus if
necessary. With the request dropped, the
scanner again runs if CONTROL SELECT is
in the priority position.

Outputs of either G072 or G082 goingtoal
also cause the memory cycle delay line to
start.
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It is a good idea to "step back' occasionally to keep
track of our objective, which is to xead the contents of
a memory location and re-store it in memory. It is
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Figure 67. S Register Input Logic
DELAY LINE

The memory delay line supplies necessary time
intervals to accomplish reading out of information
from memory and writing back of information into
memory,

Before proceeding, review the major timing inter-
vals of a storage reference cycle (figure 64).

The 3300 Computer System uses coincident storage
principles., When read or write current is turned on,
a previous gating or selecting process must be used to
select the X and Y drive lines that will carry read or
write current. These and other operations will be de-
veloped as a pulse is followed down the delay linc.

Each operation will be covered when the pulse
reaches that point in the delay line. Considerable time
will be spent in each area and all circuitry involved
then will be covered.

7R

also a good idea to review operations and circuitry
previously discussed,

Assume, for example, that the processor needs to
use storage. Our study of the circuitry has shown:
1. How the request was received.

2. How storage notified the processor that the request
had been received and was being processed (reply).
3. How the necessary information from the S bus, the
field and coordinate address, was sent to S register.

Now let's take a look at the actual memory cycle de-

lay line.

Delay Line Timing

The timing for a storage reference cycle is provided
by a pulse traveling down a delay line. Signals are
available at various taps on the line as the pulse passes
by them. These signals are used to time the storage
reference cycle. The input to the delay line is nor-
mally held at a steady 1 by D150 (see figure68A).When
the pulse generator FFis set (by either G072 or G082),
its set output drops the output of D150 (a CA08 card)to
a 0, starting a pulse down the delay line. (For further
informationrefer to 3000 Printed CircuitsManual. The
clear output of the pulse generator simultaneously
causes Z to clear.

The first tap (A3) from the delay line (time 1 of
figure 64) will:

1. Set Activate Read FF (K700/701, figure 68B)
which enables the selected line drivers.

2. Set Gate FF (K710/711, figure 68C) which en~
ables the selected gates to the drive transfor-
mers to begin the read phase of the cycle.

3. Set Busy FF (K770/771) which turns on the
storage active status display.

The Busy FF (K770/771) clear output is inverted by
K773 and disables the B07x and GO8x inverters to
prevent a new address from being transferred off
bus to S. This can be seen in figure 66.

Figure 69 is a circuit within the 3309 that generates
a Master Clear if the module has been busy longer
than two microseconds. This logic also prevents
Master Clears from occurring during a memory cy -
cle. The output of G169 will be a 1 only if storage is
Not Busy (Busy) or if the Busy signal has been up
longer than 2 usec.

Return for a moment tothe Activate Read FF (K700/
701, figure 68). When this FF sets, the selected line
drivers are turned on. Gate FF (K710/711) turns on
the gates. How the drivers and gates were selected
is the nexi topic to be discussed.

ADDRESS SELECTION
Information stored in memory is held in cores lo-
cated at intersections of X and Y half-current drive
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Control Logic
lines, The 4096-word memory module has 64 X and
64 Y drivelines. In order to reference a location, the
13-bit address in Sregister must be translated so that
one X and one Y drive line are energized. :
The outside appearance of an 8K memory stack is
shown in figure 71, An 8K stack is made up of two
identical 4K fields. In figure 71 visually follow the
cable coming up from the lower right corner and note
the flanged area immediately behind it, This flange
separates the two fields. They can be disassembled
by removing the cables and then the connecting bolts.

MEMORY PLANES AND WAFERS

The wires threading the memory cores are strung
across the center areas of square mounting frames to
form memory planes. The wires used to drive and
sense the cores are also used tohold the coresinplace.

A memory plane is a matrix of 4096 cores repre-
senting one bit of the 28-bit computer word. Each
plane has 64 X drive lines passing through 64 columns
of cores witheach drive line threading all 64 cores in
one column. The Y drive lines are threaded similarly
but at a 900 angle to the X drive lines.

GI9I RB

GI90 LB

POWER ON
M.C.

Figure 70.

3309 Master Clear Contro! Logic
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Figure 71. 8K Memory Stack

Figure 72,
Memory Wafer

co
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A memory wafer is formed by wiring a four-section
frame so that it contains four distinct bit planes (fig-
ure 72). Each memory plane contains one bit of a word,
so a wafer contains four bits.

MEMORY STACK

The cubic memory stack is formed by nine wafers
mounted one behind another. The front wafer, the in-
put or terminal wafer, serves as a terminal point for
the X and Y drive lines. The bit plane wafers follow
and may be numbered sequentially from front to back
beginning with 0. Bits 0-23 are contained in the first
six bit plane wafers (0-5). Wafer 6 contains the bit
planes for the four parity bits. The last wafer serves
as a transposition plane where X and Y drive lines are
transposed from one section of the stack to another.
The 64 X or Y drive lines are arranged in four stripes
of 16 lines each, eight even and eight odd. Each stripe
is associated with one inhibit line. To reduce noise
the odd drive lines within each stripe are transposed
at the transposition wafer. The first four odd drive
lines change relative positions with the last four so
they return to the input wafer threaded between dif-
ferent even-numbered drive lines. Exploded views of
the stack are shown in figures 73 and 74.

X00 COMING BACK UP X00 (DRIVE FROM
#~THROUGH THE FIELD. . TRANSFORMERS)
BIT 1| 8IT O
TO
TERMINATION ® P O ot
t\\ THE FIELD
CO-ORDINATE_____________—//’
"0000"
BIT 3 BIT 2
THREADS
THROUGH
THE Q @ Y00 (DRIVE
roen FROM TRANS-
FORMER)
w/
TO FIELD | THREADS DOWN
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Figure 73. X Drive Line Configuration
(Front View)
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Two 4096-word stacks (fields 0 and 1) are mounted
face to face, making one 8192-word stack. These mem-
ories work together with common X drive lines and sep-
arate Y drive lines. Although the two stacks are physi-
cally identical, for easier wiring the bit planes of field 1
are rotated 90° clockwise from those of field 0. The X
drive lines of field 1 are inverted from those of field 0
(figures 75 and 76). The odd Y drive lines enter fields
0 and 1 from the left. The even Y drive lines enter
fields 0 and 1 from the right (figures 75 and 76).

Terminating resistors for the X drive lines are
mounted on the rear panel of the stack and those for
the Y drive lines are on the side panels.

Figure 72 is a simplified layout of four bits and the
selection method via X and Y coordinates in field 0.
Note that the Y drives terminate in this field (0) while
the X drive line continues into the next field (1).

Separate connections are made to the sense and inhib-
it lines of each memory bit plane. Each sense line ex-
tends to apair oftabs at a corner of the memory board.
These tabs are connected to the sense amplifier circuits
by twisted-pair wiring. Eachinhibit line is brought out
to a pair of tabs on the memory board. Thesetabs are
connected to the inhibit circuits by twisted-pair wiring.

Drive Lines

The 64 X drive lines enter the two right planes of
wafer O from the terminating wafer and thread through
all the cores in the 14 right planes. Each drive line
threads all the cores in one columnof a plane, then is
jumpered to the corresponding column of cores in the
next plane,

At the last wafer the X drive lines are transposed
and returned to the input wafer through the left planes
of the memorywafers. The X drive lines are common
to fields 1 and 0.

Fields 1 and 0 have separate Y drive lines. Only the
Y drive lines for the selected field are energized at any
one time. These lines thread the wafers in much the
same manner as the X drive lines are threaded. The
Ydrive lines in field 0 run from input wafer to trans-
positionwafer through the lower two planes and return
through the upper two planes. The Y drive lines for
field 1 are threaded from input wafer to transposition
wafer through the upper two planes and return through
the lower two planes.

For easier construction the even-numbered drive
lines enter one side of a wafer while the odd-numbered
drive lines enter from the opposite side (figures 75
and 76).

The half-current drive lines are energized in the
same manner as transmission lines. Characteristic
impedance of o drive line is approximately 1308, so
each lineis terminated with a 130Q, 10w, noninductive
resister. The lines are energized by pulses of 22-25v
and the resulting half currents are about 340 ma.
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STACK CONSTRUCTION (field 0, 4K)

1. Each connector on the north (top) side of field 0
serves the following purpose:

A, Odd X drive to
field 1

B. Even X drives
from transform-

@ @ @ NORTH ers
C. Inhibit stripes 2

and 3 (28 wires)
D. Inhibit stripes 0
and 1 (28 wires)
E. Sense (7 twisted
pairs)

CHASSIS SIDE

2. Each connector on the east (right) side of field 0
serves the following purpose:

—I_ A, Even Y drive
lines input from
transformers
@ ETS‘S SIS B. Inhibit stripes 2
and 3
@ C. Inhibit stripes 0
Q,—‘ and 1
| D, Sense
EAST

3. Each connector on the south (bottom) side of field 0
serves the following purpose:

A, EvenXdrive out-
put to field 1
0Odd X drive from
transformers

C. Inhibit stripes 0

and 1

Inhibit stripes 2

and 3

E. Sense

(5.2 D]

HASSIS SIDE
C D.

4. Each connector on the west (left) side of field 0
serves the following purpose:

% A, 0OddYdrive lines
from transform-
% ers
Cs*,‘{,‘g SIS B. Inhibit stripes 0
m ~\ and 1
\ B Y C., Inhibit siripes 2
~ \) and 3
D. Sense
WEST
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Drive Compensator

In order to hold aconstant load onthe memory power
supplies, load compensator circuits are enabled when
the memory drive circuits are not carrying current.

When neither read nor writeis being performed the
X and Y drive lines are turned off and the load com-
pensator is enabled. The load compensator consists
of two CO03 line driver cards (two sections per card).
Each section drives a current of approximately 400 ma
through a 509, 10w, noninductive load resistor.

Inhibit Lines

Since the drive lines affect simultaneously all 28
cores in a selected storage location it is necessary to
negate those lines affecting any bit position which must
remain in the clear state. The inhibit line carries a
340ma current parallel toone of the half-currentdrive
lines, but in a directionopposite to the half-write cur-
rent, Therefore, if the inhibit current is flowing dur-
ing write phase it will cancel one of the half-write cur-
rents andwill prevent any core throughwhich it passes
from being switched to the set state.

The inhibit lines in each plane are arranged in four
groups or stripes. Each stripe is 16 cores wide and
extends all the way across the plane; thus, each inhibit

TO INHIBIT GENERATORS

line threads 1024 cores in a 4K field. Inhibit stripes
are common to fields 1 and 0; thus, each inhibit stripe
threads 2048 cores in an 8K stack.

Four inhibit lines are needed to thread the 4096 cores
for each plane (figure 77). The inhibits are not jump-
ered together and each inhibit winding appears in one
plane only.

Use of four stripes per plane reduces the number of
coresdisturbed by an inhibit pulse, thus reducing noise
generated in the sense amplifier windings.

Inhibit Compensator

As in the case of the drive lines, load compensator
circuits are enabled during times when the inhibit
circuits are not carrying current, This holds a con-
stant load on the memory power supplies.

The inhibit circuits include a load compensator for
each plane in the inhibit driver selection scheme. Four
inhibit driver circuits are required per plane and a
fifth circuit is included as a compensator. This fifth
circuit is an inhibit compensator, card type C09. The
inhibit circuits are selected one at a time through trans-
lations from S and Z registers. When all four inhibits
to a plane are turned off, the inhibit compensatoris en-
abled. The compensator circuitdrives 340ma current
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Soolle g le 9ix S| PLANES 1, 5,9, ETC. AND 2, 6, 10, ETc,NOTE_
— UPPER 2 BITS OF
! t 49 ¢ DRIVE LINE DESIG-
n nnn NATOR INDICATES
o ~ INHIBIT STRIPE.
= STRIPE 3 = Y77
E 16 LINES - Y60
| o ol oo = STRIPE 2 = [ve7
ol |Vn = 16 LINES
W w w w =N Y40 T0
&z g2 || 4= E_EJ 5 L INHIBIT
FollEe || EallEo = STRIPE 1 = Y37 | GENERATORS
= o= ||o= = = 16 LINES = Y20
= STRIPE O = Y
= 16 LINES = Y00
-
)i
PLANE © INHIBITS OPPOSE Y
DRIVE IN BIT PLANES
Y77 0, 4, 8, ETC AND
—d =] 3,7, 11, ETC.
= STRIPE 3 =]
Y60 o 16 LINES =)
. on
Wz
3.
e
T o . )
[HHH The inhibit stripes in planes 0 and 3 oppose
. |“|“ the Y drive lines while the inhibit stripes in
Y00 T planes 1 and 2 oppose the X drive lines.
~. -S4 g
x x X : ; <y .
Figure 77. Memory Wafer-Inhibit Stripes

co
H=



through a 13382, 25w, noninductive resistor. The 133
resistor is approximately equal to the sum of the 13Q
DC resistance and 120Q terminating resistance of an
inhibit line.

Sense Lines

A simplified example of a sense windingis shown in
figure 78. One sense line threads all cores in a mem-
ory plane. The ends of this continuous line are ex-
tended to terminals near a corner of the plane.

The rapid flux change which occurs when a core
switches state induces a voltage of approximately 35
mv on the sense line. This voltage appears across the
differential amplifier inputs of the sense amplifier

(card type HA18) and results in a logical 1 at the am-
plifier output terminals, This output occurs when any
core in the plane switches state ineither direction, but
the output is sampled only during read phase,

The flux density of half-selected cores is changed
slightly by a read drive pulse and induces noise voltage
onthe sense line, Noise voltage is reduced by threading
the sense line through the cores of a plane so that noise
signals from half-selected cores cancel each other.

Using the previous material as an introduction to
physical characteristics of a memory stack, we now
come to the actual electronics of the stack. Each cir-
cuit will be studied completely and actual prints will
be used to show selections.
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Figure 78.

S Register
The S (storage address) register holds the storage

address during a storage reference. Theregister con-
sists of 13 single-rank flip-flop stages and has no prop-
erties other than storage. An address may be entered
into S from either the right or the left address bus.
These addresses are gated into S (by the G070, G080
terms) at the same time a signal is sent tobegin delay
line timing. S is cleared at the end of each memory
cycle if there is no parity error.

Line Driver Selection
Three bits from S register select the line driver

Simplified Sense Quadrant

circuits (figure 79) and either read or write. Bits O,
3, and 5 select the two circuits in the X coordinate.
Bits 6, 9, and 11 select the circuits inthe Y coordinate.
The translation is such that the selected pair of line
driver circuits will have all 0 inputs.

The circuitry in figure 80 selects the X drivers and
gates: Bits 0-5 of S register determine which X line
is selected. For the time being, it will require per-
sistence to get the outputs from the terms in the X gates
and X transformer drivers. Inverters G300-G305 must
output 0's to be considered turned on(assume E336 is
0). The X gate inverters (G000-G007) must have 0's
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X GATES

The storage address converts directly,
giving the selected drive line numbers in
octal. Bits 00 through 05 select the X

x pRivers drive line; bits 06 through 11 select the

Y GATES I T | [ T I
12|11 {10 090807 |06]05|04{03|02|0l |00
Y DRIVERS l l I l I l
S REGISTER

Y drive line; bit 12 selects the Field.

Figure 79. Storage Address Bit Assignment

in to turn on. The X transformer drivers (D000-DO015)
also need all 0's in to turn on. Onegate and twodriv-
ers must be turned on to select a drive line.

Work the following problem through the circuitry for
address 03765:

1. WhichXgate card would output a 1?7 (The K712 and
K715terms are from the outputs of gate FF, K710/
711, discussed earlier.)

2. What would be the outputs of these terms? (The
K701 term comes from activate read FF discussed
earlier. The K731term comes from activate write
FF which will be presented later; for now consider
the output of K731 to be 0.)

X GATES

GATE X713

HOBA

G300 =
G301 =

G302 =
G303 =

G304 =
G305 =

3. Which X transformer drivers would be outputting
logical 1's? (K700 has been discussed previously
and K730 will be discussed later, For this prob-
lem, K700 will be 0 and K730 will be 1.)
and .

Carry these outputs to the following circuits, show-
ing the X drive transformer. Determine which T card
will turn on, To turn it on, you will need the X gate
and two X transformer drivers.

You should have arrived at T326. If you did not,
check yourwork. There are Y drive lines to consider

yet

E336 X

, and we may as well enter into these,

X TRANSFORMER DRIVERS

@
r3
I
>

ACTIVATE READ K706

g
e
Q
-]

g
o

ACTVATE WRITE K736

o
§e
°
3
>

a
]
3
@

DRIVER DISCHARGE

Wo9A 608A
| G002 ~ s000 Doo4
—+—O
H09B so30 _._'F 0003
K713 Goss
GI3A
Hoa8
0006
s3-po-{owr]
s03i 0007
(1]
G14a
HOBA
sool | Dooe
5030 0008
GATE X715 4 G148
X TRANSFORMER
HizA ORIVER SELECTION J GIoA
S REGISTER s00 Hose DOIo
B8ITS 05,03,00 i
so3 ot
4 GI98
X731
HI3A 5050 —0O HISA
4| 6008 Ko L Doi2
Hi3B 0013
5051 ~4—O
K715 m Hise
HI4A H20A
6007 K73t D014
1 Hise | sost —O—— 00Is
e ;.!!'1("[1 . K7G: H?0RB
L Hose b T
K712 i
—eee 5050—4—0
so4t | sozl SO | KCTIVATE GATE [e2]
5040 5020 5050 , 6300
\_""‘_V—_/ 6301
X GATE SELECTION K701 + ACTIVATE READ
S REGISTER KT31 = ACTIVATE WRITE 6302

BITS 04,02,01

6303

6304

Figure 80. X Gates and Transformer Drivers
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Address Translation

Logical translation is such that the number of the
selected X drive line is identical to the number con-
tained in bits 0-5 of the 13-bit storage address. Bits
6-11 specify the Y drive line number. This may easily
be seen by converting to octal. Bit 12 of the storage
address selects the field to be used, Bit 12is a 1 to
select field 1 and a 0 to select field 0,

LO' ADDRESS -———*\\\‘ ‘{//—__—_ Hl ADDRESS

Look at the top of T326 again. On the right side at
the top you will find a 53 (decimal) and a 65 (octaly.
The same will be true for any address line for either
XorY.

To further break the transformer card down, a cir-
cuit is described in figure 81. It is a transformer
card with the pins numbered.

'3T 12 Input Pins | Addresses

—> < 1 and 15 Read 1o

GATE ul 10 and 6 Write lo

1and 6 Read hi

ZT T3 10and 15 | Write hi

TRANSFORMER ! i s TRANSFORMER
DRIVERS 10 15 DRIVERS
4

GATE I Figure 81. Transformer Card with Pin Numbers

Gate numbers are quickly determined by lifting out
the specific bits that select the gate and aligning them
in binary, then reading them in octal. The example
that was worked through used G006. Take bits 4, 2,
and 1 from S register for the address we want (65)
and consider what they represent:

1410 101
Bit 4 Bit 2 Bit1
1 1 0 =6 or G006

Find the transformer number that will be used for
Y lines for address 03765. Use the following circuitry
and the octal shortcut:

Transformer for read (Wereyouinthe right field?)
for write
Gate for read
for write
Transformer drivers for read and
for write and

(Were youinthe right field?)

You should have had T437, G107 for both read and
write, D112, D115for read, D113, D114 for write. If
youdidn't, checkyourself by working the actual circuit,

The only aspect of circuitry left to simplify is find-
ing some easy way of determining which transformer
drivers will be turned on. The followingtable will help,
if you remember Hi and Lo address lines (Lo=00-37,
Hi = 40-77).

Table 10 shows that driver A is always on during a
read operation and driver B is always on during awrite
operation. C or D determines whether a Hi or Lo
address is read or written.

T
>

G 38A

> —>| DIOO

G43A

—»| D|O2

G388
6438

—» | DIO| f——
—>»| DIO3 f——o

Q
o

Table 10. DRIVE TRANSFORMER SELECTION

OPERATION TRANSFORMER DRIVERS ON
DESIRED A B C D
Read Lo address Yes No No Yes
Write Lo address No Yes Yes No
Read Hi address Yes | No Yes | No
Write Hi address No Yes No Yes

It can be seen in the table that Driver A is always
on in a Read operation, and Driver B is always on in
a Write operation. If Driver A is always on for a
Read operation, the difference between reading a Hi
or Low address is determined by the selection of C
or D. The same principle applies to writing. B is
always on during a Write operation and Hi or Lo is
controlled by C and D.
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o

HI4A

(o074~

HI3A

Hi2A

HilA

!

HO9A

HOBA

HOTA

23 55 31 63
27 67 37 77
1327 T337 p—
—>» GI8SB e— —> HI9B
21 53 29 6l
25 65 Elf 75
T326 T33e6
GIBA HIg9A
19 51 27 59
23 63 33 73
T32% T335
—> G178 —> HI8B
17 49 25 57
4] 6l 3t 71
7324 T334
GI7TA HIBA
7 39 15 a7
o7 47 17 57
T323 T333
—» GlI6B pe— —> HITB &
5 37 13 45
9]2 45 15 ?
T322 T332
GI6A HITA
3 35 3 43
03 43 13 53
T321 T331
—>» 6GI58B (—1 —>{ HiI6éB
I 33 41
[o]] 41 It 51
T329 T330
GI5A HIBA

[s000 }—

GI4A

poecs

[s1e]e}:]

Gl4B

Gi9A
DOIO

Dol
Gise

Figure 82.

X Drive lLine

HI5A
poi2

DOI13

H158

H20A
0014

DOIS

H20B



H37A

H36A

H35A

H33A

H32A

H3IA

31 63
37 77

T437

—> G368

29 61
35 75

T436

G36A

27 59
33 73

T435
—>| G358

25 57
31 71

T434

G35A

A o

IS a7
17 57

T433

6348B

13 45
15 55

T432

G34A

T430
G33A

G32A

D12
D13
G328

G37A

D14

DIls
G378

H36A

H33A

3i 83

—> 1308

—>

-

—» I128B

T472

I28A

1 43
13 53

T4TH

—» 1278 [

—=o L

T470

I27A

Figure 83. Y Drive Line

I26A

Dize
D129
I268

I31A

D130
D13}

1318
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H3lA

v

H3iB

:

SIOl | s08t| SO7I
SI00 S080 sO70

Y GATE SELECTION

K714 ACTIVATE GATE

E338 Y DRIVER DISCHARGE

>|sio > H22A
-1 O
crir s ] somo = g2e |
H33A |
6102 .
> H338 S060 H228B
T Hsan 1
> 6103 >
'T—l H34B H23A
y TRANSForMER S0%C
DRIVER SEL- ,
ECTION S REGS
_BITS11,06,09
H35B H238
S06! |
GATE KTI s091 ©
ol K73l
_|6tos >
—?_J H36B SIo ——b—
K719 > 6455
| H37A st
™ 6l06 >
ﬂ?——l H378
crio-sfease]
st
> K70l
_| 6107 > H248
— H38B NGO 6315
! K719-»{ 6457

K70l =ACTIVATE READ
K731=ACTIVATE WRITE

S REGISTER
BITS 10,08,07
SELECT FIELD 0
L21A
Figure 84. Y Gates
E336
L20A
E338
240A
BUS —> L763 —20v
o L29A L44A G607l (LEFT BUS ~+ S) FIELD
REI2 —»| J612 _ MEMORY FIELD INDICATOR
L i 1 j ¢ SELECT BIT 12
LE28 1448 sizo SELECT FIELD |
‘,i }Rssa 4662 L7 L218
{RIGHT BUS—»S) GO8I szl ;r =} s123
|
. . , \
Figure 85. Field Selection 6091 1
CLEAR S I L20B
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Y TRANSFORMER

FIELD O

Y TRANSFORMER

FIELD |
DRIVERS sizs DRIVERS >
G384 l 132A
K704 oioo |- ——-Activate Read — - — ko4
DIlG
- >
D101 . .
k734 — -—Activate Write -~ —c73a —
J r(;3gg l I328
G43a 1 I37A
DI02 > DIl8
DIO3 ons
T G438 j‘ I378
,l H39A I38A
DIO4 | . lowo
DIOS DI2}
T H398B l 1388
H44A 1 I43A
DI06 5 D122
DIOT Dl23
]‘Hua I I438
l G26A I, H25A
plos
__ | pi2a
DI0S DI25
J T G268 ]‘ H258B
W G31A H30A
] ono || pize
DI Di27
]‘ G318 H308
G324 l I26A
Dil2 | oi2s
DII3 Di29
] 1‘ 6328 ]‘ 1268
1 G37A 1 I31A
DIl4 -
p DI30
DIIS D3
]‘ 6378 1318
s125 si24
FIELD O FIELD |
G310 G310
6311 63141
6312 6312
6313 G313
6314 G314
G315

G318

Figure 86. Y Transformer Drivers

Drive Line Selection

Drive line transformers, card type C10, can drive
any one of the four X and Y drive lines. Two CO3 line
driver cards (two sections per card) and two CO05 gate
cards are needed to select the four drive lines which
may be energized by one drive line transformer card.

One gate card selects one of the two sections of the
drive line transformer card, and two line driver sec-
tions select one of the two lines in that section.

In figure 86, if the lines marked with an X are se-
lected, -44v will appear at pin 3 of the C10 card and
drive line 32 (408) will be energized.
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4 CI0 CARDS

NOTE: THE TWO CRCUITS IN THE SELECT 16 DRIVE
DASHED BOX ARE BOTH LINES FOR READ
CONTAINED ON ONE CIO CARD OR WRITE

N - — —-" ST

TO 6 ADDITIONAL
COS GATE CARDS

I (EACH CO5 GATE CARD
R
BIT N S CIO” CARD.)

4 S041 —
2 s021 —
T so010 —=1 800!

€05 GATE CARD 0 32, TO 3 ADDITIONAL
{00g) (40g) ClI0 TRANSFORMER
| i CIRCUITS
]2 3. 1s
1o} I ]is
4 S04l — T rl
2 s021 — X -1 |
1 soll — 6000 )
1 X CO3 TRANSFORMER X
DRIVERS
8| & (2 oF 16 ARE SHOWN) S B
[ 3 Nel [e2 ]
&la r aloe
K712
ACTIVATE GATE i T
s 8
~ ; o < n
X - o o 2
o = P 4 ©
W S
[1 4 O O O O O
w w * | x %
[ O == = e
t E s3gier eges
e 5 23 L3838 xoxa
g < lom o ©  © I-o
i He B E = =
$050= LO WHEN a"0" [Dl@ 1@ & @
Selection is shown for the X coordinate; SO51= Hl WHEN A"t
Y coordinate is similar.
Figure 87. Drive Line Selection
MEMORY STACK
340 Mo ¢
. o <>
r WRITE
Iomvsn}
CONNECT =
DRIVERS EITHER OR
CONNECT OR < ———— | GATE
SONNECT "OR SORRECT | OATE |
GROUND TO +20V
lDRIVERll
L READ FIELD O
FIELD |
Figure 88. Simplified Gate and Transformer Circuits
Since this manual is not devoted to hasic electronics, (
operation of gate cards and transformer cards will be S
covered very simply. To study the actual circuitry
refer to Printed Circuits Manual, #60042900, TERMINATING
—_—>

Figure 88 aepicts simply the operation of gate and RESISTOR
transformer cards.
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CIRCUITS CONTAINED
ON ONE SECTION OF
A Ci0O CARD

- - -
450 Ma 1

- - 71
!
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- e
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'd " %—
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| |
I - -
I ! Figure 89, Drive Transformer Operation for Read
] i
Dg , ] If DA and DD and the gate are on, current will flow
: . | in the primary and secondary of the transformers as
- | shown. The winding in the secondary that is tied to
f pin 2 would actually be series winding, thus the -44v.
! ' The other winding is actually series opposing, thus
! ! there is little or no voltage or current.
D.c | + o 5 —
L ‘ |
= ' -
+
! j
! QUTPUT PIN 2 = -44V, 340 Mo
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I | Figure 90. Drive Transformer Operation for Write
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<] | .
! If DB and DC and the gate are on, current will flow
4 ' ! in the primary and secondary of the transformer as
- I | shown. The winding tied to pin 2 is now series aiding,
I | thus +44v. The winding tied to pin 3 is now acting as
series opposing, thus there is little or no current,
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=y ] + |
| N |
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Worksheet: STORAGE ADDRESS SELECTION

1. During an RNI cycle with (P)=01571, indicate the terms that would be used within storage module O by filling
in the following table:

X Gate Y Gate X Xformer Y Xformer X Drivers Y Drivers

Read phase
Write phase

. During an RAD cycle with (F) = 20425673 and 16K storage, indicate the terms that would be used within the
appropriate module by filling the following table: (Assume that the system contains two 3309 Storage mod-
ules.)

X Gate Y Gate X Xformer Y Xformer X Drivers Y Drivers

Read phase
Write phase

. During an ROP cycle with (F) = 30057434 and 32K storage, indicate the terms that would be used within the
appropriate module by filling in the following table: (Assume that the system contains four 3309 Storage mod-
ules.)

X Gate Y Gate X Xformer Y Xformer X Drivers Y Drivers

Read phase
Write phase

. During an STO cycle with (F) = 40073746 and 32K storage, indicate the terms that would be used within the
appropriate module by filling in the following table: (four 3309 modules)

X Gate Y Gate X Xformer Y Xformer X Drivers Y Drivers

Read phase
Write phase

. For questions 2, 3, and 4, what changes would have to be made in the selected terms if the systems had con-
tained only 8K storage?

_ M/ \‘_\_ —

Up to this point, wc have:

(3]
rin

1. Set busy FF,

TIME—> 12 2. Turn on read current.



PULSE

G072
l GENERATOR M39A

6o82—s] K750 |—»{DI50 [l—— WRITE — LEFT BUS |Re22] READ
L36 N24A { STORAGE
E300—» K75l A2 | WRITE—IGI:%HA‘I‘ BUS »{|R623) K760
A4 L37
GI?73 At DLElll_vAEY Krse K761
TWRlTE
STORAGE

(]

Figure 91. K760/761 FF

When E303 (A3) outputs a 1, the Activate Read, Gate
and Busy FF's Set.

The first tap off the delay line feeds E (HA12
card), a delay line amplifier, Statically, the delay
line is fed a constant 1 (-10v) and thus the constant
outputs of the delay line amplifiers are 0's. Now,
however, we will have a 1 out of the delay line am-
plifier because 0 (near ground) has been put into the
delay line by the inverted set output of pulse gener-
ator FF.

As the pulse travels down the delay line the follow-
ing signals are produced:

E300, tap A4, 50 nsec

1. E300 clears pulse generator FF, thus defining the
trailing edge of the delay line pulse.
E309, tap A10, 200 usec. -

2. K760/761 (read/write storage) is set for any read
or remains clear for any write. This flip-flop is
set at this time if the memorycycle is a write into
a protected area. (Main control senses this and
changes write to read.) The protected area could
be the auto load/auto dump area or an address block
protected by the STORAGE PROTECTION ADDRESS
switches. Attempting to set K760/761 at E al-
lows sufficient time for address comparison (pro-
tected addresses comparedto actual addresses ref-
erenced). Setting the flip-flop at thistimeis neces-
sary because K760/761 is forced clear by a pulse
occurring later along the delay line,

Figure 93. Data Bus READ K76l

TRANSMITTERS OFF E330 —> K783

MC GI71 _J

SELECT LEFT BUS K797

Z-—» BUS, BUS—>Z E3I12 O-

CLEAR R/W GO9I

Read/Write Storage

Read/write storage FF (K760/761) is set by a read
signal transmitted from either processor via the right
or left bus. It is cleared at the end of a storage cycle.
The set output of this flip-flop is used as aninput toZ
to data bus FF to determine whether or not the data in
Z is to be gated to a data bus.

The clear (write) output is used to determine whether
or not data is to be gated from either data bus to Z.
When K760, E312, and K797 are all 1's, left data bus
to Z is enabled. K760, E312, and K796 enable right
data bus to Z. The clear output of read/write storage
is ANDed with G174 and inverted to provide a clear
input to the write designator bit FFs,

M388
DELAY | B4

3001 {|Ne

Z —> BUS, BUS —>» Z

Figure 92. Delay Line Time B4

Tap B4, E312:

1. Enables (Z)to the transmitters that lead to the data
bus register. (Although the information has notyet
been read into Z register, it will be read into Z
long before the data bus is sampled by the central
processor.)

2, Clears the reply FF,

K796 SELECT RIGHT BUS

K782
N28
1 g140 | K294
] G141 | k298 > z—»LEFT DATA BUS
™ gia2| k30A
5 6150 | M29a
1 6151 | m298 Z—>RIGHT DATA BUS
—> 6152 | k308 '

95



SENSE
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e —{vou |
FO3 |v|n I[ O
co3

Kiz2C
ATH

G4l
FIELD | —> Z

G40)
FIELD O —»Z

6041

LEFT BUS —>Z

Figure 94. Z-Register Inputs

l K158

4761 O z110 v T
TRANSMITTERS
mze Fis MiSB_TO DATA BUS
R76!
z 1761
GOSI G151
RIGHT BUS —»Z Z —» RIGHT BUS
G141

GO8)
CLEAR Z

Z—>» LEFT BUS

Figure 95. Delay Line Time B6

M34A

_| DELAY ¥ EeRE FEIT O
350 LINE m STROBE FIELD O (FEEDS E343)
Tap B5, E310:

Partially enables G40- gates to gate the contents of
field 1 sense amplifiers to Z (only if field 1 is being

referenced). E311 is a C07 card (emitter follower)
—r—! Fl—:o.s = "I"
Zlov="0"
PULSE FROM
DELAY LINE
M348
oeLay | B7 *% STROBE FIELE 1
375-| INE % STROBE FIELD | (FEEDS E344)

Tap B6, E311:

Partially enables G41- gates to gate the contents of
field 1 sense amplifiers to Z (only if field 1 is being
referenced). EB311 is a C07 card (emitter follower)
and does not invert. E344 and R775 (receiver for field
1) also form a strobe-shaper network. The theory of
its operation is the same as that of E343 and R774.

7 REGISTER AND READ/WRITE CONTROLS

Z Register

The 28-bit Z register is the storage re-storing and
modifying register. Data can be entered into Z from
field 0 or field 1 sense amplifiers and the left or right
data bus.

Read Control

During a normal memory cycle all bits of the word
referenced by (S) are read out of core storage in par-
allel and gated from the sense amplifiersinto Z. Data
from field 0 is gated to Z by the G40X inverters while
data from field 1 is gated by the G41X inverters. The
word in Z is placed on the selected data bus, then is
written back into the storage locationunder reference.
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which does not invert. E343is a C85 card which feeds
R774 (a receiver). These two cards form a strobe-
shaper network (figure 96 ). R774 outputs O for ap-
proximately 50 nsec during the sense —~Z time.

co7 Cc85 Cc6l

| £310 | €343 [ | R774

uou Z1IV = uou
I 7 I F:E)Oq
nlu nS "5.3V=“|“

Figure 96. Strobe-Shaper Network

Figure 97. Delay Line Time B7
Write Control

When a new word is to be written into storage, (Z)
must be modified during the read phase of the write
cycle. The modified word in Z is then written back
into storage during the write phase. Five modes of
storage modification (partial writes) are possible:

1. Single-character mode - any one of the four charac-
ters (six bits per character) of the wordin Z may be
replaced by a new character.

2. Double-character mode - the lower, middle, or
upper two characters of a word in Z may be re-
placed by new data.

3. Triple-character mode - the upper three or lower
three characters of the word in Z may be replaced
by new data.

4, Full-wordmode - a complete new word (four char-
acters)may be placed in Z, then written into stor-
age. The previous contents of this storage location
are discarded.

5. Address mode - the lower 15 or 17 bits of the word
in Z may be replaced by a new address.

Storage is modified (partial write) by blocking the
input sense gates to Z for a character or group of char-
acters during a read cycle, thus holding the corres-




o IS
CHAR 3

LEFT BUS—>»2Z

K760
K797

GO40

i

6041

K745
L28A

3
F b

K749

L27A
K745

;

L288

K745
Kr4s —O—{s202}

0 O)
Teeo lRMI} —0 K740
L22
K741
Jéaz =0
CHAR 2 l
J6A3 r/;> K742
L23
K743
Fret 0
CHAR ! 41
Je4S r;;> K744
L24 L27e
K745 K765
Jo4é O
il
CHAR O
Jos7 r/;) K746
L2s
K747
Jeag O
vt
ADDRESS
Jodo r/;) K748
L26
K749
Gor2 — ,__J
LEFT S BUS —» §
RIGHT S BUS — S GO82 J
_ @268
MC Gi7e
WRITE K760 O 7 X763
PARTIAL WRITE CLEAR E323 —

ponding bits of Zinclear. New data is then gated from
the data bus into unfilled bits of Z and the whole (Z) is
stored.

Write character signals determine storage modifi-
cation by entering storage via R64x rank of receivers.
Table 11shows the signals necessary for various par-
tial writes. These signals setwrite designator bit FFs
(K74x/74x). The outputs of these flip-flops determine
the gating of data to Zregister by selectively enabling
and blocking input gates to Z. The flip-flop outputs
control G40x inverter rank which gates data from field 0

NOTE: The Gxxx terms on this page are not gates,

G04s

o

% TERM LOCATED IN MAIN CONTROL - CHASSIS |

but
inverters whose outputs need to be 1's to enable

an input into Z.

Figure 98. Partial Write Bits

to Z, G41x rank which gates field 1 to Z, G04x rank
which gates information from the left data bus to Z,
and GO5x rank which gates the right data bus to Z.

In a full-word re-store cycle all 24 bits are read
and returned thus:

Char | Char | Char | Char |= Core storage
0 1 2 3 (24 bits)

K D I O '

Char { Char | Char | Char |_ 7 .

0 1 2 3 = Z register
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Table 11. PARTIAL WRITES
WRITE CHAR 3 | WRITE CHAR 2 | WRITE CHAR 1 | WRITE CHAR 0 | WRITE ADDR
TIAL WRITE | BITS
PAR R640-R641 R642-R643 R644-R645 R646-R647 R648-R649
Character 3 00-05 X
Character 2 06-11 X
Character 1 12-17 X
Character 0 18-23 X
Lower 12 bits 00-11 X X
Middle 12 bits 06-17 X X
Upper 12 bits 12-23 X X
Lower 18 bits 00-17 X X X
Upper 18 bits 06-23 X X X
All bits 00-23 X X X X
Word address 00-14 X X X
Character address | 00-16 X X X X
FIELD 0 —» Z
Doz 621A
D39 m K741 G400
G400 xoee £o5o
FIELD O —» 2 6410 RTOS | osc s
FIELD I—> 2

R7SS
G040
LEFT BUS —> 2

G050
RIGHT BUS —> 2

G060

z08%1

GI30
Z —» RIGHT BUS

Gl40
Z—> LEFY BUS

CLEAR Z G218

In a read cycle, with one character changed by in-
struction execution, 24 bits are read. However, the
lower character (3) is not allowed to feed Z register.
Instead, the character from the data bus is allowed to
enter Z register and during the re-store cycle the
newly created 24-bit word will be stored.

Char | Char | Char | Char |= Core storage
0 1 2 3 (24 bits)

y ¥ it 44

Char Char Char Char .
0 1 2 3 = Z register

b

From data bus

The write designator FFs are set by the central pro-
cessor, depending on what instruction or cycle is be-
ing executed.

The following circuitry represents the write desig-
nator FF and enabling of either the sense amplifier or
the data bus to Z register.
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X743

L?fo‘
K745
G23A
K749 ‘_;-402

K765 >l 6403

K748
x765 O ’L‘F“

F3
K747 Lﬂ

M30A M31A
STROBE FIELD O EBi0 { E343 RTT4
M32A

Figure 99. Possible Methods for Setting the Z Register

SELECT FIELD O SI20



1. Fill in the following chart with the write designator bits required for the 12 indicated storage operations. Also
indicate with a 1 which flip-flop is set:

WRITE
OPERATION

24 CHARO 23
K748 /749 K746/747

CHAR1 22
K744/745

CHAR2 2!
K742/743

CHAR3 20
K740/741

Character 0

Character 1

Character 2

Character 3

Upper 12

Middle 12

Lower 12

Upper 18

Lower 18

Lower 15

Lower 17

Full 24

Using the table above answer these questions regarding the write designator FFs:

2. Under what conditions and for what instructionwould 4.
you expect storage toreceivewrite designator bits
of 01110,?

3. Forwhatoperations would you expect storage tore~ 3.

ceive write designator bits of 0001157

Would a combination of write designator bits such
as 011012 ever be employed within the 3300

List all of the instructions and special sequences
that would employ write designator bits of 10011,.

R

TIME—> 12

E314 (400 nsec) clears
activate read FF and
turns off read current. 490—

M3SA

B8
—-IE_:I READ OFF

DELAY
LINE

Figure 100, Delay Line Times

E320 sets inhibit FF

(K720/721) which
controls the gates

to the inhibit drivers.

M358

m INHIBIT ON

peLay | B'°

LINE

Figure 101. Delay Line Times

MC GI7I

1. Set busy FF,.

We are now at stage 3:

2. Turn on read current,
3. Gate information to Z register,

ACTIVATE
READ NO6A
£303 ——{ K700 18 K704
L32 K706 | #26A
E314 —> K70!
E336
L40OA

4725

E320

E334

INHIBIT

K722

i

L40B

::L—’ K720

L34

—> K721

H

K724

NOSA
K728

H

G171 —————;Ti

$30A
K728

i

NOS5B
K727

g
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TRANSLATION

STRIPE

C00
BIT 4 5043 ¥l6020}-22 D520| INHIBIT STRIPE O, BIT 2
BIT 5 SO5I —
ol co0
BIT4 s042 % > Goz21] D521 INHIBIT STRIPE {,BIT 2
BITS 4 &5 OF BIT 5 SO5I - il | ) - !
THE S REGISTER Co0
TRANSLATE BIT 4 S043 4 s022-2 1 o D522] INHIBIT STRIPE 2,BIT 2
INHIBITS OPPOSING BT 5 S$050 > )
BIT 4 S042 __! 60231 o »lD523] INHIBIT STRIPE 3,BIT 2
BIT 5 SO60 )
co9 (LOAD COMPEgsx‘x\x%a,,‘ ﬁlla'll'ﬁ_
2 (TURNED ON BY ,
P WHEN BIT 2 IS NOT
< INHIBITED.)
2020 BIT2="("
(BIT 2 OF THE Z REGISTER)
co0
BITIO S103 —3{6030]%° D530| INHIBIT STRIPE 0,BIT 3
BIT I Sl -
ol Co0
BITI0 Sioz2 — ' RIPE |,BIT 3
BITS 10 811 OF s s #6031 | ' D531 | INHIBIT STRIPE 1,
THE S REGISTER €00
TRANSL ATE BIT 10 SI03 10
INHIBITS OPPOSING _ o' 1 G032 D532| INHIBIT STRIPE 2,BIT 3
Y DRIVE BIT 11 SIIO ] .
C00
BITIO SI02 {6033 —{—o—+[D533| INHIBIT STRIPE 3,BIT 3
BIT 11 SIIO * )
CO9 LOAD COMPENSATOR, BIT 3
K722 R,
INHIBIT ON D534] (TURNED ON BY A "0
INPUT WHEN BIT 3 IS NOT
(DELAY LINE TAP) . INHIBITED.)
E£320—s K720 »K724
L iNABIT
E334 —»| K721 iK?ZGI _un
e ey | (517 3 OF THE 2 REGISTER)
(DELAY LINE T Mgé.?ER N -
CLEAR
K727
Figure 102, Inhibit Scheme for Bits 2 and 3 in Detail

An inhibit line is energized by inhibit driver, card
type C00. (Inhibit driver C0OO turns on with a 1 input.)
The AND gates to the four inhibit drivers in a bitplane
are partially enabled when 0 is to be written into that
bit position., The clear output of Z register FF for
that bit partially enables these gates. The inhibit
stripe to be energized is determined by either bits
4 and 5 (for X inhibit) or bits 10 and 11 (for Y inhibit)
of the address in S, The set andclear outputs of these
flip-flops either enable or block the G02X and G03X
inverters, The outputs of these inverters are ANDed

100

with the clear output of Z register FF to enable the
inhibitdrivers, An inhibit is blocked by K722 and K724
when inhibit FF (K720/721) is clear (figure 102).

The inhibit lines are treated as transmission lines
in a manner similar to the X and Y drive lines. The
characteristic impedance of an inhibit iine is approx~
imately 140Q. A 10w terminating resistor of 120Q is
placed in series with each inhibit line. Although this
value produces a slight impedance mismatch the re-
sulting current flow from a +40v supply is approxi-
mately the required 340 ma.



BITS 485 S REGISTER — INHIBIT X

K33A K35A

—_ Si — s
sos1 5048 —3{c0z0] B -
K338 K358
sosz —H3 6021 | soez —Fqozs |
s051 ——m—m——1 m $05f ——4m8M8 ——— m SHit S
K34A K36A
e s 0]
S050 i‘j—— S050 Silo
K34B K368
s042 — s042 —3coz7 |
S0%0 ———2—— S050 ——m - S10

K722 INHIBIT K722

It should be obvious from the description of the in-
hibits that the circuits will have either an inhibit or an
inhibit compensator turned on. Both cannot be on at
the same time. The inhibit compensator is a C0%9 card
and turns on with O input.

Remember that parity is checked during the write
cycle, so parity inhibits are also involved then.

The combination of
P304 and P306 trans-

lates character 3 as P"’.Os Ti6A
having an odd number G034 -/c%
of bits and indicates Tie8
that inhibit should be
turned on. P309 is 6035 —_17:
the same as P304 , Ii7A
and P306. c036 —%
4
178
6037 —4—0
P304 I18A
Figure 105. INHIBIT K721 O
Parity Bit
Inhibit Selection P309

The numbers assigned to inverters have special
meaning. G020, for example, is selected for any X
addresses from 00-17, G021 for any addresses from
20-37, etc. The same holds true for the Y inhibits,
only the base number is 30. Thus G030 is for any Y
addresses from 00-17, etc.

The G02X and G03X terms select a stripe and the
D500 terms feed the specific bit. There is a numbering
system here also. For example:

D500
tL——Inhibit stripe 0, 1, 2, 3
Bit position 0-3
Base figure
D 772

VA Inhibit stripe 2 is needed.

|——' 77-50 (base figure) gives bit 27.

D772 would be turned on if character 0 required 0
stored in the parity position.

BITS 10 &1 S REGISTER — INHIBIT Y

K37A K394

_IE: sit _S'i:
K378 K398
_si02 —F3 o031 | s w02 —Feo3s |
K38A K40A
_S103 — -—‘ sio 2193 _
K388 k408

stz —fcoss] e = | Figure 103.

(raa TETETT (724 Inhibit Selection Logic

I0IA T04A
6030 5030 o 6030 o

R X
6032 —

102B I058

6033 -—— 6033 —1—O Ds43 6033 ——0
IO03A I038

INHIBIT kK726 ——0

INHIBIT K725 — D504

2000

7 — oo ]

2040

2080

Figure 104. Partial Listing of Inhibit Line Selection

Work the following problems:

1. Program control has initiated a read operation at
address 17603. The contents of this address is
47623C12. During the write phase of read, which
inhibit generators and inhibit compensators will
pass current to provide proper re-storing at this
storage location?

Bit 0 = Bit 10 = Bit 20 =
Bitl= Bit 11 = Bit 21 =
Bit 2 = Bit 12 = Bit 22 =
Bit 3 = Bit 13 = Bit 23 =
Bit 4 = Bit 14 =

Bit 5 = Bit 15 =

Bit 6 = Bit 16 = Bit 24 =
Bit 7 = Bit 17 = Bit 25 =
Bit 8 = Bit 18 = Bit 26 =
Bit 9 = Bit 19 = Bit 27 =

2. List inhibit generators and compensators used dur-
ing thewrite phase of STO cycle with the following
initial conditions:

(F)=42062552 (A)=23476534 (ML 14532)=76431535

Bit 0 = Bit 10 = Bit 20 =
Bitl= Bit 11 = Bit 21 =
Bit 2 = Bit 12 = Bit 22 =
Bit 3 = Bit 13 = Bit 23 =
Bit 4 = Bit 14 =

Bit 5= Bit 15 =

Bit 6 = Bit 16 = Bit 24 =
Bit 7 = Bit 17 = Bit 25 =
Bit 8 = Bit 18 = Bit 26 =
Bit 9 = Bit 19 = Bit 27 =

pmt

I06A

I068

cos —o—{omm ]

I07A

6032 —

I078

T08A

01



3. In an 8K stack, how many cores are threaded by
the closed loop output of an inhibit generator such
as D5007?

4. What advantage, if any, is obtained by driving the
inhibit generators for bits 24, 25, 26, and 27 with
the output of the parity generator instead of the
corresponding flip-flops in Z register?

_ XT

Ve

DUMMY LOADS

G20A »*
6208 *

t—{ oost F— VW
G25A *
o0 }—r—
6258 %
Lo —ann—tp

\

G406

L~ +
READ OR WRITE = +25 vbe

50 ¥ | |IOW, NON INDUCTIVE

TIME —> t2 3 4 5

Another quick review--you supply the titles

G W N

The next operation which should occur is:

ol M36A
DELAY
475~ | |INE WRITE ON
ACTIVATE
WRITE NO6B
E32]1 ——>{ K730 K734
L35 K736 | L3IB
E334 —>{ K731 £358
G171 ——T Figure 107,

Write Cycle Turn-On

E321 sets activate write FF to begin the write phase
of the cycle by enabling the selected line drivers.
(This is the reverse of the transformer driver.)

E322 (figure 116) drops toa 0, so G192 may come
up to partially enable AND gates to the set side of
parity fault FF, Parity fault is then set if a parity er-
ror has been detected. At E322 time, G192 will out-
put a logical 1 if the processor originating the request
does. not have DISABLE PARITY pressed. E322 is a
C07 card (emitter follower).

Work the following problems:
For the parity checker/generator logic circuitasso-

100
Favya

Figure 106. Dummy
Load Enables

ciatedwith the three pairs of bits making up character
3, match each of the following terms with its output
translation. CLUE: Only two combinations of pair
translations will result in the generation of a 1 parity
bit, only one pair consists of like bits, or all three
pairs consist of like bits.

1. P300___ A. All pairs consist of like bits.
2.P301 __ B. One pairconsists of like bits + two
3.P302 pairs comnsist of like bits + three
4, P303 pairs consist of like bits.
5. P304 C. Generate a parity bit of 1.
6. P305 __ D. Lowestpair consists of unlike bits.
7.P306 __ E. One pair consists of unlike bits +
8. P307 two pairs consist of unlike bits +
9. P308 three pairs consist of unlike bits.
10. P309 __ F, Parity error when reading char-
acter 3.
G. Upper pair consists of unlike bits.
H. Generate a parity bit of 0.
1. Middle pair consists of unlike bits.
J. Two pairs consist of like bits +
three pairs consist of like bits +
three pairs consist of unlike bits.
M34C
525~ DrLay % % STROBE PARITY
LB K797
N27C

E322 STROBE PARITY

| g

248

v ¥

(STROBE PARITY)
(DISABLE PARITY)

**E322 is a C07 card
(Emitter Follower),

DISABLE PARITY
L29C

TE57
RB K796

Figure 108. Parity Strobe



2000 NIIA NI2B NI3A o11A
20012010 P300 }— P303 | P304
Zoll YN

2020 NIiB P300 P30I

{¢]
K741 - WRITE
DES|GNAT%R CHAR.

g10A

p302
2060 NI4A NI5B NI6A 2118 2108
2070 1 »
2061 2: P310 '—ﬂ P313 P314 P3I9
2071 - =
P30 P3N
K743~ WRITE
DESIGNATOR CHAR.2
P3i2
2120 NI7A Moo NI9A @l12a @23
71212130 p320 |——sf p323 | o p329
7131 3
7140 NI7B P320 P32l
71412190
7151

zi6l
zi7i WRITE DESIGNATOR -K765
p322 CHAR. 1 K749
WRITE DESIGNATOR
ADDRESS
2180 N20A N21B N22 A 128 0238
7181 20 P330 l———»l P333 II— »| p33a |- | p339
z1l < [Rhaadl
P330 P33!
TO % R560

K747
WRITE DESIGNATOR
CHAR O

(STROBE PARITY)(DISABLE PARITY) - GI92

N44C @02C  FORCE PE
L8 —ﬂ R358 P342 K702 NC - 6174
ADDRESS o
TRIGGER K703
NO4C
RE 6090

T
[ }—f
]

Figure 109.

PARITY
FAULT @31A

Circuitry Showing Method Used to Determine
if a Parity Bit must be Stored

1.
2.
3.
4.
5.
6.
7.

Another quick review:
Set busy FF.
Turn on read current.
Gate information to Z register.
Shut off read current.
Turn on inhibit current.
Turn on write current.
Strobe for parity errors.

s \

TIME —> 12 3 4 5 6 7
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N248 M42A

LB R640 4640 |——0— K760 K328
N24C M24B p CHAR 3 E3'27 e BITS
RB —-ﬁﬁem I———»Pem l————/—o—-v K740 K79 1
L22 H22A
K74l 6040 00- 05
N25A M4 2C
LB RG42 Je42 |—10—
4
N258 Ma2c | CHAR 2
RB R643 9643 | —0 »[ K742
Le3 H22B
ol K743 » co4al 06-11
7y
K745 !
N25C M43A leaA l H22¢
LB——ﬂReM HJ644 } =0 K749 —»lezoo }——%42 J 12- 14
4
N26A M438 v CHAR I
| <
RB *—¢le45 |————[Js45 — K744
- Loa L278 L40¢C luzzo
K745 K765 | K745 —erZOI f—»[ 6043 | 15-16
3
N26B Ma3c L28B lesA
LB ——(ﬂR646 }—»[Je«s;]—?cﬁ ﬁ;:g 6202 '——+rso44 } i7
N26C M43D . | CHAR O
RB~«§F(647 }-»Psw } 0 K746
L5 H23B
»| K747 6045 18- 23
N32A Ma4A
LB R648 648 | —o
N328 M44B : ADDRESS
RB‘éIREMS HJ649J —0 » k748
L26
K749
6073 —
LEFT S BUS»S waTA
D3
RIGHT S BUS®S GO 83— 775 DELAY PARTIAL WRITE CLEAR
MC GI74 0248
WRITE K760 —© K763 E323 - Clears the Write Designator
Bit FFs,K74-/74-.
PARTIAL WRITE CLEAR E323 —

Note that the Write Designator FFs
are held clear during a Read
(K763 = "1"),

Figure 110. Write Designator Bit Clear Enable

Figure 111. Data Bus Transmitters Off

M36B
D4 ]
800-| DELAY (£330 TRANSMITTERS oFF  E330 (transmitters off) clears K782/783.
See figure, See figure 112 for remainder
of drawing.

pa



DATA BUS

Z—» BUS,BUS—>Z E3I2 O 782 K796 SELECT RIGHT BUS

READ K76l
N28

~N
TRANSMITTERS OFF E330 ——> K783 ) G140 | L27A

]‘ ™ 6141| L27B 5 z—> LEFT DATA BUS
MC GITI =3
Glez | L27C

-~

SELECT LEFT BUS K797

<
GI50 | M29A

1> 6i51 | M29B > Z-—>RIGHT DATA BUS
— G152 | L27D

M338
D9
DELAY | §
LINE CLR WRITE, GATE, INHIBIT FF'S

-

Figure 112, Data Bus Transmitter Enables

975-]
BLOCK INHIBIT LaOA
J725 <722
INHIBIT L4OB
E320 K720 @
HOIA L34 NOSA
K12 E334 ——>| K721 K726
GATE HOIB 530m
E303 ——» K710 K714 6171
=|l I ! K725
L33 HO2A NOSE
E334 —>» K711 :'lx'ns I
6171 _I HO2B
-
GOIA
K717
ACTIVATE
saig WRITE NO6B
~
E32] — K730 K734
g308 L35 | K736 | L3IB
3406 E334 ——>» K731
E338
_— GI7!
M378 g2aa STOMC yooa
DELAY o
DrLe G090 | CLEAR FORCE PE.
K790 PAR. FAULT NO9B CLEAR S
CLEAR R/W
N44C gozc FORCE P.E.
READ K702
STORAGE oozAB
K760 K703
L37
K761 PO3B
WRITE m
STORAGE _O/O‘
Figure 113. Clear Enables co9l _| 5

105



E331 brings up signals which clear S register, par-
ity fault, and read/write storage if no parity error

exists or if a parity error is to be ignored.

Read/

write storage is always cleared at this point on the
assumption that the next cycle will be write,

8IT GO
S000
LOS
—>» SOOI
AL
“~
BIT 05
S050
Lio
¢—>» SOS5I
6090
CLEAR S

Figure 114. Clear ""S" Enables

Figure 116,

ok
o
3

X TRANSFORMER
DRIVER SELECTION

S REGISTER
BITS 05,03,00

Driver Discharge Logic

)

The purpose of the driver discharge is to ground
both sides of all transformer primaries.

Figure 115.

X DRIVER DISCHARGE

Y DRIVER DISCHARGE

Driver Discharge Enable

By turning on all drivers with the gate off, all points
on the transformer will be grounded.

E336 X DRIVER DISCHARGE

~ $000_|
S030

$000 _|
so3i

s00! _|
s030

s001 _|
$03|

S050

SOS51—

SO51—

k S050 -

B

K731

T.

K701

4

K731

iy

HO4A

4

HO4B

HO6A

6304

HO

-3
o

K701 = ACTIVATE READ
K731 = ACTIVATE WRITE

E338 Y DRIVER DISCHARGE

K29A
~ S060_|
$090

B

X
n
O
w

5060 _|
$091

SO 6!
$090

o o L °
O O O
X =
& £

3061
s091 ]
K731
sno-n—é»——
K701
K3IA
sul__:i%:jgégzzj
K731
sul-u—é»——
K7T0i
K318
L $110 6315

K701 = ACTIVATE READ
K731 = ACTIVATE WRITE



Dp

1125~

Cs CLEAR BUSY

BUSY

D¢
3 K770

L38

£332 — K77i
Dp

30 u

Figure 117. Busy Clear Enable

The previous discussioncovered one complete mem- volved with each time tapped off the delay line. The
ory cycle with all times and circuits analyzed. The following problems will serve not only as areview but
worksheet on the next page reviews the cycle. should help cement in your mind the operations of the

The previous material covered all the circuitry in- storage modules.

1.

2.

o 3.

I . B

/ 5.

6.

7.

8.

TIME—> 12 3 & 5 6 7 8 9 9.
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READ/WRITE TIMING Worksheet

Number each of the following operations in order of occurrence during the storage reference cycle indicated.

(Operations that occur simultaneously should have the same number.)

S e R

108

READ CYCLE
Test for parity error.

Sample appropriate bus for write des-
ignators.

Clear read FF.

Set busy FF.

Set inhibit FF.

Clear Z register.

Clear gate FF.

Transmit (Z) to appropriate data bus.
Sample appropriate Sbus for an address.
Clear busy FF.

Set gate FF,

Clear inhibit FF.

Clear S register.,

Drop transmission of information in Z.
Clear write FF,

Transmit reply.

Drop transmission of reply.

Set read FF,

Gate sense amps into Z register.

Set write FF,

Clear K760/761.

Set pulse generator FF,

Clear pulse generator FF.

Apply clear pulse to write designator
FFs,

WRITE CYCLE
Clear write designator FFs,
Clear pulse generator FF.
Enable input to K760/761.
Set pulse generator FF.
Set write FF.

Gate information from appropriate data
bus into Z register.

Drop transmission of reply.

Set read FF,

Transmit reply.

Clear write FF,

Gate sense amps to Z if partial write.
Clear S register.

Set gate FF.

Clear busy FF.

Sample appropriate S bus for an address.
Clear gate FF.

Set inhibit FF,

Clear Z register.

Set busy FF.

Clear read FF,

Sample appropriate bus for write des-
ignators.

Test for parity error if partial write.



READ STORAGE TIMING

G176 Request from left bus and module select code
compare locks scanner CC_(6-3)
After .1 us GO70—G072 = 1 if busy (6-3)
Set K796/797, left bus selected (6-3)
Set K780/781, reply and transmit reply (6-3)
Enable left S bus —»S register (6-7)
Set K750/751, pulse generator (6-3)
Clear Z register (6-9)
A3 E303 Set K710/711 gate FF (6-5) Enable X
Set K700/701 activate read FF} and Y gates
(6-5) anddrivers
Set K770/771 busy FF (6-5) (6-17 & 6-21)
K773=1 and transmits busy signal and

disables G07X & GO08X inverters (6-3)
A4 E300 Clear K750/751, pulse generator (6-5)

enable setting of K760/761 on read (6-3} ;
static clear onwrite designator bit FFs (6-9)

B4 E312 Clear K780/781, drop reply (6-3) ;
set K782/783, Z —» data bus (6-9).

B6 E310 Enable field 0—Z if address bit 12 =0 (6-9)

B7 E311 Enablefield 1 Z if addressbit12=1 (6-9)

B8 E314 Clear K700/701, activate read (6-5);
turn off X and Y drivers(6-17) and (6-21)

B10 E320 Set K720/721, inhibit FF (6-5);
partially enable inhibit drivers (6-27)

if block inhibit signal down.
Set K730/731, activate write (6-2) ;

enable X and Y drivers (6-17) and (6-21).

C3 E322 Partially enable setting of K790/791, parity
error FF (6-5and 6-15), if disable parity

Cl E321

D3 E323 Clear write designator bit FFs (6-9) (re-
dundant on a read STO)

D4 E330 Clear K782/783, Z —» data bus (6-9)

D9 E334 Clear K710/711, gate FF; K720/721, inhibit
FF; and K730/731, activate write FF (6-3),
End of write cycle

E2 E331 If no partial error or disable partiai error,
clear "S" reg (6-7)
If no partial error or disable partial error,

clear K760/761 R/W FF (6-3)

E6 E336, E338 Turn on all drivers (6-17 and 6-21) to
discharge transformers

E7 E332 Clear K770/771, busy FF (6-5)

*Page number in Logic Diagrams

WRITE STORAGE TIMING

G176 Request from left bus and module select code
compare locks scanner CC (6~3).

After .1 us GO70-~G072 = 1 if busy (6-3)
Set K796/797, left bus selected (6-3,
Set K780/781, reply and transmit reply (6-3)
Enable left S bus—» S register (6-7)
Enable write designator bits to K74X FFs (6-9)
Set K750/751, pulse generator (6-5)

A3 E303 Set K710/711 gate FF (6-5) }Enable X

Set K700/701 activateread FFy and Y gates
(6-5) and drivers
Set K770/771 busy FF (6-5) (6-17 & 6-21)
K773=1 and transmits a busy signal
(6-5) and disables G07X and G08X in-

verters (6-3)
A4 E300 Clear K750/751, pulse generator (6-5);

Al10 E339 enable clearing of K760/761 on write stor-

e (6-3
B4 E312 %ﬁear K7230/781, drop reply (6-9);
enable left bus —»Z (only those characters
to be written new as determined by write
designator bit FFs (6-9).

BS E310 Enable field 0 — Z if address bit 12 =0 (6-9)
(used only on a partial write for those char-
acters not being replaced)

B6 E311 Enablefieldl—»Zifaddressbit 12=1 (6-9)
(used only on a partial write for those char-
acters not being replaced)

BS E314 Clear K700/701, activate read (6-5);
turn off X and Y drivers (6-17 and 6-21)

B10 E320 Set K720/721, inhibit FF (6-5);
Partially enable inhibit drivers (6-27)

Cl1 E321 Set K730/731, activate write (6-5);
enable X and Y drivers (6-17 and 6-21)

C3 E322 Partially enable setting of K790/791, parity
error FF (6-3 and 6-15), if disable parity
(only on a partial write to check parity on
those characters not being replaced)

D3 E323 Clear write designator bit FFs (6-9)

D4 E330 Clear K782/783, Z — databus (6-9) (redun-
dant on write storage)

D9 E334 Clear K710/711, gate FF; K720/721, inhibit
FF; and K730/731, activate write FF (6-5) .
End of write cycle

E2 E331 If no partial error or disable partial error,
clear "S" reg (6-7)
Ifno partial error or disable partial error,
clear K760/761 R/W FF (6-3)

E6 E336, E338 Turn on all drivers (6-17 and 6-21)to
discharge transformers

E7 E332 Clear K770/771, busy FF (6-5)
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INTERFACE

There are anumber of paths for transfer of data and
control signals between processors and the storage
module. Signals are received by the storage module
on receiver cards designated RXXX, Signals are sent
back tothe processor viatransmitter cards designated
TXXX. These signals are listed in table 12,

Table 12, INTERFACE SIGNALS

LEFT BUS | RIGHT BUS | FUNCTION OF SIGNAL

R620 R621 Memory Request

T620 T621 Reply

R622 R623 Write

R624 R625 Master Clear

R626 R627 Disable parity

R640 R641 Write character 3

R642 R643 Write character 2

R644 R645 Write character 1

R646 R647 Write character 0

R648 R649 Write address
F600-R612 | R650-R662 Bus to S, bits 0-12
R700-R723 | R750-R773 Bus to Z, bits 0-23
T700-T723 | T750-T773 Z to bus, bits 0-23

T774 T775 Parity fault

Signals required for direct access to 3309 Storage
Module.

1. "Not" (inverted) state of 24 data bits to storage de-
signated Zy.

2, "True" (not inverted) state of 24 data bits from
storage designated Zy.

3. "Not" (inverted) state of 13 address bits to storage
designated SX .

ADDRESS BITS

4. Five partial write signals designated W, dictate
writing into a storage locationaccording tothe fol-
lowing assignments:

WRITE W, W, W, W; W,
Bits 00-05 | 1 - - -0
Bits 06-11 | - - -0
Bits 12-17 | - -1 -0
Bits 18-23 | - - - 1 0
Bits 00-14 | 1 0 0o 1
Bits 00-16 | 1 11 0 1

5. Read, master clear, disable parity, request sig-
nals to the storage module.

6. Reply, parity error signals from the storage mod-
ule.

7. "True" (not inverted) state of 24 data bits from stor-
age on same lines as data to storage.

8. Busy, drive fault, module present, 8K present sig-
nals notused as logic except incase of static. Busy
and drive fault light an indicator.
condition the line goes to ground, busy drives 100
ma at -20v, drive fault drives 250 ma at -20v.
Module present and 8K present are wired directly
to ground for the condition stated.

For the stated

All signals except those listed in 8 above are stan-
dard 3300 - type transmitter /receiver pairs. Timing
for signals is shown in figure 118, Times before dis-
continuity relate to the request. Discontinuity is a
wait caused by priority scanning and/or storage busy.
Times after the discontinuity relate to the reply. Shaded
areas represent variations which can or do exist,

Signals defined in 1, 3, 4, and 7 abeve, in addition
toread, request, and reply are necessary. All others
may or may not be used.

REQUEST

READ

PARTIAL WRITE SIGNALS

REPLY
DATA BITS (WRITE)

DATA BITS (READ) 2

500 | 500 |

s F

n SEC.

T n SEC. i

Figure 118. Storage Reference Timing
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PIN CARD POSITIONS ROW
NUMBERS
04 03 02 01
1 + o + - + . .
) Z18 Z12 Z6 Z0
3 + - + - + — .
. 719 Z13 z7 Z1
5 + R + R + . .
6 720 Z14 Z38 Z2
7,8,9 UNUSED M

10 + - + + — —
Z21 Z15 Z9 Z3

11 - - -
12 + - + - + R —
Z22 Z16 Z10 Z4

13 - - -
14 + L + - + L .
Z23 Z17 Z11 Z5

15 - - -
1 + + . + . .
9 WO 512 S6 SO
3 + + + . _
4 Wl Read S7 S1
5 + + + - .
6 w2 Reply S8 S2

7,8,9 UNUSED N

10 + + +
w3 Master 59 3

11 - - clear -
12 + . + - —
W4 Disable S10 S4

13 - - parity -
14 + Interrupt + Pari + L .
from other arity S11 S5

15 - error -

processor
NOTE: The rightbus wiring enters the module via the flex-prints in the card positions shown.
The wiring leaves the module via flex-prints in card positions 41-44. The signal
assignments for position 01 correspond to those for position 44, etc.
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8K Memory Module Flexprint Assignments



3300 Memory Power Supply ga2a OVERLOAD g29A
- . . o
Power supply is not covered in this manual. Ysoo Y601 K798 Y996 | TO P.S.

H

Circuits notcovered so farin this manual are shown
in figure 120.

p38A g38€E g3gc
soo1—{L750] 3041 | so81 |
@388 P38F P390
soil L7551 | sos| | s091 |
g3sc PELY g39E
so2| L752 sosl s10l |
9380 p398 @39F

SO31

s071 | st L76! I

S LIGHT DRIVERS

100 wSEC

@28 @43
GI7Tl ———> K799 [ T728

38

CLEAR Z
H21A

é

I
N
w

i

x
n
o

G062

i

H21D

i

PULSE GENERATOR K750 -—

WC 6170
Z LIGHT DRIVER

Figure 120. Additional 3300 Circuits

3302 STORAGE MODULE

Two processors may share the use of a 3302
Storage module. To reference a 3302 storage mod-
ule, either the processor or the Multiprogramming
module must send a Storage Request signal accom-~
panied by: 1) a 3-bit module select code and 2) a
14-bit coordinate address to the storage module. A
scanner controlled by a switch located on the stor-
age module control panel determines which proces-
sor has access to storage.

When a request is recognized, storage control
gates the 14-bit coordinate address from the S bus
into the S register, where it is translated to select
the proper drive lines for a memory reference.

Amemory cycle is then started which consists of:

1. A Read phase, during which time a word of

information is removed from an address in
memory, followed by

2. A Write phase, during which time a word of

112

information (either the same word or a new
word) is written into memory at the same
address.

The processor will specify either read from

memory or write into memory.

1. Read from Memory. Memory performs a
Read re-store cycle in which a word is taken
from memory, entered into Z, andre-stored
in its original memory location. While in Z,
the word is transmitted to the equipment via
the data bus.

2. Write into Memory. Memory performs a
readcycle, with entry to Z blocked for all or
certain portions of the word from storage.
Portions of the word to be blocked from Z
are determined by the type of partial write
mode selected (selection depends on the in-
struction or cycle being executed).



16K Stack

Figure 121,
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STORAGE Worksheet #1

A 3304 with four 3309's and no Multiprogramming
module is in use at this installation. The system
operates Non-executive. ~The morning maintenance
check uncovered amalfunction in the system. Indica-
tions were as follows:

After writing 1's throughout
storage (enter continuous operation) subsequent sweep
operations indicated thatall 0's were being read from
locations 40004, 40005, 40014, 40015, 40104, 40204,
and some higher-numbered locations. The symptoms
established a pattern.

Answer the first questions below and follow the direc-
tions given!

1. What memory module is causing the trouble? Mod-
ule # Go to step 1.

2. (Answer yes or no) Can a sense amplifier be at
fault? Go to step 2.

3. {Answer yes or no) Could the error be in the inhibit
circuitry? If your answer is yes, goto
step 3. If your answer is no, go to step 4.

@ Module 2 is causing the trouble. This canbe seen
by looking at the addresses (in binary notation)
that failed:

40004 = 100 000 000 000 100
40005 = 100 000 000 000 101
40014 = 100 000 000 001 100
40015 = 100 000 000 001 101
40104 = 100 000 001 000 100
40204 = 100 000 010 000 100

The upper 2 bits of the address always indicate
the module number. Inthis case, 10is considered
a 2: therefore, the trouble exists in module 2.

Another way of remembering which modules
contain which addresses is to remember this table:

Module Number Contains Addresses

00000-17777
20000-37777
40000-57777
60000-77777

w N = o

What module is causing thetrouble if addresses
50004, 50005, 50014, 50015, and 50104 are drop-
ping bits? Module # .

If your answer was other than 2, goback and re-
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view the step--now! If your answer was 2, go to
question 2 in the first part of this worksheet.

@ NO! A sense amplifier could not be at fault. It
would require atleast ___ sense amplifiers mal-
functioning to cause a complete word to read up
0's after 1's were stored in that location. Re-
member there is a sense amplifier for every bit
of the word, not a sense amplifier for eachword.

If you answered this question with yes, it would
be advantageous for you to go back in the storage
text to the area covering the sense circuitry and
study it some more.

A sense amplifier (can or cannot)
cause the loss of 24 bits.

If you put can on the line above, you did not go
back to the text and study as was suggested.

If you put cannot on the line above, go toques-
tion 3 at the beginning of this worksheet.

@NO! The inhibit circuitry is not at fault. It couldn't
be! Remember how the inhibit circuits operate.
They are in stripes throughout memory, aren't
they? How many stripes are there? How
many drive lines are involved or paralleled by
inhibit lines?

Draw the inhibit lines on this representation of
a core plane.

There are four inhibit stripes per plane andeach
stripe parallels 16 drive lines. Now, how could
the inhibit circuits cause the lossof all 24 bits in
locations 40004, 40005, 40014, 40015, 40104, and
402047 Go to step 4.



@ You are right--the inhibit circuits could notcause

the trouble. The reason they couldn't be at fault
is:

Several possible reasons would indicate that the
inhibit circuits could not be at fault. Some of the
reasons are:

a. The inhibitcircuitry is associated with one bit
but the error involves 24 bits from different
memory locations; therefore, the inhibit cir-
cuitry is not at fault.

b. The inhibit circuitry affects stripes in mem=-
ory or certainmemory locations, which applies
to this problem, but the stripescould notcause
locations 40004, 40005, 40014, 40015, 40104
and 40204 to fail. This can be verified by re-
viewing the operation of the inhibit lines. If
you have forgotten just how the inhibit wires
operate itis suggestedthat you quickly review
the area in this chapter that covers this cir-
cuitry.

Go to step 5.

Now the problem is localized to memory module 2
by checking the appropriate bits in the failing ad-
dresses.

a. The sense amplifier circuits have been elim-
inated because they affect only one bit per word ,
not all 24 which is the problem.

b. The inhibit circuits have been eliminated for
much the same reasonthat the sense amplifiers
were. The inhibit circuits are normally asso-
ciated with one bit in every word, not all 24
bits. The stripes have no effect on more than
one bit. The stripes do affect a series of lo-~
cations but not a series of bits.

Could the trouble be drive line transformexrs?

Ifyou answered no, go to step 6 . If youanswered

yes, go to step 7 .

You're right. The drive line transformers could
not be at fault! Why?

you of?

Each transformer feeds twodrive lines, one Lo
address and one Hiaddress. In thischapteritwas
shown that the transformer is turned on if that
particular address isneeded. You will recall that
transformers are selected by a unique gate and
driver combination., There are X transformers
and Y transformers and they supply the direction
of current flow for the drive lines during both read
and write.

Another circuit area in the storage module has
now been eliminated. Go to step 8 .

Now tell me --how could the transformers be at
fault?

How many drive lines canone transformer feed?
What does Lo and Hi addresses remind

Think a moment. Remember how the trans-
formers were presented in this chapter:

Lo Hi

(S

TXXX

Lo referred to low addresses and Hi referred to
high addresses. How many Lo and Hi addresses
are involved per transformer?

One Lo and one Hi address is involved per trans-
former with one transformer for Y lines and one
for Xlines. It mustbe remembered thatthe trans-
formers supply the direction of current flow onthe
drivelines for bothread and write operations and
that the transformers can be turned on more than
twice in any run through memory from addresses
0000 through 7777. That is, the Y coordinates
could be for any one address from 00 through 77
and the X coordinate transformer for address 00
would be turned on for each of the following ad-

dresses:
(00 00
. 01 00 S
Different 02 00 ame

X coordinates,
thus same
transformer

Y coordinates,
thus different
Y transformers

77 00
-

Look again at the addresses that failed:
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40004 = 100 000 000 000 100
40005 = 100 000 000 000 101
40014 = 100 000 000 001 100
40015 = 100 000 000 001 101
40104 = 100 000 001 000 100

Y transformer X transformer

It's easyto see thatfour different Xtransform-
ers areinvolvedin these addresses. Atleast two
different Y transformers are needed for the ad-
dresses. Therefore, the transformers could not
be the problem. Go to step 8§ .

What circuitry in memory module 2 would you sus-
pect as being faulty at this point?

doyou think it is?
We'll see, To determine which one is faulty it

is necessary to analyze S register, Certain bits

in S register select the circuits listed above.
What bits select each of these circuits:

X gates = bits , ,
Y gates = bits , ,
X drivers = bits , s
Y drivers = bits , >

The addresses that failed are written below in
binary (only the lower 12 bits).

Go to step 10 .

Your choice is valid but you should be a bit more
specific thanyouwere, Canthe circuitry be broken
or divided more thanyou have done? Where would
you look in S register for a failure?

Address Bit Number

11109 |8 76 |543(210
40004 000j]000j00O0]1O00O0
40005 000|]000(0O0CO01]1 01
40014 000|00O0|0O01|1O00O0
40015 000|000}j001]101
40104 000j]001(00C0G|1 00O
40204 000|010|000}100

If you were able to answer this question then you
are ready to go back to step 8 and try again.

Several different suggestions might have been

made at this point. Obviously some area of cir-
cuitry in the storage module is at fault. If in
step 8 you listed S register as your answer, go
tostep 9 . Ifyou had any answer othexr than S reg-
ister, go to step 11 .

There were only four other logical choices you
could have made at step 8 . The error is known
to exist in module 2. The sense amplifiers, in-
hibits, and the drive line transformers have been
eliminated. This leaves the:

X gates

Y gates all controlled by
X drivers S register.

Y drivers

One of the four listed above is faulty. Which one

Bits 11, 9, and 6 do not always stay the same for
all failing addresses, therefore it seems practi-
cal at this point to say that the problem is prob-
ably not the Bits 10, 8, and 7 change,
therefore it probably is not the . Bits
5, 3, and 9 change also, therefore it probably is
not in the either. Bits 4, 2, and 1 are
always in the same configuration for every ad-
dress that fails, therefore the seem the
most logical circuit toinvestigate first--but which
X gate? .

Remember in this chapter the easy method that
was shown for determining the gate numbers? Just
read the bits that select the gate in binary, con-
vert to octal, and you have the gate number in
question, In this case, bits 4, 2, and 1inS reg-
ister select the gate, Each time a memory loca-
tionfails, the bits involved are 0, 1, and O or 010
or X gate 2.

Refer to the complete setof 3209 prints and sup-
ply the location number of the bad gate. X gate

located at at module

Go to step 12 .

You should have G002 located at HO9A in module 2.
This circuit just abouthas to be the problem. Re-
view the procedure for troubleshooting this prob-
lem by reading throughthe flow-charted summary.,
(figure 133).



First indication of trouble

Is the problem
with memory?

Localize
the trouble.

Localize the trouble to one module by
checking the upper two bits of addresses.

Could a sense
amp cause the
trouble?

Yes

Could it be\ Yes

Determine which inhibit.

Yes_ Perhaps it is ina common circuity inthe processor,
such as thedata bus register or the transmitters.

> Determine which bit number and which
field, and then replace the amplifier.

Is it

for all stripes or only one stripe?
Could a drive v
. es
line transformer ® Determine whichtrans-
‘ cause this? former and replace it.
) |
Is there anything
No { commonaboutthe }—Y&S
addresses?

Coulditbebits | Yes

It hastobe a Y driver or one

11, 9, and 6?7

Coulditbebits \_Yes

of those bits in S register.

1t has to be a Y gate or one

10, 8, and 77

Yes

Could it be bits

of those bits in S register.

It hasto be an Xdriver or one

5, 3, and 07

It has to be either bits 4,
2, and 1 or the X gates.

® ] ocate and replace

Figure 122, Troubleshooting Flow Chart #1

of those bits in S register.
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STORAGE Worksheet #2

A 3304 with four 3309's and no Multiprogramming
module is in use at this installation. The system
operates Non-executive. During morning maintenance
is first located when the console typewriter types out
the following information while running a testroutine:

Location 20040: Bit 2 set; should be clear.

After typing out, the test routine stops.

NOTE: For purposes of this worksheet any faults that
would cause the computer to interrupt or halt
are ignored. The purpose of this worksheet
isto familiarize the student with general oper-
ation of some specific circuit. The fault cir-
cuits are covered in other problems.

Answer each question and fallow the directions given.

What memory module is causing the trouble? Mod-
ule# . Goto step 1 , answer each question, and
follow the directions given.

@ You could not know at this point if the faultisin a
memory module! The mostyou know right now is
that one memory location in storage possibly is
at fault. It is not wise to make such a hasty de-
cision with so little information. You could be
right; the error might be in a memory module--
but you might be wrong.

Have you verified that there is an error? List
the steps of the operation you would perform at

this time to verify that an error does exist that
perhaps is common to all of storage.

List the steps of the operation you would per-
form to verify the trouble.

Step 2 contains some logical first steps, one
of which you may have writtenabove. Lookthrough
the list for the operationyouwould have performed.
If the operation you listed is there, follow the di-

rections given.
@ a.
tion 20040. You then executed the load A. If
a load A was your choice, go to step 3 .

b. You sweptcontents of location 20040 to C reg-
ister for observation. If thiswas your choice,
go to step 4 .

. You entered (via keyboard) all 7s into C reg-
ister and stored (C) in memory location 20040.
Then you executed a sweep from that location
in storage. If this was your choice, go to
step 5.

d. Youclearedlocation 20040 and thendid a sweep

You entered (via keyboard) a load A from loca-

(o]
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to C for observation. If this was your choice,
go to step 6,

e. You cleared all of memory, then did a sweep
or check of all addresses in storage. If this
was your choice, go to step 7 .

f. If the operation you performed was not listed
above, perhaps your choice was not one of the
most logical ones you could have made. Ana-
lyze your operation. What help is it to you in
verifying that the system does not work? Per-
haps the operationyou chose would have helped
you and it was just not listed above.

Either way, now that you have read through
the list of logical choices supplied above, which
one of them do you feel is the most logical?
Reread the problem, make another choice
(from a to e above), and follow the directions
given.

@ After executing the load A from memory location
20040, (A) = 12106037,

Knowledge gained: Bit 2 coming to A register
as a 1 could be significant. How do you know that
the faulty bit (bit 2) in memory is a 1? You do not
know, do you? By the same token, what if some
circuitry is faulty--data bus for example--and a
0 actually is in bit position 2 in storage, but be-
cause of the faulty circuitry becomes a 1 between
storage and A register?

You wasted precious time by doing this load A
operation. You do not know what is in storage,
so how can you analyze what comesto A register?
(If younoticed the possibility of a parityerror re-
fer tothe note on the first page of this worksheet.)

Go back to step 2 and make another choice.
Remember you are trying to verify the existence
of an error.

@ After you sweep the contents of location 20040 to
C register for observation you will find that C
contains 12106037.

Knowledge gained: Bit 2 coming to C register
as a 1 could be significant. How do you know that
the faulty bit (bit 2) in memory is a 1? You do not
know, do you?

By the same token, what if some circuitry is
faulty--data bus for example--and a 0 actually is
in bit position 2 in storage, but because of the
faulty circuitry the 0 becomes a 1 between stor-
age and C register?

You wasted precious time by doing a sweep at
this time. You do not know what is in storage,
so how canyou analyze whatcomes to C register?
(If you noticed the possibility of a parity error re-
fer tothe note on the first page of this worksheet.)

Go back to step 2 and make another choice.




Remember you are trying to verify the existence
of an error.

@ When you sweep up the 7s you entered in location

20040you will find that C register contains all 7s.

What did you expect? The original indication
stated that bit 2 was set and should beclear. You
stored all 7s and they came back as 1's, so you

proved nothing.
This was a waste of precious time. Go back to

step 2 and make a better choice.

@ When you do a sweep to location 20040, after you

clear it you will find (C) = 00000004 .

Knowledge gained: There definitely is a prob-

lem. You stored all 0's in location 20040, but
bit 2 comes back as a 1. This indicates that at
least one memory location is faulty--but dp the
others react the same way? A good way to find
out would be to do step 2 , item e. Read it and
follow the directions given.
Clear all of memory and then, as you auto step
througl—q_memory, bring contents of locations to
C for observation. Use auto step here (sweep
continuous could not give a visual display of C
register) or write a small program to check the
contents of each location for 0's. Then the fol-
lowing occurs:

Whichever operation you perform (auto step or
a program to check for O's in all locations, the
first indication of an error occurs at location
20040. The contents of that location is 00000004;
it should be all 0's. Bit2 ofaddress 20040 comes
back a 1 when it should come back a 0. (If you
wonder about the possibility of a parity error refer
to the note on the first page of this worksheet.)

What is the most logical operation you could
perform now to see if other locations also fail?

Go to step 9 .

Module 1is causing thetrouble. This can be seen

by looking at the addresses (inbinary notation) that
failed.

The upper two bits of the address always indicate
module number. In this case 01 is considered a
1; therefore, the trouble exists in module 1.

Another way of remembering which modules

contain which addresses is to remember this table:

Module Number Contains Addresses

00000-17777
20000-37777
40000-57777
60000-77777

w N =oO

What module is causing the trouble if addresses
20004, 20005, 20014, 20015, and 20104 were drop-
ping bits? Module # .

If your answer was 1, go to step 10 . If your
answer was other than 1, go back and review the
step--now!

@ Probably the most logical operation to perform

at this time would be to run your sweep operation
or checking program again to determine if other
locations besides 20040 are getting a bit in posi-
tion 2 when they should not.

Assumingyou do check memory either via con-
tinuous sweep or aprogram operationyou will find
the same errors (bit 2 is a 1) in the following ad-
dresses: :

20040——20057
20140——»20157
20240—»-20257
etc.
37640——37657
37740——» 37757

All other addresses contain all 0's and all bits
except bit 2 in the above addresses are 0's.

The faulty circuity exists in only one storage
module. Which one?_

If you answered 1, go to step 10 . If you an-
swered 0, 2, or 3, goto step § .

Storage module 1 is the faulty one. The only ad-

dresses that failed are located in module 1. It is
known that module 1 is faulty in some manner.
Could a sense amplifier in storage module 1 be
faulty? (yes or no)

If you said yes, go to step 11 . If you said no,
go to step 12 .

@ No, a sense amplifier could not be at fault. In

storage module 1 only selected addresses are fail-
ing, not all addresses. _’_I‘E@ same sense amplifier
is used for bit 2 for every location in module 1.

You should have remembered this from the des-
cription of the storage module inthis chapter. For
review draw the sense lines on the following rep-
resentation of a core plane.
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You should have four different sense windings,
one for each bit position. Do you remember what
addresses are involved ineach quarter of the core
plane? Alladdressesareinvolved! Gotostep 12.

@ A sense amplifier could not be at fault because not

all addresses inmodule 1 are failing, justselected
ones,

It has been determined that only addresses end-
ing in 40 to 57 in module 1 are failing (see step
9 for complete listing) and only one bit is incor-
rect in each of those addresses.

What circuitry would you suspect as being at
fault at this time?

tact the only logical choice that could have been
made was the circuits.
Go to step 14 .

The logical choice is the inhibit circuitry--but what

part of the inhibit circuitry?
Some of the addresses that failed are listed in
binary below:

Some Bit Numbers (Lower 6 Bits Only)
Addresses 5 4 3 2 1 0
20040 1 0 0 0 0 0
20045 1 0 0 1 0 1
30156 1 0 1 1 1 0
32351 1 0 1 0 0 1
33454 1 0 1 1 0 0
37757 1 0 1 1 1 1

Go to step 13 .

@ If only addresses ending in 40 to 57 are failing and

[eey

[3=]

only one bit in each of those locations is incorrect,
you should have listed the inhibit circuits as your
choice for step 12 . This is the most logical
choice because it is the only circuit left in the stor-
age module that is associated with only one bit.

If you listed the inhibit circuits as your choice
for step 12 go to step 14 ,

If you do not see how the inhibit circuits could
be the logical choice at this time read on for a
moment.

The sense amplifier could not be at fault, All
locations use the same sense amplifier for bit 2
and alllocations do not fail. Gates, drivers,
transformers, or S register would affect more
than one bit in any location, thus they are not at
fault. Z register could not be at fault because
all addresses use Z register and all addresses do

not fail.
Unless there is an outlandish problem like the

stack being bad or a cable or wire not making con-

Note that bits 5 and 4 are the same for each ad-
dress that failed, The upper two bits (5 and 4) of
the X series of bits (5 through 0) select the inhibit
stripe during reference to those locations. It
seems most logical that the fault is in an inhibit
stripe. What inhibit stripe is faulty? Stripe# .
Go to step 15 .

@ You should have listed stripe 2! Bits 5 and 4 read

in octal area 2 (102 is a 28). It is knownthat in-

hibit stripe 2 is bad. It is also known that it is

only common to bit 2. Therefore, the faulty cir-

cuit is not the inhibit gate, which controls bits 0,

1, 2, and 3. The fault must be in the inhibit
for bit 2.

Open your manual of storage prints to the page
containing circuitry for the inhibit drivers andload
compensator drivers. Inthe lower left corner you
will find the inhibit gates, controlled by bits 5 and 4
from S register. Only two of these eight gates
(G020 to G027) will be outputting a 1. Whichtwo?
G and G .

G022 and GO26will be outputting a 1 because they
are the gates for X addresses from 40 to 57.

The trouble is not in the gate; it is in the bit
itself. Look up the left side of the same page in
the prints until you find the inhibit generator for
bit 2, (It will be controlled by bit 2 from Z reg-
ister and either G022 or G026.)

What inhibit generator is at fault?

. Where

is it physically located?
Go to step 16 .

You should have D522 located at JO2A for your an-

swers to step 15 . Go tothe summary flow chart

(figure 123).



Be sure thatyou have enough
Yes , information about the trouble
before you make any big de-
cisions about it. Find out
enough about the problem so
‘ / that you can solve it through

Can the trouble
belocalized with
the available in-
formation?

. a process of elimination.
Localize the trouble.

Is the trouble
in storage?

Perhaps it is in a common circuit
in the processor, such as data bus
register or the transmitters.

All of
storage?

Localize the trouble to one module
by using the top two bits of addresses.

!

No { Could a senseamp \ Yes Determine which bit number and
cause the trouble? which field and replace the amplifier,

Determine which in-
hibit stripe is at fault.

'l

Has the stripe num-
ber beendetermined?

Could it be) Yes
inhibits?

No

Continue localizing the
problem (X or Y gates
or drivers, for example),

Could it be
inhibit gates?

If the compensator were bad
all locations would be affected No
(either loss or pickup of bits).

Could it be the
compensator?

Replace it.

It's rough from here
on --perhaps stack
or cable troubles!

No (Couldit beanin-

ibit generator? Determine which one and replace it.

Figure 123 Troubleshooting Flow Chart #2

First indication of trouble @

Determine which
gate and replace.
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SELF-EVALUATION QUIZ ON CHAPTER 4

TRUE OR FALSE (T or F)
1. The 3302 consists of two 3309s.

2. The 3309 stack has four planes per wafer.

3. The 3309 checks parity onevery write operation.
4. Stop on storage parity error is switch selectable.

5. Each inhibit driver drives a 16 x 64 matrix of

cores.,

6. Both the 3302 and the 3309 check parity for each

character of a storage word.

7. Bit27 of the storage word is the parity bit for char-

acter 0.

8. A master clear within the 3309 cannot occur until
2 usec after storage reference has beeninitiated.

9. A master clear may be performed from the controtl

panel of the 3309.

10. Adjacent storage modules are connected via flex

jumpers.

11. If desired, 32 3309s may be used to form 262K

storage capacity.

12. The 3309 senses for illegal write conditions.

st
(3]

13.

14.

15.

16.

17.

18.

19.

20.

A bit module select code is necessary
for the 3302.

A 3309 may be used by more than one processor.

The 3302 contains twice the control logic of the
3309,

Address is supplied to the storage modules via
the S bus.

Data is supplied to the storage.modules via the
data bus.

There are twice as many R cards for bit 14 of the
S bus as there are for bit 07.

The physical placement of the storage modules in
relation to the processor is determined by the

module number.

There are 28 wafers ina 3309 memory stack.

Score yourself:
Missed none or one? Not bad--matter of fact, excellent!

Missed two? Satisfactory
Missed three or more? WAKE UP!



{

Figure 124. 3311 Multiprogramming Module

CHAPTER 5

3311 MULTIPROGRAMMING MODULE

INTRODUCTION

The Multiprogramming module is optional to the
3300 System and if incorporated into the system it
will:

1. Allow a maximum of 262K of core storage

2. Segment core storage into 2K pages

3. Allow dynamic relocation

4. Sense for Illegal Storage Reference

The 3311 is physically located in Chassis 5 and
consists primarily of a 24-bit, 64-word, word-
organized storage--called the Page Index File--and
control logic. Figure 124 is a photograph of the
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Multiprogramming module. Notethat binary register
displays are available on the control panel. Figure
125 shows the physical location of the Multiprogram-
ming module.

If the system is operating in the Non-Executive
mode, the 3311 will not relocate addresses, If the
system is operating in the Executive mode, the 3311
is used for every storage reference. Before dis-

cussing the overall operation of the 3311 it is neces-
sary to understand the principles of word-organized
storage.

The approach to presenting materialin this chapter
is based on the assumption that the reader has familiar-
ized himself with theories of magnetic core storage as
contained in chapter 4.

GENERAL INFORMATION

The Page Index file is a 64-word (24 bits per word)
rapid-access memory. The Page Index file uses the
word-organized rather than the coincident current
technique. The primary advantage of word-organ-
ized memory lies in the ability to use larger read

drive currents than are possible in coincident cur-

rent memories. These larger read currents produce
faster core switching speeds and much faster access

time (250 nsec).

field in this direction and does not switch as a result

of the read current. The field of each core that was

POWER
PANEL
STANDARD BLOCK /o
PAGE ARITH CONTROL | CHAN
POWER |INDEX FILE POWER
PANEL DISPLAY |FLOATING 0-1 |PANEL
POINT MAIN
[PAGE INDEX OPTION CONTROL
FILE
(RELOC) INTERRUPT
OPTION
Figure 126. 3300 Physical Layout
@W@ BIT 00 ol 02 03

A word-organized memory differs from coincident
current memory inthat all of the cores for a givenad- ADDRESS ~ IJ,> ~ ~
dress lie along only one drive (word) line. A word- 00 < a ( < a w
organized memory has its cores arranged in a matrix
as shown in figure 127,

A 4-bit, four-address matrixis illustrated; however, ol LV> 23 N N w
the matrix assembly would be the same regardless of _z( 00 el Qf
address capacity or word length,

As is shownin figure 127, aword line is common to
all cores in one address., A sense line is common to 02 )70 /L) ,L') D> w
all cores inone bit as is the digit line. The cores are L1 QT Al Al
magnetized in either directionby a combination of word
and digit current. In this manner the cores are able
to store alogical 1 or alogical 0. The direction of the 03 B i 2 g’:) V) w
core's flux fieldwillindicate whether the coreis stor- < 61 64 1
ingalorad0. ~

To extract data from an address, a read current is S S S S
appliedto the wordline. Thiscurrent aligns the fields D D D D
of the cores on that word line in the same direction.

Each core that was storing a 0 will already have its D = Digit line S = Sense line W = Word line

Figure 127. Word-organized Memory Matrix
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storing a 1 is forced to switch direction by the large
amount of drive current.

The switching of a core induces a voltage onthe sense
line which is detected by a sense amplifier. It should
be noted that there is one sense line for each bit posi-
tion (figure 127) andthat it is commonto all of the ad-
dresses for thatbit. The readcurrent is going only to
those cores at the selected address; therefore, although
a sense line threads all of the cores in all addresses
for one bit position, it does not receive aninducedvol -
tage from any source other than the core at the selected
address. During the read operation the digit line is
not used.

Writing into a word-organized memory retains the

principles of coincident current memories and is al-
ways donewiththe cores at the selected address in the
clear state. Writing is done with an augment-inhibit
system using adigitline (figure 127)toincrease orde-
crease the write drive current that is applied to the
core. Thewrite drive current is always appliedin the
opposite directionof the readdiive current. To write
a linto a bit position, the core would have to be switched
asitisinthe Qstate from the preceding read operation.
When the write drive current is applied, the digit cur-
rent must be in a directionthat will augment the drive
current and cause the core to switch. If a 0is to be
written the digit current must be in a direction that
will effectively counteract (inhibit) enough of the write
drive current to prevent the core from switching. Thus
the digit driver must be capable of providing a bidirec-
tional current on the digit line.

The digit currentis representedby +I and -I. When
a 1 is tobe writteninto a bit position, the applied digit
current is in the +I directionand produces a total ap-
plied current of 31 when added to the write current,
more thansufficient to switch the core, If a 0is tobe
written, the applied digit currentis -I. The write drive
current, 21, is inhibited by the digit current of -1 and
results in a total effective current of I, which is not
of sufficient amplitude to switch the core.

As mentioned earlier, the primary advantage of a
word-organized memory lies inits ability to use large
drive currents to produce faster core switching. Be-
cause the cores at the unselected addresses donot re-
ceive drive current, as opposedto their receiving half
drive current in coincident current memories, gen-
erally the only factor limiting the size of the read drive
currentis the current-carrying capacity of the transis-
tor switches that select the word lines.

Two-Core Bits
A disadvantage common to hoth word-organized and
coincident current memories is the fact that g different
number of cores are switching each time data is read
or written. This resultsin a varying load onthe drive
line and requires extensive compensating circuits.
Aneffective means for overcoming this disadvantage
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is to use two cores for every bit position. A word-
organized memory using two cores per bit, as in the
register file, has its cores arranged in a matrix as
shown in figure 128,

The center horizontal line through the cores (figure
129) is the word line which is doubled so as to loop
through eachcore twice. Only oneis shown. Thishas
beendone in order to double the effective current that
is applied to the core. Note that the sense and digit
lines at core B are threaded in oppesition.to the word
line while in core A they are in the same direction.
Therefore, when current is applied to the sense and
digit lines, the digit currentwill be in the same direc-
tionas the drive current in one core while it will be in
opposition to the drive current in the other.

Regardless of the storage of a 1 or a 0 ina bit posi-
tion, the flux state of the two cores are in opposite
directions. If the bitbeing storedis a 1, the flux field
of core A (figure 129) will be inthe directionindicated
and core B will have its flux fieldin the opposite direc-
tion. If the stored bit is a 0, both flux fields will be
the opposite to that when holding a 1.

To read, a read current pulse is applied to the word
line at the selected address. This read current will
attempt to align all of the cores along that word line
with their fields in the R direction. Note that before
this, one of the two cores at each bit position already
had its fieldin the R direction. When the read current
is applied, the remaining core at each bit positionwill
switch to the R direction. Core switching will induce
a voltage on the sense line. The polarity of this volt-
age will depend on which of the two cores switched.
Had the bit position been storing a 1 when the read
current was applied, core B would have switched., If
a 0 had been at the bit position, core A would have
switched, With this type of read out, sense amplifier
design is greatly simplified, requiring only a differ-
ential amplifier to detect the change in polarity.

Writing uses the same principle discussed earlier
and is done with the fields of all of the cores at the
selected address inthe R direction following the read.
With two cores per bit, however, the digitline mustbe
threaded in such a manner thatthe digit current will be
able to augment the drive current in one core while it
inhibits the drive current in the other. The direction
of the applieddigit current determines which of the two
cores will produce effective drive current sufficient to
cause it to switch,

Writing into the register file uses a two-thirds write
scheme. With this, the drive current (2I) makes up
two-thirds of the total current that will be applied to
the core if that core was selected to be switched. The
write currentis of less magnitude thanthe read current
and is in the opposite direction. In order to switch a
core the digit line provides the remaining one-third
of the applied current. The digit line is threaded
thyough the two cores (figure 129) so that while the digit
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Q 4, Logic translators - translate the output of Sregis-

ter in order to enable the proper gate and driver.

,"'/(’)'Eﬁgr logic associated with the register file are:

Figure 130. Register File

current is augmenting the drive current in one core,
it will inhibit the drive current in the other core pre-
venting it from switching. To switch a core the drive
current, 0.8 effective, is augmented by the digit cur-
rent of 0.4 amp and results in a total effective drive
currentof 1.2 amp. The magnitude of 1.2ampis more
than sufficient to switch the core. The other core re-
ceives a current of 0.8 amp and -0.4 amp, a total ef-
fective current of 0.4 amp which is not sufficientto
switch the core.

ith a 24-bit word using 48 cores, no matter what
data is read or written the same number of cores, 24,
will switch for any given read or write operation. A
uniform number of cores switching each time will pro-
duce a constant load on the word line.

Another important advantage of a two-core-per -bit
system has alréady been mentioned: The bipolar out-
put onthe sense line simplifies sense amplifiex design
and providés a more positive method of recognizing
the difference between a 1 and a 0.

ORGANIZATION
A photograph of the register file is shownin figures

130 and 131. It consists ofthe following basic sections:

—_ .

1. Memory stack - contains the magnetic cores and
the scnse, digit and word lines,

2. Read and write drive boards - contain the circuits
for the gates and drivers that will send the drive
current into the stack.

3. Diode matrices - used to select drive lines and to
couple the drive current into the stack.

pod
[§+
w

1. S register - a 6-bit double-ranked register used to

hold the address to be referenced..f The first rank
(S1) holds the address for the read logic trans-
lators hnd the second rank (S2) holds the address
for the write logic translators.[

2. Sense amplifiers - 24 sense amplifiers that detect
and amplify the voltages induced on the same line
during read.

3. Digit drivers - 24 digit drivers that augment or
inhibit the switching of cores in order to write a
1 or a O into each bit position.

4, Z register - a 24-bit single-ranked register that

serves as anexchange register for reading or writ-

A blockdiagram of the register file is shown in figure
132. The following sections will explain each com-
ponent shown on the diagram.

STACK

The memory stack has two planes (0 and 1), Each
plane has 1755 cores arranged in a 65 by 27 array.
There is one spare address and three spare bits at
each address which are not used.

Figure 133 shows how the word lines are threaded
through the cores. Only the word lines for addresses
0 and 77 are shown. The writing scheme, however, is
the same for all of the addresses. Read and write
drive currents are applied to the word lines.




Figure 132. Register File Block Diagram
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It should be noted that the word lines for the odd-
numbered addresses enter from the north side of the
stack while the evenaddress wordlines enter from the
south. Small tabs are provided along the edges of the
stack for connecting the word lines and to provide jump-
ers between planes. At the tabs where the word lines
connect there are two lines attached. One of these wires
goes to the read drive board and the other goes to the
write drive board.

Withinthe stack awordline is provided for eachad-
dress. A word line enters aplane and passes through
all of the cores at that address. The word line leaves
one plane and passes to the next by way of a jumper
tab on the edge of the stack. The word line threads
all of the coresonthis plane for the same address, re-
turns to the first plane, and repeats again. In this

manner each core is threaded twice by the same word
line to double the effective drive current appliedto the
cores. The actual drive current flowing through the
word line during a read operationis 0.7 amps, but due

|
)

to the word line passing through the cores twice, the
current throughthe coreis 1.4 ampere turns. During
write, the word line current is 0.4 amps while the cur-
rent through the core is 0.8 ampere turns.

The digit and sense lines enter from the top and bot-
tom of the stack, respectively, and are threaded ver-
tically through the cores. Figure 134 shows the digit
and sense wiring for bits 0 and 23 only. The wiring
scheme, however, is the same for the entire stack.
Note that the two cores for each bit position are mounted
on separate planes.

A digit and sense line pass through all of the cores
inall addresses for aparticular bit, For example, the
digit and sense lines for bit 0 will pass through all of
the bit 0 cores in the 77g addresses.

v

/l:he cores that make up the magnetic storage ele-
ments are referred to as 20 mil cores. They have an
outside diameter of 0.020 in., an inside diameter o
0.013 in., and are 0.0035 in. thick. .

DIGIT

NORTH
(CHASSIS)

ODD DRIVE LINE
ADDRESS 77

N—

BIT 23

SENSE

WORD LINE SELECTION

A word line is selected whenever a driver anda gate
are enabled. The drivers and gates serve as switches
to allow the drive current to flow througha particular
word line. A simplified diagram of this is shown in
figure 135.

When reading, a pair of logic translators will enable
a read gate and a read driver. Current willflow in the
word line from -20v through the word line to +20v,

130

EVEN DRIVE LINE
ADDRESS 00

SOUTH ——>

Figure 134. Digit and Sense Line Wiring

When writing, another pair of logic translators will
enable awrite gate anddriver allowing current to flow
through the drive line in the opposite direction. When
reading or writing, the gate serves as a +20v switch
and the driver serves as a -20v switch.

A logical representation of the drive line selection
system for all 77 addresses is shown in figure 136,

The heavy lines between the diodes represent the
Wword lines. The address number appears beside each
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word line., To select any one of these word lines a
driver and a gate must be enabled. To select address
74, for example, a logic translator would enable read
gate 4 while another enabled read drive 7. When the
current is applied, it will flow from -20v (read drive
7), through diode B along the word line, thuanghediode

= glakime, through diode ‘A to +20v (read
gate 4) When the write current is applied, write gate
4 and write drive 7 are enabled, allowing current to
flow through the word line from diode D to diode C.
Diodes A and B are the same diode matrix as are di-
odes C and D. The other diode matrix serves in the
same manner except that they are connected to all of

the odd address word lines.

Read and Write Drivers

Mounted on either side of the register file (figures
130 and 131) are the read andwrite drive boards. The
circuits for the two are identical except for pin num-
bering. Figure 137 illustrates a driver and a gate.

The control signal input is the output of a logic trans-
lator. The logic translator will enable a path from
ground to the +20v connected to the primary of the in-
terstage transformer and force the transistor into con-
duction. The conduction of the transistors will allow
the drive current to flow from the -20v at the driver

+ 20V + 20V
[ §
lS)L H
-
1 1+ [ |
t <
4000 pf I 8)-\ I_ T?P 22pt T :: 100 ~
4 3
[ ] > @
CONTROL < DRIVE
SIGNAL O— —O CURRENT
IN 12 oy
GATE 1] 3
-20V
+ 20V + 20V
'y
15 uH )
* 3 10K
1
1 1 o
4000pt 8 ut DRIVE
I I b —0 CURRENT
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QY
4 3
* (e
CONTROL piite
SIBNAL Do o
IN \ 2 I
-20v
Figure 137. Gate and Driver
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through the diode matrix (one diode), through the stock,
through the diode matrix (the other diode of the pair),
and through the gate to +20v,

LOGIC TRANSLATOR

Four identical logic translators are usedin the reg-
ister file. Their purpose is to decode the output of S
register in order to enablethe proper gate anddriver.

A section of the logic translator is shown in figure
138.

Transistor Ql is used as a switch to allow current
to flow from +20v through the primary of the gate or
driver transformer to ground. Resistors R4, R5, and
R6 form a current-limiting network for the circuit,
while R3 reduces the collector voltage to prevent the
transistor from burning out., Whenthe transistor first

conducts, C1 will bypass the current-limiting network
and allow a large initial flow of current. At this time
the current will be limited by the inductance of the
transformer,

The base circuitry, R1, R2, and CRS5, provides bias-~
ing for the transistor and level shifting for operating
from -1.1v and -5.8v logic levels. The diodes CR1,
CR2, and CR4 provide a means of translating S register

contents. The biasingis arranged such that if alogical
0 (-1.1v) appears at the cathodes of all the diodes, a
positive voltage is appliedto the base of Q1 andit con-
ducts. If the cathodes of any of the diodes have -5.8v
(1) on them, the transistor will remain cut off. The
arrangement of the diodes and the transistor is known

as a NOR circuit. Therefore, the inputs to the trans-
lator will be data.

+ 20V |
1 —
B . AN
|___~2 £:-—‘-!\\\\— /l
< > 1
L 1
—_— 18K _L 0 O-— — -t
e
c

Figure 138.

S REGISTER

The 6-bit double -ranked Sregister (Logic Diagrams,
page 1-95)is usedto hold the address tobe referenced.
The first rank (S1) will send its outputs to the readlogic
translators and to the second rank (S2). S2 will hold
the address for the write logic translators., The lower
three bits of S1 and S2 send their outputs to the logic
translators that enable the gateswhile the upper three

Q' WILL CONDUCT IF THE DIGIT TRANSLATED IS A
6 AND THE GATE INPUT IS AT A ZERO LEVEL.

Logic Translator (Section)

bits go to the driver translators.
The functionof S register inregardto individual in-
structions is explained later in this chapter.

SENSE AMPLIFIERS

The 24 sense amplifiers are type HA16 cards. A
detailed description of their function is found in the
Printed Circuits Manual, Publication #60042900.
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A logical representation of the sense amplifier is
shown in figure 139. The sense amplifier detects and
amplifies the 0.1v output from a switching core. A
strobe pulse (sense Z1) may be applied through anin-
verting circuit to the AND gate in order to gate the sense
amplifiers to the Z register. If pin4 is positive rela-
tive topin 5 whenthe strobe pulse is applied, the AND

:— - Eiff;;e;t-iar 1
Sense line 4 1 amplifier

{ Inverter

—_— 12
Sense to Z1 ""‘?"

Z1

Figure 139. Sense Amplifier

gate will be made. Making the AND gate will send a 1
to the corresponding flip-flop in Z1 register. If pin 4
is negative relative to pin 5, the AND gate will not be
made and the output of the sense amplifier willbe a 0.
The sense amplifiers are in Logic Diagrams, page
1-98.

DIGIT DRIVERS
The 24 digit drivers are type HAl4 cards. Adetailed
descriptionof their functionis found in Printed Circuits

Manual. A logical representationof the digit driver is

shown in figure 140.

If transistors A and D are switched on, current will
flow from pin 14 through the digit line to pin 13. If
transistors B and C are turned on, current will flow
from pin 13 through the digit line to pin 14. In this
manner the digit driver is able to provide abidirectional
output onthe digitline. Thedigit drivers are in Logic

Diagrams, page 1-98.

A c
NI
o
|
— WV I ——WN—
1 LINE /
1
14
—-— -
‘/ Figure 140. Digit Driver
8 D
Z REGISTER from driver to gate but in the opposite direction.

Z register is a 24-bit double-ranked register that
is used for moving data into or out of the Page Index
file. Pages 1-99 through 1-102 of Logic Diagrams
show the two ranks of Z register.

Z1 receives its inputs from:
1. The sense amplifiers (for reading data out of the
register file).
2. The data bus (for writing in new data).

OVERALL SELECTION

The lower three bits of S1 are sent to a logic trans-
lator whichin turn activates a gate. Onthe other side
of theword line a driver hasbeen activatedby a trans-
lator which receivedits input from the upper three bits
of 81. Read drive current flows from the driver to the
gate.

When the write portion of the cycle is started, the
lower three bits of S2 have enabled a gate the upper
three bits have enableda driver. Again current flows
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TIMING

Figure 141 shows the overall timing and current di-
rections for a memory cycle.

When read current is applied to the word line, the
sense amplifier will receive aninput as shown on figure
141. Note that the sense line voltage is the same mag-
nitude for a 1 as for a 0 but in the opposite direction.
At the conclusionof the read operationthe fields of the
cores at the selected address areinR direction (figure

129).

When write current is applied the digit drivers will
also be turned on. The direction of the digit current
will determine which core will be returned to the R
state (figure 129). When writing a 0, core B receives
inhibiting digit current and core A receives augmenting
digit current. When writing a 1, core B receives the
augmenting digit current and switches while core A
does not.

2 FROM DIGIT 1
FROM S FROM S
REGISTER DRIVERS REGISTER
(LOWER 3 BITS) (LOWER 3 BITS)

WRITE POWER POWER READ
BOARD INPUT INPUT BOARD
917 e 414 )

) PIO
] B
(GATES) (GATES)

\\ | /

S = e
M~ ] "] T~ "] _ o]
oy} g
:]\—- ]
= Pe Pl 1
WRITE —— READ
i — [ — _—

——1 — g —— —_—

- po— o N \

Py e —\\ . p— ]
=L e A
(DRIVERS) ( (DRIVERS)

Q DIODE
Pl PI2 MATRX
[o1s] [iie]
LOGIC
STACK TRANSLATORS
FROM s2 TO SENSE AMPS. FROM s
REGISTER REGISTER

(UPPER 3 BITS)

NOTE:

(UPPER 3 BITS)

I. J9—J12 ARE CDC 24549707
2. JI3—JI6 ARE CDC 24554802
3. JIT—JI8 ARE CDC 24554801

Figure 142. Page Index File Assembly and Designations
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THEORY OF OPERATION

All operations in the Multiprogramming module
are based on reading from or writing into the Page
Index File. Timingfor reador write page index file
is obtained from a tapped delay line. Timing is as
follows:
Storage Request--Set K000/001 (Start Delay Line)
Set K014/015 (Digit Dummy), Gate Address to S
T25 Set K010/011
Enable Read Drive

T50 Sense Amps to Z if Read
Data Bus lower 12 to Z if Write
Clr K000/001

T100 Clr 83

T125 s to 2
Clr K010/K011

T275 Storage S Bus Address to S°
Set K012/013

T375 Enable Digit Drive
Enable Write Drive

T500 Clr K012/013
Clr K014/015

T800 Clr K004/005

From this timing it is apparent that the only dif-
ference between a reador write operation is at T50.
Note that for a write only the lower 12 bits of the
data bus are sampled and this quantity will be gated
to Zg or Zo.

Reasons for accessing the 3311 are to set up the
Page Index File or to effect relocation. Let's first
examine setting up the Page Index File.

The 77.64 instruction writes the contents of A
lower 12 (hereafter written as Ay 19) into the page
index specified by the lower seven bits of the in-
struction. The 77.65 instruction reads the contents
of the page index specified by the lower seven bits
of the instruction and places that quantity into Ay 9.
Either of these instructions may be indexed by
B2 if bit 11 of the instruction word is set. If the
system is in the Non-Executive mode, these instruc-
tions become no-op's. If the system is in Program
State, attempting to execute these instructions will
generate an executive interrupt.

WRITE PAGE INDEX

Figure 149 shows the necessary data and control
signal transmissions for a write page index opera-
tion. For this operation the desired address is the
lower seven bits of the S bus; also, the 3311 has
access only to the lower 12 bits of the data bus.
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WRITE PAGE FILE

STORAGE REQUEST

3311 CPU

ADDRESS

DATA

S S Y

REPLY

g

Figure 149. Data and Control Signal Transmissions
for Write Page File

READ PAGE INDEX

Figure 150 shows the necessary data and control
signal transmissions for a read page index opera-
tion, For this operation the desired address is the
lower seven bits of the S Bus; also the 3311 has
access only to the lower 12 bits of the data bus.

< READ PAGE FILE

STORAGE REQUEST

3311 < ADDRESS CPU
DATA >
REPLY
L

Figure 150, Data and Control Signal Transmissions
for Read Page File

Figure 125 is a block diagram of the Page Index
File and its control logic. Note that for a read or
write page file operation, bits 01-06 of the S bus
are gated to sl to select a word line. Bit 00 deter-
mines whichregister (Z, or Z,) is tobe referenced.

Figure 151 shows the address flow if the system
is operating in Executive mode. The upper seven
bits of the CPU S bus determine which Page Index
is referenced. Figure 125 shows that bits 12-17
are gated to sl to select a word line while bit 11
determines whether Ze or Z, is sampled. In the
lower left corner of figure 151 is the Illegal Write
Detector. This detector senses for an illegal stor-
age reference during read or write. If the 3311 is
being referenced for relocation or to read a page
index, a 24-bit word is read and gated into Z; how-
ever, only Zg or Z, will be sampled.
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& cPU
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Vantam)
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MODULE 8K
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S BUS
STORAGE
REQUEST
RIGHT OR LEFT

Figure 151. Address Flow for Executive Mode
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ILLEGAL STORAGE REFERENCE DETECTION

The 3311 senses illegal storage references when:

1. E =1, all other bits of the page index equal
zeros, and the system is in Program State
(see figure 152).

2. E =1, awrite is specified, and the system

is in Program State (see figure 153).

The CPU address specifies a reference out-
side the limits set by PL (see figure 154).
When the CPU S bus bits 09 and 10 are equal
to or greater than PL, an illegal reference
occurs (except when PL = DO),

R611--CPU ADDR. Bit 11

y

J450

™

K006 EXEC. and Reply Sent to CPU

—®1 T009

Illegal Write

J325 Monitor and I/0 Cycle

l

J420

 I—

T009

Illegal Write

K006 EXEC. and Reply Sent to CPU

J430

>

1

T019

Illegal Write

J225 Monitor and 1/0 Cycle

Monitor R325
Z000
7010 ——O0—¥ J451
Z020
7030
PL
. 7040
—O0—W J452 ——P
PA Z050
2060
Z070
PP
all 0's 7080
—O0—P
7,090 J453
Z100
Z111
K016
Figure 152. "Z Even" Illegal Write Test
Write R008 0 » J421
E=1
J422
CPU ADDR. Bit 11 R611 ———T
CPU ADDR. Bit 11 R661 ——l
J432
|
Write R008 1
—_—O—P
E=1 7231 J43

Figure 153. E Bit Illegal Write Test
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CPU ADDR. Bit 10 RS560
J421

PL=01 Z091 ———O—WP
Z100

CPU ADDR. Bit 10 R659
PL=01 Z091
7100

CPU ADDR. Bit 10 R660

J325 Monitor and I/0O Cycle

v

J4290

TC0O

J422

PL=10 Z093 —O0—P
Z101

CPU ADDR. Bit9 RE59
CPU ADDR. Bit 10 R66¢
PL=11 Z091

Z101

Hlegal Write

K006 EXEC. and Reply Sent to CPU

R¢11 CPU ADDR. Bit 11

Figure 154. Z Even Page Length Test

READ PAGE INDEX 0

Whenever page index 0 is referenced, PA and
PP must be read as zeros. This is to insure that
the Executive Auto Load/Auto Dump operations and
all interrupt sequences reference page 0. Anything
may be written into page index 0 but the logic in

[ R650
oPU |
S Bus
lower 7 { Reé53 -J303
o —0 | Re54
R655 R005
| R656  Read PF
Figure 155.

PARTIAL PAGE ADDER

The Partial Page Adder performs twos-comple-
ment addition of PP and bits 09 and 10 of the CPU
bus. In twos-complement additive arithmetic end
around carries are not sensed. Figure 156 is an
addition chart for the Partial Page Adder.

PP bits of the page index define the top of the

figure 155 insures that PA and PP are read as zeros
by blocking transfers from the sense amplifiers into
bits 12-20 of Z. Note that J300 goes to 1 if page
index 0 is referenced for relocation, whereas J303
goesto a 1 if page index 0 is referenced for a 77.65
instruction or for sweep page file.

-

R661

R662
A

R664
upper 7 Rees 3300
0 ---0 | Ress J0o3

\

Page Index Zero Test

page; bits 09 and 10 of the CPU S bus specify which
quarter is to be referencedrelative to the top of the
page. The Partial Page Adder consists of six in-
verters which drive Storage S bus T cards, bits 09
and 10. When examining the Partial Page Adder
remember that address is placed on the S bus.

PP
(PAGE START ADDRESS)

00 01 10 11
00 00 01 10 11
01 01 10 11 00
Bits 9 & 10 of Resultant quarter
incoming address 10 10 11 00 01  page that will
from Main Control be referenced
11 11 00 01 10
Figure 156. Partial Page Adder Addition Chart

145



STORAGE REQUEST

The 3311 serves as a relay station for the Stor-
age Request signal. If the system is operating in
Non-Executive mode, the 3311 receives a Storage
Request from the CPU and retransmits the request
directly to low core. If the system is operating in
Executive mode, the 3311 inspects the highest-order
bit of PA andsends a Storage Request signal to: low
core if the bit is a 0, to high core if the bit is a 1.

SPECIAL CYCLE

Special cycle occurs during each write to an
even-numbered page index. Bit 24 of the preceeding
24-bit index is set on the special cycle if the even
PIF location is being loaded with 4000.

When writing 4000 in P+2, special cycle causes
P+2 to become decremented by 2 while bit 24 be-
comes a 1 in that location, If one operand of a
double-precision instruction is in the page designated
by P+1 and the other operand is located in the page
designated by P+2, anIllegal Write condition occurs

24 EVEN ODD

P+2 = 4000 P+3

1 P P+l
Figure 157. Special Cycle Bit 24 Test

during the first ROP or STO sequence of the double-
precision instruction.

This special look-ahead bit becomes the 25th bit
at each location.

NO CHANGE

Because instructions use sequential addresses,.
the upper address bits (09-17) may not change for
as many as 1000g sequential references. If CPU S
bus bits 09-17 remain the same, then relocation
need not be performed each time, resulting in a
time savings.

To accomplish this, two registers (86 and S7) are
used to hold relocated addresses. S6 contains the
last relocated address from an RNI or RADR se-
quence; S7 contains the last relocated address from
an ROP or STO sequence. Two registers are needed
because operands are usually separated from in-
structions when stored in memory. S4 contains the
upper nine CPU S buxbits from the last RNI or RADR
sequence. S5 contains the upper nine CPU S bus
bits from the last ROP or STO sequence. S4 or S5
are compared with the incoming S bus bits to detect
either a change or a no-change condition. If no
change is detected, the contents of S6 or S7 are
gated to the Storage S bus.

Use of the no~change function is inhibited for one
reference of each sequence type--RNI/RADR or
ROP/STO--following a read or write to the Page
Index File.

SELF-EVALUATION QUIZ ON CHAPTER 5

FILL IN THE BLANKS AND TRUE OR FALSE (T or F)
1. The 3311 increases the maximum storage ca-
pacity of the 3300 from 131K to 262K.

~ 2. Page index 000 may not be written into,

3. The 3311 detects an illegal write if the system
is in Executive mode.
4. The 3311 is chassis _

" 5. The 3311 connects to the CPU viaflex jumpers.

6. The 3311 relays the Storage Request signal to
high ind low core.
7. The 3311 is referenced during each storage
reference if the system is in Executive mode.
- 8. The Page Index File segments storage into 2K
pages.
The Page Index File is a word-organized stor-
age unit.

A0. An advantage of all word-organized storage
rd

units is that the same number of cores switch
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B 1N

s

F11.

f 14.
F 15,
o1 16.

~17. Two read/write cycles occur each time the; ‘”

1 19.

«

for every storage reference.
There are 24 cores on each word line.

12. There are é 4} cores on each digit drive
line. |/

The Page Index File stack consists of a cubic
matrix containing ¢ x 27 x 2 bits,

A current of 2I is necessary to switch a core.
Odd parity is used in the 3311.

Each word line passes through a given core
twice.

Page Index File is referenced. :
18. The3311samples |4}, bits of the data bus,
If an Illegal Write is sensed by the 3311, the
Write signal is converted to a Read signal.

20. The address of the page index to be referenced
is obtained from the lower seven bits of the S
bus for either read or write page file.



CHAPTER 6

LOGIC TIMING AND KEYBOARD ENTRY

COMPUTER TIMING

All computer operations must be timed and signals
must occur inthe proper sequence, Timingis provided
by the clock and-clock pyramid and by the resynchroniz-
ing circuits which are timed by the clock.

MASTER CLOCK AND CLOCK PYRAMID

The master clock operates continuously when power
is applied to the computer; it providesthe timing pulses
used throughout the computer. Timingof all signals is
determined directly or indirectly by this clock.

The clock system consists of a master oscillator
feeding four ranks of clock amplifiersin anosecillator-
amplifier pyramid. The oscillator and amplifiers
are contained on the type CO0l card. The pyramid
connection and circuit operation are discussed in the
Printed Circuits Manual, publication no. 60042900.

The oscillator operates at 8 megacycles and provides
four sine wave outputs., Two of these are 180 degrees
out of phase withthe remaining two. One setof outputs
is designated even raw clock, the other set is odd raw
clock. Theraw clock outputs used for timing logic are
available only from the clock amplifiers in the fourth
rank of the pyramid.

Clock signals are placed on one-way AND gates as
well as multiple input AND gates to time the output of
control delays and single inverters. These are always
designated as HXXX, VXXX, or NXXX terms. When
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the raw clock signal goes to a 0 (-3v to +lv), the in-
verter outputs a logical 1 for 62,5 nsec. Theinverter
circuits clip the raw clock signal to convert the sine
wave to a rectangular wave. All odd numbered NXXX
and VXXX terms have an odd raw clock input., The
logical 1 from these terms occurs at odd time. Like-
wise, even numbered NXXX and VXXX terms are fed
by even raw clock and output a logical 1 at even time.

The master clock and pyramid must be tuned to a
frequency of 8 megacycles. Procedure for tuning the
clock pyramid is presentedinPrinted Circuits Manual.

Ranks 1, 2, 3, and 4 are ranks of amplifiers. In
terms of hardware, the circuits are the same for both
the amplifiers and the master oscillator. The master
oscillator drives two amplifiers and each amplifier may
drive four more amplifiers.

RESYNCHRONIZING

External equipment and switches provide signals
which are asynchronous to the timing of the computer
and must be resynchronized. This involves insuring
that only one synchronized pulse results from anasyn-
chronous signal, regardless of the duration of such a
signal. In addition, resynchronization prevents the
possibility of marginal timing due to the occurrence
of runt pulses.

Resync Counter

The resync counter is composed of a free-running
chainof four control delays. This chainbegins counting
whenthe first odd clock pulse is produced by the clock
pyramid. A 62.5 nsec pulse is producedby one of the
control delays each phase time (figure 158). Each

control delay produces a pulse every quarter micro-
second,

RESYNC

) —-[lu_ 034 | HOTS Qss
YOTi voT2 voT3

vor3 vore

K090 —»f NOT2

Figure 158, Resync ross

The first control delay of the timing chain has a three-
way ANDed input.
1. NO053: Odd clock slave outputs a logical one 62.5
nsec every odd phase time.
2. HO71 and H072: These are outputs from the A side
of the HO7X term. Their output will go to
0 for 2 Ptimes after the HO7X term receives
an input. This is true of all control delays,

NO53
HO7I HO70
HO72
V070
Figure 159. Resync Input vo74
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The resync pulses synchronize signals by condition-
ing AND gates throughout the computer. An asynchro-
nous signal is sampled to form a synchronous (62.5
nsec) 1 when a resync pulse completes the AND gate.
A synchronous pulse is not producedwhen a runt pulse
is sampled, for this type of signal does not have suffi-
cient amplitude to definitely indicate 1or 0. The resync
pulse occurs againin0.25 usec. If the inputhas settled
to a steady 1 by this time, a synchronous pulse is pro-

duced.
‘TBITO TI T2‘T3|TO Tl

|

INPUT TO
HO70

HO70

vo7o

HO7I

vozl

HO72 [

-

HOT3 —

vo73 ——. .
- = LOGICAL ONE

Figure 160. Resync Timing

vo72

Start

" TheRNI sequence provides for most manual and pro-
gram starts and stops. The computer may be started
by pressing GO switch if normal program operationis
desired, or by pressing SW/EN CONT switch if a sweep
or enter operationis tobe performed. These switches
are mutually exclusive although they both set Initiate
Go FF (K304/305). The output of Initiate Gois timed
with a resync pulse to set the Go sync FF., The output
of this FF then sets Go (K090/091) and the output of Go
allows a start pulse to begin an RNI to read the first
instruction of a program. (The logic discussed above
is found in Logic Diagrams, page 2-15).

The computer may alse be started from halt hy
pressing CYCLE STEP, INSTRUCTIONSTEP, or AUTO
STEP switches on the console. Operation of the com-
puter in these modes is discussed elsewhere in this
manual,



J2
J302 SW + EN

D9
SW/EN CONT — M302

INITIATE
60 voT

A6
&> —{we}—o

as SW ¥ EN u328
60 —> M304 K305

swren cont _§

J362 SWHEN

K304

Operator pushes GO, set K304/305.
V071 (t1): Set K078/079 (go sync).

(t2)

(t3)

V070 (t0):

(t1)

NO072 (t2):

Set K090/091 (go).

Outputs a logical 1. This isthe startpulse
for the processor.

V073 (t3): Set K092/093 (go lockout).

Vo7l ——-—>l HO72 > HO73

60 SYNC
Ko78

cio

Ko79

)|

Pa3e

INSTR_STEP K070
ZYCLE STEP Ko72

50
VO73 Lockout

K092

K093

vorz

Figure 161,

Go Logic

vo72 NO072 will have only a 1 out at t2 after setting of
_ VO76 K090/091 and before setting K092/093.
GO KOOSO  —™|NO72
K093 GO LOCKOUT Figure 162. Time 2 of Resync Timing
TEST MODE

Test mode is available with the 3300 Computer for
the convenience of maintenance personnel; it per-
forms athree-step operation consisting of Stop, Mas-
ter Clear, and Go.

The repetition rate of this three-step operation
may be switch-selected at a 1 msec. rate or at an
auto-step rate. TEST MODE switches are at loca-
tion 1723 in the main frame. The C section of the
switch card controls the repetition rate; the D sec-
tion enables Test mode.

Stop —% MC —» Go—l

|—>

(<
)7

Turn on Test Mode
M338 and M339 = 1. Clear Go Initiate FF (K304/305)
and Stop FF (K306/307).

®»Real Time clock (J793 = 1) or Auto Step (Y859 = 1)
Set K386/387
M329 =1, Set Stop FF (K306/307).
M339 = 0. Remove clear from Stop FF.
*[» after 2 msec duration:

M337 =0, M309 =1 (Master Clear)

l_AEer 5 msec duration:
Set K388/389

L. M328 = 1. Set FoInitiate FF (K304/305).
M339 =1. Clear Stop FF (K306/307).
M338 = 0. Remove clear input from Go

Initiate FF (K304/305).
M329 = 0. Remove output of M309 from

input to J280, dropping Mas-
ter Clear.

Next V071, Set Go Sync FF (K078/079).

Next V070, Set Go FF (K090/091).

Go condition for time deter-
mined by Real Time Clock or
after 5 msec duration:

Clear K386/387, K388/389

Continue in

M328 = 0. Remove set input to Go Ini-
tiate FF (K304/305).
M338 =1, Clear Go Initiate FF (K304/

30?).
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STATIC CONTROLS

The static controls are used to enter data from the (2) transfer of this data to the various registers.
keyboard. These include the keyboard entry controls

and the breakpoint controls. COMMUNICATIONS REGISTER CONTROLS
Entry of data from the keyboardto Cregisteris con-
KEYBOARD ENTRY CONTROLS trolled by C register controls which include the digit

The keyboard entry controls are used to control (1) counter, the sequence counter, the digit sequence
entry of data into C register from the keyboard, and chain, and various timing networks.

J943

4313 M314-12 BIT
w30 15 81T
DIGIT COUNTER
b K320 0 K322 K324 ——OQ—>f k326 |————O—> K320 ———Q— x330
N3OS N30 N308 N3O N308 N3I0
J3ie —6—- K321 X323 ———6—- K328 ———4—- K327 -——6——‘- X329 ——_'d_’ K331

Figure 163. Digit Counter

The digit counter is a chain of six flip-flops which  inputs are satisfied. This allows a corresponding ]340
controls the entry of successive digits into C. The to J347 term to output a 1 to turn on the proper light
counter operates by moving a combination of setting driver card to light the blue background indicator in the
and clearing inputs down the chain. desk console display. This background indicator shows

The various combinations are translated by the J320  the digit position to be filled next.
to J327 translators., A translator outputs a 0 when its

DIGIT o

(
k23t —0+[sse0}———{sss0}—0{1e%0] o Kz
K331
1320 oo} o]
s 2
x32%
2 :
Inputs { x323 o . Additional digit counter
K325
from the «336 translators
digit counter
g e 132 —o-{usz] _ofte] »
L850 to L857 are the
Kiep —O-1uze [334¢] ¢ light drivers for the
field digits of C register.
K336 -
. / [_‘;" ] u::rcL:AT?:ILGHTs
Digit counter translators <
J320-]327

Figure 164. C Register Enables
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The flip-flop combinations necessary to select each
digit position are shown below.

Table 13. DIGIT POSITION SELECTION

Digit Position Flip-flops in Set State

7 (First to be filled for
a 24-bit entry)

All flip-flops clear

6 First flip-flop in the
chain, K320/321
5 First and second

4 (First to be filled for
a 15-bit entry)

3 (First to be filled for
a 12-bit entry)

Second and third

Third and fourth

2 Fourth and fifth
1 Fifth and sixth
0 Sixth

Depending on the state of the digit counter, one of
the J32X (digit counter translators) termsbprndnces a

J368 READ STO

H301
H303 N301 gates digit key
1320 | N301 to digit O position of the
J321 | N303 C register.
From digit | 7322 [ N305
counter < J323 [ N307
translators | J324 | N309
J325 | N3i1
J326 | N313 N315 gates digit key
J327 [N315 to digit 7 position of the
C register.
Figure 165. C Register Digit Enables

logical 0. This outputis usedto permit gating the digit
from the pressed digit key into C register.

Removing the blocking input to the N3XX gate which
thencomes up and gates the digit positionin C register.

The digit sequenceis a chain of three flip-flops and
a control delay.

The control delay, H301, H303 is drawn complete in
figure 166.

2TO5A TAST DIGIT K336
=W DIGIT SEQUENCE
2A2 KBYD ACTIVE J314 DIGIT KEY voro e SELECTED
Ei-E7  2704A DEPRESSED K312 K309

—i lvss4 O lmaoo K300 K308 K312 H301

E10 (1) 30.0m. SEC. VvO7! vo73 H303

DIGIT —) =HM301 IL T—. K301 ’_$_, K309 r<'>__. K313 ‘—]
Figure 166, Digit Sequence vor4 K313 J3(I)9 k300

Whena digitkey is pressed, K300/301 (digit key de-
pressed FF) is set. The signal is advanced down the
chain to pulse H301 which then clocks out a pulse to set
the selected digit in the digit position indicated by the
digit counter and as translated by the digit counter
translators.

The sequence counter is a pair of flip-flops which
indicate whether an odd or even number of digits has
beenenteredinto C, Whenthe digit key is pressed, the
first flip-flop is set or cleared depending on the state
of the second flip-flop. After the first flip-flop has
stabilized, its state is copied by the second flip - flop.
Both flip-flops are set to indicate an odd number of
digits entered.

N308 and N310 translate the state of the sequence
counter FFS, After each digit is entered in C, apulse
is clocked from one or the other of these inverters to
advance the digit counter.

When the last digit has been loaded into C the last

digit FF is set. This prevents the end-around entry of
C by breaking the input to the digit key pressed FF. The
set output of last digit is gated to control delay H305
which clears the digit counter. Last digit is cleared
Selection of a 15-bit register may be overridden by
selection of a 24-bit register. K354/355 is set when
a 15-bit register is selected. If a 24-bit register se-
lection is then made before C has been fully loaded,
K356/357 sets to complete an AND gate to H305. H305
then clears the keyboard controls. Clearing of key-
board controls will reset the digit counter, This will
reset the digit designator field light.
whenthe contents of C are transferred to the selected
register. It is also cleared by a keyboard clear or a
master clear. When last digit flip-flop has set, the
pressing of any digit key or keys will not affect the
contents of C register and all digit designator field
lights will be out.
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Kzz O

SEQUENCE COUNTER !
K334 ?O—- H308
K332 K334 ! y
K309 >< K333 —o
K333 K335
¥ K335 O
N33 vO76 [
K300
K333 ’/O—W
K335 1 ﬂ— N310
j I
K332 ‘?O—
K334 O
J2
Figure 167. Sequence Counter 15 BIT —-)B ’)——> M310
J354 J294
Figllre 168- N301 . - OVERWIDE 15 BIT T“L:C'I: " " Figure 169.
Last Digit % Jos: wrr o o — 12 or 15 Bit
LOgiC KYBD CLR + MC J309 g,:,;-; gi:f;: 2 T e Override Logic

v3i7
J365 WRITE STO

Register Selection

Data may be entered from the keyboard into P, Bl,
B2, B3, A, and Q registers via the communications
register.

A register is selected by pressing one of the reg-
ister switches on the keyboard. Selecting a register
enables the keyboard active signals, the digit indicators
(blue background lights), and the console display of C
register.

In this example manual
entry is being made
into A register.

Figure 170. Manual
Entry into "A"
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vo7e

Selecting A register
enabled the indicator
for digit 7 of C register.

Figure 171. C Register
Display for Digit 7

Except for P register, a register may be selected
only when the machine is stopped. P register may be
selected when the machine is running or stopped and
will be displayedin both cases. When the computer is
running and P has not been selected, all keyboard
switches but STOP, READ STO, WRITE STO, and KYBD
CLEAR are disabled.

Consider manual entry into A register as anexample
of registerentry. Thiswillbe a24-bitentry, as Ais a
24-bitregister. (Bl, B2, B3 and P are 15-bitentries.)

Entry into A register will be discussedin two parts.
1. Digits from digit keys to C register
2. Transfer of Cregister to selected register {Aregis

ter in exampie)



Entry of Data into C

Entry of data into C is performed using keyboard
switches and C register controls.

Manual entry timing is as follows:

1. Computer must be stopped in order to perform
manual register entry.

2. Press the keyboard clear switch to clear K366/
337 (last digit FF), the digit counter FFs, K332/
333 (sequence counter 1 FF), and C register.
Note: N310 =1.

Figure 172. Keyboard

K334

A keyboard clear is performed to initialize theC
register controls.

The A, Q, Ey, or Ej, register (24-bit registers)
switch on the console keyboard is pressed to select
the register and activate the keyboard.

The A register is selected for the example.

Since a 24-bit register has been selected, all digit
counter FFs are in the clear state, The digit counter
translationdrops J327 to a 0, allowing 347 to output a
1 to the L857 light driver. This light driver lights the
blue background light in digit position seven of the C
register console display.

Selecting a register causes a keyboard active in-
dication. This is required for the following timing

to take place.
Note that selecting a register will not cause a key-

board active conditionif the computeris running. The
AND gate into J313 willbe broken as J090 = 0 when the
computer is running.

READ STO J368

SWEEP J398

2RTTE

ENABLE DIGIT
DESIGNATOR LIGHTS
2T02A

242
oi

___%>_

02

_>>— KYBD ACTIVE

5 BT Jise

Sw K353
Q

1899
REG SELECTED 4331

84 iTesp L1l 1TesA 2s90¢ 2RT8C K2
Z-BIT ——9 T [[ws23) 5334 K333 0~ 2R62C
271288 25904 5 BIT J294 1227
I5-BIT M310 -
o7 17684 28900 2R 780 x333 i 12-B1T usu
+ >_,- 2R3 (13 J369
> ] Teve a3 | o — 2%
%0 4082 O
8E 1TE5F X332 —7—-—‘ Zc‘zZ 1 T66F 2T63B
35— S —4—L
' K334 — . m
242 T66¢ 2R82A 2ZRE3A 2T86D
- IT6SE [ '
5 5 BT — Im 25888 2R44C at+o+E+P+8D
o8 17668 :;:; :ééﬂ + WRITE STO
T —>—{en]
Figure 173. Register Selection Logic

The following timing chart shows the entry of a single
digit into C. Format will be that of the command
timing charts. This will aid in understanding the

commanding timing charts for the instruction set of
3300 Computer. (Refer to 3300 CE Diagrams, page
2-21.)

TIMING FOR 24-BIT ENTRY

TIME TERM COMMAND CONDITION REMARKS
Async* Start One of the digit keys (0-7) is pressed.
Y850 Provides 30 ms delay.
V076 (t2) K330/301 [Set digit key (Sweep) (Last Digit)
|pressed FF
(t3)
(t0)
VO071(t1) K308/309 |Set digit sequence 1 When K309 = 1, set K332/333 (first FF of the
sequence counter).
(t2) N308 = 0, N310 = 0; disables advance of digit
counter.
V073(t3) | K312/313 |Set digit sequence 2
V070(t0) H301 Set selected digit
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TIMING FOR 24-BIT ENTRY (Cont)

TIME TERM COMMAND CONDITION REMARKS
VO071(t1) K308/309 Locks out double pulses. N315outputsa 1 at
(0dd time) odd time to set the selected digit in position|
7, (flip-flops C930/931, C920/921, and C910/
911, or digit 5, 3, or 1 if not first pass).
Async Operator releases digit switch.
VO074(t0) | K300/301 | Clear digit key
(t1) pressed FF
V076 (t2) K334/335 | Set second FF of When this flip-flop sets, the translation of the
sequence counter sequence counter is such that N308 outputs a
1. All digit counter FFs are clear so J315
and J317 also = 1. These terms are ANDed
to set K320/321, the first flip-flop of the digit
counter.
Digit counter translation drops J326 to a 0,
allowing J346 to output a 1 to the L1856 light
driver. This moves the indicator from digit
seven position to the digit six position (or 5
to 4 or 3 to 2 or 1 to 0).
VO73(t3) K312/313 | Clear K312/313
Next digit may now be entered.
Async One of the digit switches (1-7) is pressed.
Y850 Provides 30 ms delay.
VO076(t2) |K300/301 | Set digit key
(t3) press FF (Sweep) (Last digit)
(t0)
V071(tl) |K308/309 | Set digit sequence 1 WhenK309 = 1, clear K332/333 (first flip-flop
(t2) of the sequence counter); N308 = 0, N310 = 0.
VOT73(t3) K312/313 | Set digit sequence 2
VO070(t0) H301 Set selected digit
VO71(tl) K308/309 | Clear digit sequence 1 Locks out double pulses. N313 (for digit 6)
outputs a 1 at odd time to set the selected
digit in position 6 or position 4, 2, or 0 if
not first pass.
When the last digit is entered (digit 0) K336/
337 (last digit FF) is set. This prevents the
end-around entry into C register.
Async Operator releases digit key.
V074(t0) |K300/301 | Clear digit key
(t1) pressed FF
V076 (t2) K334/335 | Clear second flip- When this flip-flop clears, translation of the
flop of sequence sequence counter is such that N310 outputs a
counter 1. Advnace digit counter.
V073(t3) |K312/313 | Clear digitsequence 2

154

Return to * for next odd digit if K336/337 is
clear.




TIMING FOR 24-BIT ENTRY (Cont)

TIME TERM COMMAND CONDITION REMARKS
V070(t0) H305 Clear C register Input occurs if K336/337 (last digit) is set.
The indicator in C register will have moved
right one digit position and disappear after
entering digit 0 position.
N331 Clears digit counter
and sequence counter

Atthis time C register will holdthe data to be placed
in A register. If the operator made an error, KYBD
CLEAR will clear C register and controls. The logic
will be initialized to the same state aswhen A register
was first selected.

If the data in C register is correct, the next opera-

tion required is transferring (C) to the selected reg-
ister (A in this case). Figure 174 is the waveform
timing for 24-bit entry. This could be the first part
of manually enter A or Q. This will be the same also
for enter or write storage which will be discussed later.

Digit Digit Digit Digit Digit Digit Digit Digit
ggaR sl 765 3 2 1 0
P R|P R{P R|P R|P R|P R|P R|P R
K320/321 A h
K322/323 AU,
K324/325 Vi Digit counter
K326/327 (A4
K328/329 AU Y
K330/331 YA
K332,333 vy R, 77 774 |Stquence counter
K334/335 ZZA_| VA | A0 | 400 |
K336/337 77777 Last digit tlip-flop
N308 7 % V7, 7 Slquence counter translators
o G\ 7 | | )
1315 U U 2 2 V2
J316 Poaz 2270000770 007707777 /74| Additional digit counter
17 I T translators

P = digit key pressed
R = digit key released

_%iﬂip-ﬂop set or a term's output is 1.

Figure 174. Waveform Timing for 24-bit Entry
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Entry of a 15-bit quantity into Cis similar to 24-bit
entry. The major difference is that the digit counter
is set to enter the first digit in digit position 4. This
is done by setting K322/323 and K324/325 when a 15- 3.

bit register is selected.

1. The computer mustbe stopped in order to perform
manual entry into the registers.
2. Press KYBD CLEAR switch to clear K336/337

(last digit), the digit counter FFs, K332/333 (se-
quence counter 1), and C register. Note that
N310 =1.

Select P, Bl, B2, or B3 at the keyboard. Clear
K334/335 (sequence counter 2) at 12. Set K332/
323 (digit counter FF); N308 =1. Set K324/325
(digit counter FF) and set K354/355 (15-bit selec-
tion record).

TIMING FOR 15-BIT ENTRY INTO B1, B2, B3, or P*
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TIME TERM COMMAND CONDITION REMARKS
**Async One of the digit keys (0-7) is pressed.
Y850 Provides 30 ms delay.
VO76(t2) K300/301 | Set digit key (Sweep) (Last digit)
press FF
(t3)
(t0)
VOT1(tl) K308/309 | Set digit When K309 =1, set K332/333 (first flip-flop
sequence 1 of the sequence counter).
(t2) N308 = 0, N310 = 0, disables advance of digit
. counter.
V073 (t3) K312/313 | Set digit
sequence 2
V070(t0) H301 Set selected digit
VO71(t1) K308/309 | Clear K308/309 Locks out double pulses. N30X term gates
M33X terms to digit position 4, 2, or 0 in C
register.
Set K336/337 (last digit) if entering digit 0.
Async Operator releases digit key.
V074(t0) | K300/301 | Clear digit key
pressed
(t1)
V076 (t2) K334/335 | Set second flip- N310 = 1, advance digit counter
flop of sequence
counter
VO073(t3) | K312/313 | Clear digit se-
quence 2
The next digit may now be entered if K336/
337 (last digit) not set.
V070 (t0) H305 Clear C regis- Input occurs if K336/337 (last digit) set.
ter control
V305 Clear digit counter and sequence counter.
Async Operator presses digit key.
Y850 Provides 30 ms delay.
V076(t2) | K300/301 | Set digit key (Sweep) (Last digit)
Press FF
(t3)
(t0)
vo71¢t1) | K308/309 ! Set digit se- When K200 =1 clear KR322/333 (first flip-
quence 1 flop of the sequence counter).
(t2) N308 =0, N310 = 0.
V073(t3) | K312/313 | Set digit se-
quence 2
V070 (t0) H301 Set selected digit




TIMING FOR 15-BIT ENTRY INTO B1, B2, B3, or P* (Cont)

TIME TERM COMMAND CONDITION REMARKS
Vo71(tl) | K308/309 | Clear digit se-
quence 1 Locks out double pulses. N30X term gates
M33X terms to digit position3 or 1 in C reg-
ister.
Async Operator releases digit key.
V074(t0) | K300/301 | Clear digit
key pressed
(t1)
V076 (t2) K334/335 | Clear second flip- When this flip-flop clears, the translation of

flop of sequence
counter

the sequence counter is suchthat N308 outputs
a 1 advance digit counter.

The indicator inthe C register will have moved
right one digit position.

Return to ** for next digit.
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MANUAL ENTRY TIMING Worksheet: 15-Bit Register

In the following chart indicate state of flip-flops and output of the terms listed as five digit keys are pressed
sequentially.

Digit 4 Digit 3 Digit 2 Digit 1 Digit 0
MC SelP | P R P R P R P R P R

K320/321

K322/323

K324/325

K326/327

K330/331

K332/333

K334/335

K336/337

N308

N310

J315

J316

7317

P = Digit key pressed R = Digit key released _m_ = flip-flop set or a term's output is 1.

Figure 175, Waveform Timing for 15-bit Entry
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Transfer Sequence

After datahas been entered into C, itmustbetrans-
ferred to the selected register, Pressing TRANSFER

2a2-ca 27182

TRARS ——)

J368
M358

e SW +EN J302
4304 READ STO oyT0 STEP KOT7
X076 AUTO STEP

4314 KYBD ACTIVE

Y859 x303

J368 READ ST

0
Y838 AUTO STEP OSCILLATOR

Figure 176.

For transfer to A or Q; press TRANSFER to set

transfer FF.

The signal then passes down the chain

of flip-flops to set keyboard bus priority.

V071 (t1):

Set K302/303 (transfer) .

(t2)
(t3)
V074 (t0): Set K310/311 (transfer lockout).
(c1)
V076 (t2): Set K358/359 (wait priority).
V073 (t3): Set K314/315 (enable C register).

TRANSFER

k302
. |2r2e |

Transfer Logic

The processor must be stopped for manual entry
into a register. Maincontrolwill not be using the bus
system at the time but the block control could be using
it. An input or output operation could be taking place
even with the processor stopped. Since DB register
will be used during the transfer sequence, it will be
necessary to request the bus system and wait until
priority is granted.

Priority granted is indicated by setting of K342/343
(keyboard bus priority).

(t0)
V075 (¢1) If K210/211 (block control bus priority)is
set, test again at resync tl. If K210/211
is clear, set K342/343 (keyboard bus pri-
ority) and continue. When K342/343 is
set, gate (C)to the C7X2inverters. Force

the EXX2 inverters to 1's,

2356 MOVE CYC.E

SW o+ EN 307 [

BLOCK CON™ PRIGRITY K211-
x3%g

READ + WR'TE STO J369

J332 is the setting input
that will be used.

NOSI
4330
X210
K341
73356

Figure 177. Keyboard Bus Priority

initiates the transfer sequence. This sequence is per-
formed using the manual timing chain and the keyboard

controls (Logic Diagrams, page 2-19).

ENABLE C TO
SELECTED REG

K34
vors |2mosco b—l
k302 —O—> K313

TRANSFER
L0CKOUT

wALT
PRIORITY

K358

voT6
K311

2R22

4308 ——» K339

vOT4
J308

J332 = (go)(SWH+EN)(block control priority)(wait prior-
ity)(read + write storage).

The flow for manual entry to A register is: Digit
keys to C to C7X2 to DBR to I4to X to adder to 10 t0A
register, Trace this path on the block diagram.

Setting of K342/343 (keyboard bus priority) drives

€002 —70———1
air o fusso] c700
‘ml — C701 cT02
eorz —
1
ot [ /o——- cr10
[rec] b c711 0O
022 —
1
o 2 flussz [ cr20
g —» 721 73—-@
g
J3m0
jo 1]
sus—>C
Hiis
1975

CLrR C
o

4360

JOSO AUTO LOAD +
AUTO DUMP

w7
%10

-4l OR FILE 3304

RED STO-NE0 AcTive J3o7
D BUS PRIORITY K

we W KIS

T657 STORE INTERRUPT
TRANSLATION

Figure 178. C Register Enables

J348 to a logical 0. ]J350 will output a logical 1 ena-
bling the clear side of C register (C) to the C7X2 in-
verter rank.

The J350 term's output of alogical 1 willdisable the
inputs to the EXX2 inverter rank, the output of which
will be logical 1's. N440 will be one of the gating terms
which gate C7X2 inverters to DB register.
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Figure 179. DBR Enables

VO73

MANUAL TIMING CHAIN

J36!1 - READ + WRITE STO

J332
J308

i

Select A ~Er——o———we

Select Q =}

(t2)
V073 (t3):
V310:

ENTER A/

v3io
4396

ses o—s usa]

ENTER Q!
(ENTER G
| K386

K367

V3o
KYBD ACTIVE J308

Ne3
e Jses

Figure 180. AQ Entry Logic

Input to H310.

Clear K310/311 (transfer lockout) and
K358/359 (wait priority); set K568/569 (en-
ter A)or K566/567 (enter Q) and K570/571
(F1 to F2).

Setting of enter A FF or enter Q FF will force a 20
or 21 into arithmetic register F2. The arithmetic sec-
tion will simulate a load A or load Q instruction.

CLR.C AND
START ARITH CONTROLS

H310 H3I1I H312 H313
v3io V3l v3i2 V313

J33]

Figure 181. Manual Timing Chain

V311
V312

V313:
V3i4:
Vi2eé:
V315:
V316:
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Input H400, Input H126.

Input H401 (clear DBR)

Set K104/105 (start arith 2)

Clear DBR, Input H440.

EXX2 - C7X2 in DBR. The arithmetic section
will execute aload A or load Qsequence, DBR
to X to A or DBR to X to Q. (Arithmetic tim~
ing is discussed in chapter 12.)

H3I5 B H316 H317
V35 v3ie V37

V317:

Async:

V071 (t1):

(t2)
V073 (t3):

E_.2->DBR
CLR. DBR RIGHT SHIFT 3
H401 < H440
V40! N440
J331
J361

Clear K342/343 (keyboard bus priority),
clear C register and its associated con-
trols, and clear K336/337 (last digit).
Operator releases TRANSFER,

Clear K302/303 (transfer).

Clear K314/315 (enable C to selected reg-
ister.



If the register selected is Bl, B2, or B3 the timing
for the transfer sequence will be the same to V310
time.

The following timing is for manually entering a B
(index) register during V310 through V317 time.

Operator presses TRANSFER. Transfer timing is
the same as for A register.

CLEAR 8b F608 J285 MC
¥018 -O—
J, { CLR Bb

— eyt |20

BKPT LOCKOUT K¢36 <

ROP K085
¥o06 B F3se E
(54s0-5u.3) Fu20
(ARITH BUSY)
B2 F353 3
V310: Input H241 (clear B).
J285 MC
¥310 l
KYBD ACT. J307 l
15 BIT W84 Heu1 | 218
Hess| 2pase
apep
70 F3ee LOAD 83 F353
RESUME 1852 HI U § 1551
BOP ¥360 51 28578
RESYNE 263 2ps7B
hees| 2678

Figure 182. B Register Entry Logic

One of the terms F351, F353, or F355 will have a
0 for its output. This is caused by pressing the re-
spective Bl, B2, or B3 button on the keyboard when
selecting the register.

V311: Clear B (index register).

V312: Input H245 (C to BD). _

V313: C7X2to BP. Static enable for C to C7X2.
V314

V315

V316

V317: Same as for enter A register.

KYBD ACTIVE J3I4
P SELECTED M3I18

READ STO SYNC J207

15 BIT J254 c--2—Bb
KYBD ACTIVE J3ss ~On Heus | 2#75
roo! ¥iiz2 H2 71| 2N30R
z 1 F352 N273| 2N30B
zo00
[ 8:00 N2 75 2HULE
croz o—»
eNzil Ne81) 2@30R
> 8101 F354 N283] 2@¢308
Foll —7) l
00! B0
criz 2N22 —
6us
> B 111 =" i
N285) 2 U4 B
[—-\uagx 24550
roar —4 1 Fa56 -T:‘NZQQ 2#588
N295| 24738
z002 :1
o ni20
e O—}
= 7 awas
> 812
FO3I ~— l
it O 8130
c732 O Nz
> 3131
FO4I —1t l
1004 — e
cre2 — /.)— 28
N270 b4l Figure 183
N2T) —— r gu :
N24 | ———

B Register Enables

If the register selected is P, timing for the transfer
will be the same as manually enter A to V310 time.
The following timing is for manually enter P register
from V310 to V317 time.

V310
V31l
V312:

V313:
V314:

Input H215 (clear P1).

Clear P1, input H210 (complement to P1).
C7X2 to P1 (static enable for C to C7X2). In-
put H221 (P1 to P2).

P1to P2 is a forced transfer to equalize a two-
rank register.

V315:

V316
V317: Clear K342/343 (keyboard bus priority), clear
C register and its associated controls, and

clear K336/337 (last digit).

READ STO SYNC J207

BDP RESUME 1852

v3I3
c—»PI

AUTO LOAD+ AUTO DUMP JO50
AUTO LOAD/DUMP SYNC KO38

Figure 184. P Register Entry Logic

VOT5 N2 14

y Pl —P2
N232 H221
N22i
N223
N225
N227
MC J285 N229

Figure 184
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Bit 0 Pi Bit 0 P2
C702 P0O0O P500
N210
N277-» P0O1 ‘/’J'.PSOI

N221

Figure 185. P Register Enables

Review of Transfer Sequence

After datahasbeenenteredinto C, it mustbe trans-
ferred to the selected register., Pressing TRANSFER
initiates the transfer sequence. This sequenceis per-
formed using the manual timing chainandthe keyboard
controls (Logic Diagrams, page 2-19).

For transfer to Bl, B2, B3, or P, press TRANS-
FER switchtosettransfer FF, The signal then passes
down the flip-flop chain to set keyboard bus priority.
H310 is pulsed to start the manual timing chain., As
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the signal passes down the timing chain: DB register
is cleared. BP (if selected) is cleared., Contents of C
is gated to DB register. Pl (if selected) is cleared.
Contents of C are gatedto Plor to selected B register.
Plis gatedto P2 (if P is selected), Cregister andcon-
trols are cleared.

For Transfer to A or Q: Press TRANSFER to set
transfer FF. The signal passes downthe flip-flop chain
to set keyboard bus priority. H310 is pulsed to start
the manual timing chain. As the signal passesdown the
timing chain: Enter Al FF is set and F2 register is
forcedto a 20 (function code for load A) or enter Q1 FF
is setand F2is forced to a 21 (function code for load Q).
DBregisteris cleared; (C)isgatedto DBregister. The
arithmetic timing chain is started. X and A2 registers
are cleared. DBregister is gated through T4 to X; noth-
ing is gated to A2. (X) and (A2) begin to propagate
through the adder. C register and its comntrols are
cleared. AlorQl iscleared. (X)isgatedthrough o
Q1 or the Sum from the adderisgated to Al through 10,




KEYBOARD ENTRY Worksheet

1. Indicate the stateof the digit counter FFs for each position of C register by filling in the following chart.

K320/321 K322/323 K324/325 K326/327 K328/329 K330/331

Digit 7

Digit 6

Digit 5

Digit 4

Digit 3

Digit 2

Digit 1

Digit 0

. Indicate three manual operations which will cause
C register to be cleared.

. Witha select register key pressedonthe keyboard,
what condition must exist in order to obtain. a key-
board active status?

. What is the function performed by K336/337 (last
digit FF)?

. Briefly describe the need for flip-flops K354/355
and K356/357.

. What function is performed by the flip-flop speci-
fied at the times given?

P Register A Register

Previously Selected Now Selected
Resync T2
Resync T3
Resync TO
Resync T1
Resync T2

. What are the transfer operations between C reg-
ister and the register selected at the keyboard?

. With the keyboard active after the computer has
been stopped and A register selected, what would
occur if TRANSFER were pressed and released
twice in succession?

10.

11,

12,

13.

14,

14,

. What is the significance of the preceding answer

during manual register entry operations performed
at the keyboard?

With the computer stoppedand a keyboard master
clear already performed, list the sequence of
switches that must be pressed to place the quan-
tity 03, 000, 000 into Q register.

What prevents simultaneous selection of more
than one register at the keyboard?

Why is it necessary to obtain bus priority during
a transfer sequence (i.e., what malfunction could
occur if bus priority were omitted)?

List the operations that occur withinthe program
control sectionas aresult of performing a master
clear at the keyboard. (Assume that the machine
is stopped.)

Under what conditions can go FF be set?

Under what conditions can go FF be cleared? (In-
clude the output translation for J071.)
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MANUAL READ STORAGE

Read storage enables the operator to monitor the
contents of one particular storage location while the
computer is either running or stopped.

During a read storage operation the storage location
set on the BREAKPOINT Address Selector switches is
read and its contents displayed in C register. This
location is continually monitored at a rate determined
by the auto step oscillator.

The command timing chart on the following page is
for a manual read operation. Refer to Logic Diagrams
as you progress through the operation.

To perform read storage:

1. Setthe addressto be referenced onthe BREAKPOINT
Address Selector switches. This is an address in
either main memory or one of the 64 locationsin
register file memory.

2. Set the Mode Selector switch to STO if referencing

w

main memory or to REG if referencing register
file memory.
Press keyboard switch READ STO.

. When the auto step oscillator puts out a signal,

transfer FFis set. Ifthecomputeris running there
is adelay while the current instruction is executed;
if the computer is stopped there is no delay. The
contents of the designated location are read and
displayed in the C register by use of the manual
timing chain and controls. When the data has been
displayed, normal operation continues. (If the
computer is not running, nothing occurs.) When
the signal from the oscillator again comes up, the
cycleis repeated. The designated location is con-
tinually monitored at the auto step rate until an-
other keyboard switch is pressed to release READ
STO.

Table 14. READ STORAGE TIMING CHART

TIME TERM | COMMAND CONDITION REMARKS
Set the BREAKPOINT Address Selector
switches to the address to be referenced.
(This may be a main memory address or one
of the 64 registers in the register file.)
Set the Mode Selector switch to STO torefer-
ence main memory or to REG to reference
register file memory.

Async Press keyboard switch READ STO

V073, K316/317 Transfer FF clear Set read storage sync (puts J368 to a 1).

N319

Vo071 K302/303 M358 =0 Set transfer when the auto step oscillator sig-
nal goes to 1.

V074  [K310/311 K314/315 clear Set transfer lockout.

V076 K358/359 K314/315 clear Set wait priority.

-——— - — - Computer running Wait until the instruction currently being pro-

cessed is completed.

V082, K340/341 Couiputer iuiiing. Set K340/341 via J301

V084, or RNI next. or

V086 via keyboard bus request,

Vo072 K340/341 Computer stopped. Set K340/341 via ]J357.
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READ STORAGE TIMING CHART (Cont)

TIME TERM COMMAND CONDITION REMARKS
V073 | K314/315 Set enable C to selected register.
0Odd K342/343 Request bus K210 =1 Set keyboard bus request if block control does
time not have bus priority.
Transmit read Transmit read via T655.
Transmit storage Gate breakpoint address (M6XX and M7XX)
address on S bus to EXX8, from EXX8 to T6XX transmitters.
NO050 H117 K212/213 clear, Keyboard operation obtains bus priority.
no register
and selected
V074 | Clear K342/343 set Clear transfer lockout.
‘ K310/311
Clear Clear wait priority.
K358/359
V117 Set
K212/213
Set Transmit a storage request to the selected
K116/117 module via one of the T65X transmitters.
Even H115
time
N050
V115 K012/013 Enable data bus Set K012/013 to lock out multiple pulses.
I R Main control now waits for the selected stor-
age module to provide a reply.
Async | R555 Reply Reply received and used as an input to the
resync circuit.
Vo061 H310 Resynchronized reply provided to start the
manual timing chain.
V310
V311 K004/005 Set address mode V311-V314 provide idle time while the word
(word) is read from storage and placed on the data
bus.
V314 | K340/341 Clear keyboard bus request.
V315
V316 H317 Clear C and controls
V316 H401 Clear DB register
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READ STORAGE TIMING CHART (Cont)

TIME TERM COMMAND CONDITION REMARKS
V317 | K012/013 Clear storage request lockout.
V317 Clear DB and C registers are cleared. Clear stor-
K116/117 age request.
IN401 H410 EXX2 to DB register
V317 Clear Direct
K342/343
H318 EXX2 to C Clear keyboard bus priority.
N41X Gate the data from the bus into DB register
(EXX2 to DB register).
N32X Gate the data from the bus into C register
(EXX2 to C).
V071 Clear Y858 =0 Clear transfer when the auto step oscillator
K302/303 signal goes to a 0.
V073 Clear K302/303 clear Clear enable C to selected register.
K314/315
If processor is running when K342/343 is
cleared (V317 time), program control may
obtain the bus and continue processing in-
structions. Read storage again occurs onthe
next cycle of the auto step oscillator and will
continue until a keyboard switch is pressed
to realease READ STO.

MANUAL WRITE STORAGE

Write storage enables the operator to store informa-
tion inone particular storage location in main memory
or in register file memory. Write storage may occur
while the computer is either running or stopped.

During a write storage operation, information con-
tained in C register is stored in the location specified
by the BREAKPOINT Address Selector switches. Stor-
age occurs when TRANSFER is pressed.

The command timing chart on the following page is
for a manual write operation. Refer to I.ogic Diagrams
as you progress through the vperalion. Then answer
the questions following the chart,

To perform write storage:

1. Set the address to be entered on the BREAKPOINT
Address Selector switches. This is either an ad-
dress in main memory or one of the 64 locations in
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register file memory.

2. Set theMode Selector switch to STO if referencing
main memory or to REGif referencing register file
memory.

3. Press keyboard switch WRITE STO,

4. Load the data to be stored into C register.

5. Press TRANSFER.

6. If the computer is running thereis a delay until the
current instruction has been executed; if the com-
puter is stopped, there is ne delay.

‘'he manuai timing chain and controis are used to
store the data in the designated storage location. Then
normal operation continues. Write storage may be
performed again by pressing TRANSFER. Another
keyboard selector switch must be pressed to release
WRITE STO.




WRITE STORAGE TIMING CHART

TIME TERM COMMAND CONDITION REMARKS
The address to be referenced must be set on
the BREAKPOINT Address Selector switches.
The Mode Selector switchmust be set to STO
or REG.
WRITE STO is pressed.
Vo073, K318/319 Transfer clear Set write storage sync (puts J365 to a 1).
N319
Async. The data to be stored is loaded into C reg-
ister.
Asyne. Press TRANSFER.
VoT7l K302/303 Set transfer,
V070-4 |K310/311 K314/315 clear Set transfer lockout.
V072-6 |K358/359 Set wait priority.
—_—— Computer running | Waituntil the instruction currently being pro-
cessed is completed.
V082, K340/341 Computer running | Set K340/341 via J301
V084, or RNI next or
V086 K358/359 set via keyboard bus request
Vo072 K340/341 Computer stopped | Set K340/341 via J357.
Vo073 K314/315 Set enable C to selected register.
0dd time |K342/343 | Request bus K340/341 set Obtain bus priority if block control does not
NO51 K210 =1 have bus priority.
Transmit write Transmit a write signal to storage via T655.
Transmit write char- Transmit write character designators to stor-
acter designators age via the T66X transmitters.
Transmit storage Gate the breakpoint address to EXX8, EXX8
address on S bus to T6XX transmitters.
Even H117 No register se-
time lected
N050
V117 K212/213
Set Storage request Transmit a storage request.
K116/117
V070-4 [Clear
K310/311, Clear transfer lockout.
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WRITE STORAGE TIMING CHART (Cont)

TIME TERM COMMAND CONDITION REMARKS
K358/359 Clear wait priority.

Even H115

time

NO050

V115 K012/013 Set lockout to prevent multiple pulses.

H400
K004/005 Set address mode.
N400 H401 Clear DB register
N407 H440 CXX2 to DB register DB register is cleared.
N440 CXX2 is gated to the DB register ((C) to CXX2
was enabled earlier), (DBR) to the T5XX data
bus transmitters. Force EXX2 to output 1s.
—_— ] Wait for a reply.
Async R555 Reply Reply received by resync circuit.
Vo061 H310 Resynchronized reply provided to start the
manual timing chain. ,
V310 V310-V314 provide idle time while the data
on the bus is being accepted by the storage
module.
V314 K340/341 Clear keyboard bus request.
V315
V317 Clear Release bus Program control may now continue normal
K012/013 | Drop storage request program execution if the processor is run-
K116/117 ning.

V317 Clear Clear keyboard bus
K342/343 | priority

N33X Clear C

Async READ STO, SW, EN, KYBD OFF, or a reg-
ister switch must be pressed fo release
WRITE STO.

Vo073 Clear K302/303 clear Clear write storage sync.

K318/219

b
o
132
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Questions on Manual Read/Write Operation

1. List the steps necessary to allow you toobserve the
contents of location 20603 while the computer is
running and while the computer is stopped.

Running Stopped

Enter Page Index File Sequence --timing begins
with Enter PF switch depressed and C equal to the
quantity to be entered.

Depress TRANSFER
V071: Set K302/303 (Transfer)
Vo072
VvoT3
V070/V074: Set K310/311 (Transfer Lockout FF)
Vo071
V072/076: Set K358/359 (Wait Priority FF)
NO072/K351: Set K340/341 (Keyboard Bus Request FF)
(if Go) (start here for Go)
*N051/V073: Set K314/315, Set K342/343 (Keyboard
Bus Priority FF)
Input H117
Set K116/117 (Storage Request FF) Set K212/213
(Block Control Priority 2 FF)
Input H115
Set K012/013 (Storage Request Lockout FF)
Input H400

N050:
V117:

N050:
V115:

P

2. If you want to change the contents of location 23 in
the register file, what steps must be performed?
List in order the buttons that must be pushed and
the operations that must be performed.

N400:
N401:
N440:
N411:

Input H401

Clear DBR, Input H440

C7X2 to DBR, Input H411

Set K214/215 (Delayed STO Request FF) Trans-
mit a Storage Request tothe Multiprogramming
module.

Resynced Storage Reply, Input H310

Clear Block P K200/201 (first time)

VO061:
V310:
V311
V312
V313
V314:
V315
V316: Input H307
N239/V317: Advance P2, Clear: K012/013, K116/117,
C; Input H308; Clear: K214/215, K212/213,
K342/343; Input H220.
N220/V308: P2 to P1, Set K340/341 if Go and return
to *.

Clear K340/341



SELF-EVALUATION QUIZ ON CHAPTER 6

TRUE OR FALSE OR FILL IN THE BLANKS

1.

2.

A different card type is used for the master
clock and the clock amplifiers.

One cycle of the master clock defines one phase
time.

The clock outputs are available any time power
is on.

The output of the resync network is available
only when the computer is running.

For a sweep continuous operation the Go FF will
be set.

The correct sequence for Test mode is Master
Clear, Go, then Stop.

The Test mode repetition rate is switch-selec-
table at 1 ms or at an auto-step rate.

If a change in selection is made from a 15-bit
register to a 24-bit register, the background
indicator will move from digit position 87 to 84.

9.

10.

11.

12.

13.

14,

15.

The C register is part of the transfer path for all
keyboard operation.

The presence of the background indicator speci-
fies which digit position will be entered when the
digit key is depressed.

The C register is the only register whose con-
tents may be displayed whenthe computer is run-

ning.

When K342/343 is set, the keyboard has bus pri-
ority.

During the B2 manual entry sequence,
will be a 0 to allow gating from C to B2.

A P1 to P2 transfer is not necessary during man-
ual entry into P.

The Arithmetic timing chain is not started for
manual entry into A or Q.

171






CHAPTER 7

READ NEXT INSTRUCTION SEQUENCE

FOUR MAJOR FUNCTIONS

The 3300 Computer has four major storage se -
quences, RNI, RADR, ROP, and STO. The first se-
quence, RNI (read next instruction) has four main
functions:

1. Toread an instructionword from storage and place
the instruction in F register.

2. To insure proper updating of P register.

3. To sense for all types of interrupts.

4. To start/stop.

Let's consider the first function of RNI, to read an
instruction word from storage and place itin F.

In order to visualize the data flow path for the ad-
dress look at figure 188. Notice the heavy black line
originating at the P register. This line defines data
flow for the address.

Now let's consider the data flow path for the instruc-
tion word coming from storage. Again look at figure
187, but this time notice the heavy dashed line orig-
inating at Z register of module 0. This line defines
the data flow path for the instruction word.

The second function of RNI is to insure proper up-
dating of P register, P may be updated at times other
thanwhen in RNI, but RNI must always update P. Four
cases to be considered in updating P are:

1. P+1.
2, P+ 2, (SKIP)
3. Jump.
4. Block advance P.
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Figure 187. Data Flow Path
Each case will be discussed in detail at V014 time of The fourth function of RNI is start/stop. When GO
RNI sequence in this text. on the keyboard is pressed an RNI is normally the first

The third function of RNI is to sense for all types of sequence entered, The computer may be stopped by
interrupts. This includes powerfail, illegal write, clearing go FF. With the exception of a stop during
STO parity error, normal interrupt, andtrap sequence, cycle step or after a storage parity error, all stops
all of which will be discussed in detail in chapter 11. are made at the end of an instruction, A stopwill occur:
Note that RNI timing assigns priority to interrupts. 1. When a program stop is required.

The RNT times associated with these are: 2, After oneinstruction is executedin instruction step
1. V004 - Sense for illegal storage reference, STO mode,
parity error 3. When breakpoint stop occurs.
2. V006 - Sense for power fail 4. When the go sync FF is cleared by pressing STOP
3. NO010 - Sense for normal interrupt on the console keyboard.
4, V080 - Sense for trap 5. After one memory sequence is executed in cycle
step mode.
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CURRENT ADDRESS REGISTER —S2

P1__REGISTER

F __REGISTER
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+(sTo&RTI]

R/W STO + R/W R.F.
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{ROP+STO+ BDP OP. CY.)(OSR SELECTED)]
N, e ——"
iz 18] s 11 10 0908 od INPUT TO RELOCATION
T~
PAGE FILE
23 12 0 00
000 001
Ze Zo
176 77
CPU ADDR. CPU ADDR.
BTH BIT It
1l 100908 020! oo
[e]p L] P. A Tr P] PARTIAL
N S—— PAGE  |<— ADDER (NO END ARGUND CARRY)
ADDER
N \
iz | [ 13 10 0908 00 QUTPUT FROM RELOCATION
C.PU. ADDRESS /
/" BITS 0980 To
MODULE 8K
ILLEGAL SELECT
COORDINATE —
WRITE SWITCHES

ADDRESS

DETECTOR \\
| STORAGE
$ BUS
STORAGE
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Figure 188. 3300 Address Flow
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DETAILED TIMING
A flow chart of RNI sequence is shown in figure 189,
It depicts the several steps involved in accomplishing
the four major RNI functions. A time-ordered list of
events pertinent to successful operation of RNIfollows:
1. Request bus system. Advance P register if other
than first RNI. (P register now holds the address
of the next instruction to be executed.)
2, Obtain bus priority.
3. Transmit address in P to storage via the S bus.
4, Do not transmit a write signal. (Absence of a
write signal is a read signal.)
5. Transmit a storage request (module request).
6. Test for BPI stop. Wait for reply.
7. Receive and resync reply signal from storage.
8. Clear request bus FF.
9. Time out the access (allows time for storage to
read and place the word on the data bus).
10. TUnconditionally release the bus system.

11, Stop if breakpoint stop; Clear F register if not

BPI stop.

Gate data busto F register via EXX2, (F register

now holds translated instruction.)

Test for stop (cycle step mode or instruction step

and end of instructionor STOP pressed and end of

instruction).

14. Advance storage reference controls to RNI+RADR
+ ROP + STO.

15. Progress to the next storage reference if not stop.

Figure 190is a block diagram of the RNItiming chain

12,

13.

which indicates the times of occurrence for the RNI
events. Not all times of the timing chain are listed and ‘
note that item 7 is associated with no specific time.
This diagram will reappear throughout the detailed dis-
cussionof RNI timing to enable you to keep track ofthe
overall timing of RNI.

ENTRANCE TO RNI

The RNI sequence provides for most manual and pro-
gram starts and stops. The computer may be started
by pressing GOif normal program operation is desired
or by pressing SW/EN CONT if sweep or enter opera-
tion is te be performed. These switches are mutually
exclusive although they both set initiate go FF (K304/
305). The output of initiate go is timed with a resync
pulse to set the go sync FF. The outputof this FF then
sets go (K090/091) and the output of go allows a start
pulse to begin an RNI sequence to read the first instruc-
tion of a program. (The logic discussedabove is found
in 3300 Computer System Logic Diagrams, page2-15 )

The computer may also be started from halt by press-
ing console switches STORAGE CYCLE STEP, IN-
STRUCTION STEP, or AUTO STEP. Operation of the
computer in these modes is discussed elsewhere in
this manual,

Figure 191 shows all the possible entry points to the
RNIsequence. The inputsto H012, H016 and H014 are
from the other sequences or operations. Most inputs
occur at the end of a sequence or operation. The out-
put of N014 initiates RNI.

Bus priority Reply from
granted storage
®| Request —®| (P) to S bus —® Transmit tlrb Drop bus —————-b@
bus priority via EXX8 storage request request
Transmit | Test for
L& read signal BPI stop
to storage
BPI stop Step + stop
O Access Release bus and Advance l > Initiate next
time-out drop storage request sequence controls sequence
BPT stop -4 L
L’ Clear F Instruction to F

via bus to EXX2

Figure 189. Flow Chart of RNI Sequence
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@ Initiate RNI, Request the Bus System
@ Update P.

@ Request storage.

@ Reply from storage.

@ Release bus system.,

@ Enable the Instruction to the F register

@ Decode instruction.

End RNI.

Figure 199. Major Timing of RNI Sequence

INITIATE RNI

@ Initiate RNI, request bus system.

N014/V014: Set K000/001 (request bus)and K002/003
(RNI lockout). Inputto H231 (advance P2)
except first time after a master clear, a
jump, entering Pmanually, or after DIS-
ABLE ADVANCE P console switch has
been pressed.

K080/081 (RNI sequence control FF) is set by either
completion of a sequence or a master clear, (It is set
after a master clear because it is assumed that the
next sequence will be RNI.)

The S bus and data bus circuits are shared by main
control and block control. Each of these sections needs
the bus system for its operations. The sectionrequir-
ing the bus requests it and priority is granted to the

F G

i

HOl6
HOI2

¢ —— = HOl4

3
voi4
B —(}———j
NOl4
A
GATE TERMS TRANSLATIONS OR REMARK
K340
A Vo087 00.7or 01.4 initial + 06 t010.0
K081 + 2Xto52 + 54 + 56 + 67
B N151 71to 77.4 + 77.6
C F701 BPD instruction and
F510 02 + 11 to 13.3 + 14 to 17_+
K002 (IRT . RF) + (70.X+ 55.X00)
V109 (Trap)
D F416 01 indexed + 03 to 05 + 10.1 to
K002 10.7 + 13.4 to 13.7
V103
E N217 from first advance P during
skip or restart main control
after read or write storage
F F366 00. (0 ~ 6) + 01 indexed + (77. 5X)
F610 (77.55) + (Exec) + 55,0 + 55.4 +
F611 + (77.6) (77.60) (77.630 +77,670
K950 + 77.674 + Exec) (77.64 + 77.65
Vo011l + Exec + PF¥ Pres) + 77.7
G F558 (IRT . RF) or second RNI of 71
V171 to 76
Figure 191. Entry to RNI Sequence

sections alternately. Main control and block control
have equal priority when requesting the bus system,
in that neither can takeit away from the other and each
has first chance to get the bus system after the other
releases it. V014 occurs only when initiating an RNI
sequence. KO000/001 (request bus FF) serves as the
main control request bus flip-flop. (The block con-
trol request FF will be covered indetail inchapter 15,)
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SKIP KIO9
P2—Pl N226

RETURN To [Vv316
RNI AFTER J369
READ OR K108
WRITE STO
vol4 2Q038 K950_ CPU WAIT
F6!11 | (00.0-00.6) +0LO +
VI20 | V960 BDP RESYNC 2.6)
10.1-107 Fave l l FeL0 1(77.5X)(58) +(77.6)
A=10. i RN LOCKOUT VOIL | {X1X)+77.7+55.0{x00)
K002 -
F510__ O —>|2si2A F558 77.0 + 77.1
GO LOCKOUT K092 251 1A VI7I BLOCK CONTROL REPLY
VOI0—»  KOO3
INITIATE RNI
vIo3 HOI6 2pP0I
0l.(1-3)4 (03-05) +(10.1-10.7)+{13.4 - 13.7) F4l6 N HOl2 2P04
02+ (11-133)+ (14 -17) + 53X (X00) + [ 55.(XG0) + 70][TRAF] F5I0ﬁ NI5I Ho4 2P0S5
BDP INST F70I vios U140 — > vol4 | 2002A
NOI4 [— 2010A
END_OF ROP V084 GO K090 T
10.0+ 34 F503 RNI KO80
START From _| NO72 L_ J—
DEAD STOP "[;ﬁ’gi INT+ PWRFL+TRAP Jigo {KIO8 SKIP
RNI KO8I RESTART AFTER [NO72 | 940
END OF STO V086 2008A  KYBD BUS REQ K340 BKPT STOP ‘[J I35 | V960
F3il Ol INDEXED % ?gﬁ;’”‘“
F500 RNI NEXT L
V082 END RADR 2048
K102
2Q45BA
Ki03

NOQO

Figure 192, Initiate RNI Logic

UPDATE P

@ Initiate RNI, Request the Bus System

(2) Update .

The P register holds the address of the current in-
struction or the address of the first instruction at V014
time. At this time RNI must insure proper updating
of P register. The four cases to be considered are:
1. P+1,

2. P+ 2 (skip).
3. Jump.
4. Block advance P,

To execute a P+1, refer to figure 193 and consider
this tiining:
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V014: Set K000/001, input H231.
N231: Advance P2 (+1), input H220,
N220: P2 - P1,

To accomplisha P + 2 the skip FF (K108/109) must
be setbefore V014 time. Instructions 04 to 10.7, 52,
71 to 76, 77.0 to 77.4, and77.6 provide for P + 2when
a certain condition exists. For all but the 7X instruc-
tions the skiptranslators (logic diagrams 2-13) deter-~
mine if a skip condition exists. For the 7X instruc-
tions the skip condition is tested in the interrupt or
block control sections. When a skip condition exists
during the execution of an instruction with skip capa-
bilities, skip FF will be set. To understand a P + 2
refer to figure 193 and consider the timing below. Note
that a skip (P + 2) adds 4 4 times to the RNI sequence.

K108/109 (skip) is set.

Do not set K000/001; input H231,
Advance P2 (+1), input H220,
P2 - P1, input H229,

Clear K108/109 (skip); input H012,
Set K000/001; input H231.

VO014:
N239:
N226:
N229:
VO014:



SKIP

K8

y

Ki0o8

% KIO9

NOOO

INITIATE
RNI

—» HOI2

HOl4

voi4

BUS
l—b K000

REQUEST

KOOI

ADVANCE P

2

H307

P2y pl

H23]
BLOCK P T-.

H220 O H2i7 —
K200
K120 N220 N207

____ K200 N239
JOMP 106
N23l |{NTERRUPT SYNG |N222
N233 N224
N235 N226
N237
Figure 193. Update P (+1, +2) Logic

N239: Advance P2, input H220,

N226: P2-»P1.

To accomplish a jump, the jump FF (K106/107) must
be set before V014 time. The instructions 00.X-03.X
and 70 (4 to 6) have jump capabilities. For setting of

jump FF refer to Logic Diagrams, page 1-3. Execut~-

ing a jump will not increase the time required for the

next RNI, To understand how a jump is accomplished
refer to figure 194 and consider the timing below:

V014: Set K000/001, input H211.
N211: Set P1, input H230.

N230: F1-—®P1, input H221.P2 P3.
N221: P1—®P2,

BLOCK P
K200
K201
START RNI seT P! F—>p pl —®p2
A;]_—_——___
HOI2 f*’iHZH » H230 H221
HOI2 N2l N230 N22I
Ivm4 N2I3 N232 N223
N225
2 3 N227
JUMP p™—»P
K106 JO80 H750
KIOT
K07 K952

N207 CLR F

Figure 194. Jump Logic
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To accomplish a block advance P the block P FF
(K200/201) must be set before V014 time. Block P will
be set for:

1. Master clear.

2. Manual entry into P register.

3. Console switch DISABLE ADVANCE P pressed.
4, Instructions 06 and 07.

When block P sets, inputs to H231 and H211 (Logic
Diagrams, page 2-47) will be disabled. Therefore,
P+ 1,and P+ 2, cannot be accomplished.

Obtain Bus Priority
NOS1: Set K010/011 (main control priority) if block
control does not have priority. Input to H220
and advance P2 (Logic Diagrams, p.2-47) ex-
cept first time after a master clear, jump, etc.
If K211 = 1, repeat preceding test at the next
NO51 time because block control has priority.
If K209= 1: Set K010/011 (program or main
control priority), gate P1 to EXX8 to T6XX to
S bus. This places an address on the S bus.
Gate EXX8 to EXX7 to EXX6. This allows for
generation of the proper module request,
T655 (READ) is off. (Thisabsence of a write
signal is in fact a read signal to storage.)
NO50: Input to H117.

Setting K010/011 indicates that main control has bus
priority. Setting K010/011enables (P)to the S bus (see
figure 204for the flow path). The address on the Sbus,
now available to storage, is the address of the next in-
struction. (Note that if block control were using the
bus system K010/011 would not be set until block con-
trol lost its priority and released the bus by clearing
K208/209.)

Address (S) Bus

The S bus (Logic Diagrams, page 1-19) provides a
path for transmission of a storage address from main
control to a storage module.

1. P register - The address in P specifies location of
instruction to be read in an RNIsequence. The ad-
dress from P will always be a word address.

2. F register - The contents of F specify location of
the operand for an ROP sequence, location of the
address for an RADR sequence, or address at which
a word is to be stored in an STO sequence. (Each
sequence is discussed in detail in its own chapter
in this manual.)

3. S2 (current address register) in block control - An
address is provided for block control access to
storage.

4, M6XX -M7XX inverter rank - The BREAKPOINT
Address Selector switch provides an address via
this rank during a read /write storage operation.
Breakpoint operations are discussed elsewhere.
Either a character address or aword address may
be provided by F register. P and M6XX-M7XX may
provide only a word address. S2 will always pro-
vide a character address.

Addresses from these four sources are brought into
the EXX8 inverter rank. The address is gated into
EXXS8 from the desired source by the WOXX gates. The
complement of the storage address is then transmitted
from EXXS8 to the relocation chassis viathe T6 XX trans-
mitter rank.

REQUEST STORAGE

@ Initiate RNI, request the bus system

(2) Update P,

@ Request storage.

DISABLE PARITY + PARITY ERROR JOI2
MOVE CYCLE | Z356 MAIN
REQUEST BUS KOOI CONTROL
PRIORITY
NO5I KOl0
NOO5 —» KOII JOl 1
REGISTER SELECTED J335 HIi7
KYBD BUS PRIORITY K343
vVIIT
NO50 Q40A
Figure 195. Bus Priority Logic K212
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FOR RNI, P REGISTER —— POO|
FOR RADR,ROP, STO

F REGISTER

——»FO0|I

IMB7A

roco]]

EO28

IM68A

|
FOR INPUT/OUTPUT OPERATIONS
CURRENT ADDRESS REG.S ~ % 520! P
FOR READ/WRITE_STORAGE. _ vso|
BKPT SWITCHES o
potl /‘ﬁ ILS6A
Foll ~EOl8
Jos8l vas
s211 5
M6ll o
POzl —7P JiL57A
Fo2l E028
s221 vaa
KYED BUS PRIO y242 _,  M62I
RNI J290
iL64A
20—} +faoso
SWEEN J395__,
MC PRIO J0O2

DISABLE PARITY
PARITY ERROR J0I2

REQUEST BUS KOOI
BC PRIORITY K208
MOVE CYCLE | 2356

raagi=al

EO48

SHOWN ARE BITS O TO 2 OF THE EXX8 INVERTER
RANK AND THE S BUS TRANSMITTERS .

Figure 196. Address Transmission Logic

V117: Set K116/117 (storage request); transmit a re-
quest to the appropriate storage module,

J973 (ENTEER PAGE FILE) (EXEC)
J300 KYBD BUS PRIORITY

2P548 2P548 2R46A 19308
427 NOS5I o J002
J335 REG SEL
K343 KYBD BUS
MAIN
CONTROL K351 ENTER
PRIORITY
2P28
KOIO > HIT
2Q46 2R44A 1830C o viiz
—» KO J003 9710 | pRIGR| nos0 2Q28A
2P448
J290 RN!
_ © JO60
KYBD_BUS PRIO J242 Kos7
MAIN CONT PRIO KOIO 2PSTA b gy o
BC BUS REQ KI5I o —
BLOCK 1010 CYCLE
CONTROL V125 STORAGE
2P54A 2P54A PRIORITY | J REQUEST
NO50 K208 K6
2Q57 2Q50 2R29C
K209 NOO KII7 —>J213
VIIT7 Ni52
v3I7
BLOCK NOSI BLOCK
CONTROL CONTROL
PRIORITY 2 PRIORITY| 3
L& K210 K212
2R5IB
2M50 2R508
N152 K211 NOO5 K213
NI52 3
vV3IT

Figure 197,

Storage Request Logic

R/W PF

2R85A

STORAGE REQUEST
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While main control waits for the reply from storage,
itwill compare the breakpoint address with the address
transmitted to storage for equality.

NO50: Input to H115.

V115: Set K012/013 (request lockout) and K004/005
(word address mode). Input H116.

Test for breakpoint comparison if BPI is se-
lected and K136/137 is clear. (If breakpoint
stop were selected and a stop occurred on pre-
vious RNI, K136/137 would now set.)

V116:

K012/013 (enable data bus) is set by V115, The pur-
pose of this flip-flop is to break the inputs to H115
while K212/213 (priority delay) breaks the input to
H117, thus preventing multiple outputs from the con-
trol delays. They are fed by N050, a raw clock which
comes up every other phase time,

K004/005 (word address mode) is set unconditionally
during RNI. It is used during ROP and STO and will be
discussed at that time.

K134/135 (breakpoint stop) will set if the address on
the S bus matches the breakpoint address, BPI is se-
lected, and breakpoint lockout is not set, K136/137
(breakpoint lockout) being clear indicates that this is
not the firststorage reference after a breakpoint stop.
NOTE: Ifitis the first storage reference after a break-
point stop, K134/135 (breakpoint stop FF) will be pre-
vented from setting to allow the computer to continue
with the program. To say it another way, K134/135
will not be set during the comparison to prevent stop-
ping the second consecutive time on the same address,

Main control then waits for the selected storage
module to signal a reply. The waiting time varies
with the status of the memory module.

BREAKPOINT COMPARISON E279

To review what has occurred so far fill in the blanks:

L @
®
®

2. What is on the bus system at this time?

3. What is the state of maincontrol at this time?

4. Considering major timing of the RNI sequence, what
should occur next?

REPLY FROM STORAGE
Referto figure 188 to reinforce your concept of how
the logic accomplished the previous steps of RNI.

|v014::§gﬁ lvulJS voel
@ Initiate RNI, request the bus system
(2) Update P,

@ Request storage.

@ Reply from storage.

NO50 EVEN TIME

BREAKPOINT LOCKOUT

Ji36 JO90 GO

NO50
BREAKPOINT STOR BREAKPOINT LOCKOUT
KT HII5 HII6 KI34 Ki36
STORAGE :
REQUENCE VIS viie
KI35 KI37
ENABLE CLEAR DATA
DATA BUS BUS REGISTER
Kol2 H400 H40!
[¥400) 407,

KOi3 —]

Figure 198. Breakpoint Logic
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STORAGE SUPPLY IP56A 1056C 1052 1Q53A 10554
OR PSEUDO  —»HR555|—J068|—=> HOo60 A > HO6I Vo6l
REPLY A

HO62 B >

HO64 C -

HO66 D f

HO68 E -

1Q498 1Q568B

€493 NOT |
[c493—={No7 ]

Figure 199. Resync Logic

Main control was hung up until the reply signal came
from storage. The S bus held the contents of P regis-
ter, waiting for pickup by the storage module,

The processor must wait for the reply signal from
the storage module., The reply signal indicates that
storage is processing the request and will have the
information on the data bus after a predictable delay.
(This delay time can be predicted because it is known
that when the storage module sends the reply signal
it is also referencing the location desired, and the
time for a memory cycle is known.)

R555 (storage reply) (receiver)
V061 (resynced storage reply)

Reply signal R555 indicates that the storage module
is processing the request and after access time the
instruction will be available on the data bus.

A reply from any one of four storage modules is
received by R555, The asynchronous reply (logical 1)
is fed to HO60 along with a timing pulse from NO71,
H060/62/64/66/68 and HO61 convert the reply to alogic
signal which produces a 1 output from V061 during an
odd clock phase. This output is 62.5 nsec long and is
not repeated regardless of duration of input.

The timing pulse is produced by C493, an independ-
ently tuned clock amplifier. This amplifier is fed by
the clock pyramid but must be individually tuned so
that an output from V061 occurs exactly at odd time.
The procedure for tuning this amplifier is presented
in the 3300 Printed Circuits Manual.

The resynchronized storage reply signals the main
timing chain, the manual timing chain, or the block
control timing chain that the storage module is pro-
cessing the request and will accept a word during a
write operation, or that the storage module will place
a word on the data bus during a read operation.

V000-V005: Clear K000/001 (request bus) gives the
storage module access time to store the infor-
mation from the data bus.

The timing from V000 to V005 is called "time-out
for aceess". Its purpose is to permit storage to ref-
erence an address and place a word on the data bus.

MAIN CONTROL
HAS THE BUS
Ko

HODS
voO0Ss

Figure 200. Access Time

One of the first things to occur after the reply sig-
nal has been received bythe processoris the clearing
of request bus FF, Clearing request FF neither clears
nor releases the bus system. If main control needs
the bus system, it requests it via K000/001 (request
bus FF). If the bus system is not busy main control
is given bus priority and sends a request for storage.
Storage acknowledges the request by signaling that the
request has been received and is being processed.
However, the request for storage must be completely
processed before storage can transmit the requested
information. Essentially one might say that main con-
trol needs the bus, requests it, and storage starts
processing the request. At that point the bus request
--not the bus system--will be released.,

Clearing K000/001 (request bus) allows block control
the possibility of requesting the bus now. It is impor-
tant to note that releasing the bus request is not the
same as releasing the bus system. Main control still
needs the bus system to get the information that is
coming from the storage module, thus the bus system
itself has not been released. After the accesstime-out
and after main control has received the information it
requested from storage, then the bus system will be
released.
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RELEASE BUS SYSTEM

lvou'"za’q 'vn7 l VOGI‘

@E .

@ Initiate RNI, request the bus system

@ Update P.

@ Request storage.
@ Reply from storage.

@ Release bus system.

K0B6 STO

HOOY

RNI + RADR Q— J144 RNI + RADR
144

Ki34

ENABLE E--2 —»F
DATA BUS

K012

t—» 013

STORAGE
REQUEST
Kite

b xui7

AN Figure 201.

CONTROL PRIORITY

xoro Release Bus System

}— xoun

PRIORITY
DELAY

K212

Ly K2i3

V006: Input to H201 (Logic Diagrams, page 2-29 if

J138 =1, Test for powerfail (seechapter 11).

V007, N0O5: Clear K010/011 (main control priority),
F1, K212/213 (priority delay), K116/117 (stor-
age request), and K012/013 (request lockout);
input H200,

NN50: Clear K122/123 (initiate storage request).

Operations depending on V007 will not occur if the
breakpoint stop condition exists.

After access time has ela sed and as the informa-
tion from storage is taken from the bus system, main
control will release the bus system.

Releasing the bus system as soon as possible is im-
portant because block control and main control share
the same bus system. If the other control area needs
the hus system, the sooner it is released the sooner
it can be used. Further discussionof this bus-sharing
operation is supplied in chapter 15,

Breakpoint Stop
When BPI is selected the breakpoint address is con-

tinually compared to the storage address on the S bus.

104
FRVS

During an RNI sequence, if the storage address matches
the breakpoint address, breakpoint stop FF (K134/135)
is set, K135 is ANDed with V003 to clear the go FF
and stop the computer. K135 also holds V007 to O,
disabling the main timing chain.

ENABLE DATA BUS TO F REGISTER

iN23X, i | J ( i INooS!
|V°14'N051| V"? VOGI N005

S S S

Refer to figure 188 and review all previous steps.

@ Initiate RNI, Request the Bus System

@ Update P.

@ Reques£ storage.

@ Reply from storage.

@ Release bus system.

@ Enable the instruction to the ¥ register

V007: Set K572/573 (wait function).
(N209)

V008: Set K570/571 (F1
(N208) EXX2 to F1

F2 enable)

These two flip-flops are used in the arithmetic sec-
tion of the processor and will be discussed in chapter
12,

The output of N208 and N209 setting K570/571 (copy
code FF) andK572/573 (wait function FF) occurs dur-
ing each RNI sequence., The names of the flip-flops
describe their functions, Near the end of RNI, after
the instruction has been placed in F1 register, the
upper nine bits of F1 are duplicated in F2in the stand-
ard arithmetic section of the processor.

Since the arithmetic section can run independently
during some arithmetic operations, F2 register pro-
vides the only source for the function translations.
The functiontranslations are neededto provide enables
and permit gating during, for example, the multiply
and divide operations.

The data bus to receivers to EXX2 is a static en-
able. See figure 204 for the block diagram flow. See
figure 202 for the simplified logic. Note on figure 204
that EXX2 is in the {Jow path [romn storage to main
control as well as to the standard arithmetic section,
EXX2 could actually be considered the first branching
point for the flow. In this case EXX2 feeds F register.
Note that EXX2 also feeds the DB register.
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Figure 204. Data Flow
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Figure 202,
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Transfer to DB register occurs during all RNI se-
quences but is only used on the second RNI sequence
for the 71 to 76 instructions. These instructions are
48 bits long and occupy two sequential memory ad-
dresses. Reading 71 to 76 instructions from memory
follows this sequence during RNI:

1. First half of the 71 to 76 instruction is placed in F
register and also in DB register.

2. The instruction in F register is translated and an-
other RNI sequence is initiated,

3. P register is advanced and, during the second RNI
sequence, the second half of the instruction word
isread and placed inDBregister. (The enable from
storage to F register is not present during the sec-
ond RNI of 71 to 76 instructions.)

These are the reasons for transfer to DB register
during the RNI sequence. The execution of these 48-
bit instructions will be discussed in chapter 15.

DECODE INSTRUCTION

[ IN23%)
014/n051,

’vu7l _“ voaﬂ INoosl lvooss

P

@ Initiate RNI, request the bus system.
(2) Update P.
@ Request storage.

@ Reply from storage.

@ Release bus system.

@ Enable the instruction to the F register.

@ Decode instruction.

VO009: Set K008/009 (sense interrupt during arith-
metic) if arithmetic section is busy.

V010, NO10: Test for an interrupt condition.
V011: Input to HO80,

xo8e STO K081 ANI

END OF RNI

1080

ARITH BUSY
pret

| I INTERRUPT SYNC
| inveamupr

308 LIRBITiSK O o ¥iRG

EXISTS §-3
X009 121

Figure 205. Decode Instruction and Sense Interrupt

Py
(€]
[92]

Interrupt Recognition

An interrupt signal, generated by an external equip-
ment or the control section of the computer, is a re-
quest for special action to handle a special condition
which has occurred. The main program is suspended
temporarily while a special routine of instructions is
performed. The interrupt request may be acknow-
ledged and an interrupt routine initiated during RNI
or the RADR sequences.

An interrupt may be sensed only at NO10 time of the
RNI sequence. When arithmetic section is not busy
NO10 time will automatically come up only once in the
cycle 1 @ time after an RNI pulse enters H010. This
would mean that an interrupt could be sensed only dur-
ing the one time NO10 was up. KO008/009 remedies
this situation,

Suppose the RNI pulse enters HO010; 1 @ time later
it senses for an interrupt and there is none. The RNI
pulse continues down the timing chain and sets K112/113
but cannot enter H110 because the arithmetic section
is busy.

Now, assume aninterrupt signal occurs after the RNI
pulse has reached this point. KO008/009 permits the
computer to accomplish an interrupt sequence while
waiting for arithmetic to complete an operation.

If an interrupt is active NO10 will setK120/121 (in-
terrupt sync, see chapter 11) which will allow the in-
terrupt to be processed. K008/009 would not have been
set at V009 time if the arithmetic section were not
busy, therefore NO10would have tested for aninterrupt
active only once. Figure 206 shows a flow chart of
interrupt recognition.

END RNI

'

IN23X]

l I I |
014|N051| VHT | VOGl N005| IVOOBI V080

S S

@ Initiate RNI, request the bus system.
(2) Update P.

@ Request storage.

@ Reply from storage.

@ Release bus system.

N\
\9) Enable the instruction to the F register.

@ Decode instruction.

End RNI.



RNI V009

Is arithmetic
sectionbusy?

V009 sets K008/009 to
allow constant sample
for interrupt actives
(NO010) until arithmetic
section is busy.

NO010 samples for
interrupt active.

v

¢ <

Clear K008/009 if

arithmetic goes busy.

No [ Was there an
interrupt active?

No ( Is K008/009 sea Yes
/

Continue
sequence.
NEXT
KOBI RNT P eRENCE
END OF RNI RNI
vou HOBO K080
0 | —
RNI
F600 —1 Ko81
RADR
Figure 207, End RNI e o —Po-fiom
K083
ROP
ROP F400 —50—- X084
NEXT
Ko8s
V080: Progresstonextstorage LN -
reference according to
KosT

(F1), NOTE: V080 could
start the arithmetic sec-
tion if necessary --for example, RNI to RNI
progressions such as shift or enter operations.

Yes Process the interrupt

via program

Figure 206. Interrupt Recognition

The arithmetic section would also be started
if address modification were necessary. Ad-
dress modification is called FADR (form ad-
dress) and is discussed in chapter 12.

V080 may initiate a trap sequence if the instruction
just read up istranslated as floating peint, double pre~
cision multiply or divide, or a BCD instruction (55 to
70), and the respective option is not present in the
system.

The trap sequence does not execute these instruc-
tions. Itperforms an operation similarto return jump
to a software routine that simulates the execution of
the instruction. The trap sequence is discussed in
chapter 14.

SUMMARY

This completes your excursion through the RNI se-
quence, So that you can see the forest in spite of the
trees let's review the four major functions of RNI.

1. Read an instruction word from storage and place

the instruction in F register,
2. Insure proper updating of P register.
3. Sense for all types of interrupts,
4. Start/stop.
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AD NEX

REVIEW INSTRUCTION
Scan the by-now-familiar RNI sequence diagram RNI
and fill in the blanks without referring back to the |
text. ENTER RNI FROM
PREVIOUS RNI,

RADR,ROP OR STO

IN23%] T T (T T T T T T
014 'No51! lvoe1! IN0OS5! 1v008! voso) INITIATE
INO51, { I § B | 1 1 A STORAGE
REFERENCE
® |
OBTAIN
BUS
USAGE

REPLY

STORAGE READ STORAGE
TENTS OF ADDRESS{ TIMEOUT

GOPOO®OOO

SIGNED BY (S) ARE
D INTO Z
(Z) > BUS>EXX2+DBR
RELEASE
BUS
Do
GATED TO
Now refer to figure 208, a different representation F
of RNI sequence. We will supplement this figure in
the chapters on RADR, ROP, and STO so that you can
. - . PROGRESS TO NEXT

visualize the areas unique to each sequence and com- SEQUENCE. 13 DETERMINE
mon to all, z =570

The next couple of pages provide a handy list of prob-
lems to fill your leisure hours. Figure 208. RNI Big Picture

b
w
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1,

10.

Define the purpose and application of block P FF,
(K200/201).

Why must the P1 to P2 transfer always follow gating
of F to P?

During the RNI sequence at address 15000, what
ranks of inverters, transmitters, and receivers
provide a path from Z register to F register?

a. Storage Z register

b. Transmitters

c. Receivers

d. Inverters
e. Main control

. At best, how much time is necessary for an RNI

sequence from initiation (V014) to end RNI (V080)?
@ times, usec.,

. What two factors can delay the amount of time it

takes to complete an RNI sequence?
a.
b.

. Whatwould the console indicationbe if areply sig-

nal didn't come back to the processor?

List as many items as you can that could prevent
the reply signal from returning and entering H000?
a.
b.

c.
d.
e.

. What is the purpose for releasing the bus system
at VOO7 time rather than at the end of RNI?

After executing a 00.0 15000 instruction located in
memory at location 10077, what are the contents
of the following registers?

(F) = ® =

What registers, if any, will instruction 00,0 15000
affect besides P and F?

11.

12,

13.

14,

15.

16.

17.

18.

RNI Worksheet

Would less time be required to execute a selective
jump instruction if the switch were set than if it
were not set?

At best, the selective jump instruction requires
@times, usec, to ac-

complish its execution,

Is the arithmetic section used for the Bb # 0 de-
cision of the index jump instruction?

Does the increment /decrement of the 02.X in-
struction lengthen its execution time?

At best, the index jump instruction requires
Ptimes, usec, to ac-

complish its execution.

Does execution of a 03.5 XXXXX require starting
of the arithmetic section to accomplish its exe -
cution?

Does the 03,5 XXXXX instruction take more time
for execution than the 03.2 XX XX instruction?

Atbest, the 03.Xinstructionrequires
@ times, usec, to be executed.

The following problems are imaginary malfunctions

in the RNI sequence.

Study each carefully and, after

analyzing the indications, list areas that should be
checked. Use Logic Diagrams, 3200 Command Timing

Charts, and this manual for references. NOTE: Con-

sider each of the problems separately.

19.

Indications:

a. F register does not get cleared of the old in-
struction.

b. Z register in the storage module shows that a
new instruction was read out of storage.

c. The following flip-flops remain set during the
RNI sequence:
K000/001 (request bus)
K080/081 (RNI); RNIconsole indicator stays lit
K002/003 RNI lockout FF remains set
K010/011 (main control priority)
K212/213 (priority 3)
K116/117 (storage request)
K122/123 (initiate storage request)
K012/013 (enable data bus)

There are at least four possible circuits that could

give these indications. List each one with the
reason why it could be at fault.
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20,

P
<«

A, because
B. because
C. because
D. because

CLUES: Did you request storage?
Did you get a reply back from storage?
If the reply did get back, did the pro-
cessor recognize it?

Indications:
a, F register does not get cleared of the old in-
struction.
Z register in storage shows that the new in-
struction was read out,
c. The following flip-flops remain set during the
RNI sequence:
K080/081 (RNI)
K002/003 (RNI lockout)
K010/011 (main control priority)
K212/213 (priority delay)
K116/117 (storage request)
K122/123 (initiate storage request)
K012/013 (enable data bus)
d. K000/001 (request bus) is clear.

b.

The area of trouble that would give these indica-
tions must be between H and V

21.

22,

CLUES: Was a storage request initiated?
Did a reply come back from storage?
Did the processor acknowledge the reply?
If the reply did get back and the processor
acknowledged it, how far did it get?

Indications:

a. F register receives the new instruction.

b. The following flip-flops are clear:
K010/011 (main control priority)
K012/013 (storage request lockout)
K122/123 (initiate storage request)
K116/117 (storage request)
K212/213 (priority 3)

c. K002/003 (RNI lockout) is set.

The area of trouble must be from H

v

to

CLUE: Storagewas requested and the reply signal
must have come backwith the information
or else Fwould not have received the new
instruction,

Indications:

a. RNI FF stays set.

b. The old instruction stays in F register.

c, Z register in storage contains the data from
the last storage reference.

The following flip-flops stay set during RNI
sequence:

K000/001 (request bus)

K002/003 (RNI lockout)

K010/011 (main control priority)

K122/123 (initiate storage request)

K116/117 (storage request)

K212/213 (priority 3)

K012/013 (storage request lockout)

d-

The area of trouble must be from H to

B . (No clues for this problem.)

NOTE: The times given for these answers were fig-

ured from the simplified logic page included
in this chapter. If your answex does not agree
exactly with the answer given here, consider
the time for transmitter and receiver cards,
flip-flop settings and clearings, etc,



Some instructions are executed during RNI to RNIL, through onthe logic diagrams, using the 3300 Command

A few of these are shown on this page with their flow Timing Charts as a guide.
charts. Readthe flow charts and trace the instructions

00.0 Unconditional stop and jump to "m" upon restart:

RNI and | Set SELECT JUMP | Manual lstart Set P | RNI NOTE: Thisinstructionis executed regard-
decode and clear go = less of the state of the arithmetic section,
00.1 to 00.6 Selective jump:
No Adv P
RNI and SELECT JUMP RNI NOTE: Thisinstructionis executed regard-
decode switch set? less of the state of the arithmetic section.
Set P
02 Index jump:
Arith busy No ///
RNI and S—a ( @b) £ 07 5 Adv P RNI NOTE: This instruction
decode ) i
Set P 7/ will not execute unless
Yes "\ > ] / the arithmetic section is
AND Gate busy. Notice that the
Junction arithmetic operationoc=-
Arith busy curs parallel to RNIL,
e, —» (BP)t1 | Clear Bb Sum to Bb
03 A jump:
Arith busy No i AdvP
RNI and = Condition
A) + RNI
b [ O W@
Yes Set P

Sense adder
or (A) or
(A) and (Q)

NOTE: This instruction will not execute unless
the arithmetic section is busy. The arithmetic

operation must occur before RNImay be initiated.
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SELF-EVALUATION QUIZ ON CHAPTER 7

TRUE OR FALSE:
1. P register may be updated only during RNL.

2. Updating P register by 2 adds 4 ¢ times to instruc-
tion execution.

3. Setting K000/001 gives main control priority ofthe
bus system.

4. The block advance P FF is set by a master clear
to insure that the first RNI is at the address inP,

5. The execution of a jump adds 4 ¢ times to instruc-
tions for which the jump is optional.

TRUE OR FALSE OR FILL IN BLANKS

6. The P3 register holds the last jump address
(Program State),

7. If the system is in Non-executive mode, the upper
3 bits of the S bus, as sensed at the output of
the T cards, will be .

8. The rank of inverters has 2 inputs
to the T6XX cards so that to
address conversion may be accom-~

plished.

1992

9.

10.

11.

12,

13.

14.

15.

The CPU sends an absolute address directly to
storage if the system is in Executive mode and
the Multiprogramming module is present.

The function of the Breakpoint Lockout FF is to
insure that a restart may be accomplished after
a breakpoint stop.

The reply from storage starts the main timing
chain and indicates in all cases that storage has

acknowledged the storage request.

Flto F2 transfer is necessary because the Arith-
metic Section can run independently.

Main control receives Data from storage during
RNI.

The transfer of EXX2 to F1 occurs for every RNL

Interrupt is sensed every V010 time if the RNI
FF is set.

Score yourself:

Missed none or one? Excellent!
Missed two? Below average
Missed three or more? Too bad--you've failed!



CHAPTER 8

READ ADDRESS SEQUENCE

DESCRIPTION

The read address (RADR) sequence is used when in-
direct addressing, used only with instructions that use
execution address m, is required. After an RNI (and
possibly indexing), an RADR sequence is used to pro-
cure the execution address of an instruction. Several
levels (or steps) of indirect addressing may be used
to reach the execution address. Indirect addressing
is specified for applicable instructions when bit 17 is
a 1. Figure 209 showsthe indirectaddressing routine
for the 3300.

Figure 210 is a system block diagram. The heavy
black line originating at Fregister indicates the trans-
fer path for the lower 15 bits of the address. The upper
3 bits of the address will be 0's if the system is non
executive or in monitor state. The upper 3 bits of the
address willbe (ISR) if in program state. Originating
at Zregister of module 0 represents transfer path for
data from storage.

Steps in the RADR sequence are:

. At the end of RNI request bus priority.

. Obtain bus priority.

Transmit aread signal. Transmit storage address

Transmit storage request. Wait for selected stor-

age moduletoreply. (Waiting time varies depending

on memory module status.)

5. Receive and resync storage reply; use this signal
to start main timing chain.

6. Clear lower 18 bits of F and clear DB register.

7. Gate data from the bus to F and DB register.

8. Test for interrupt.

NG

.
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9. End RADR. Setthe correctstorage sequence con-
trol FF to execute the next appropriate sequence .
If another step of indirect addressing is required,
RADR remains set and another RADR sedquence is

RADR is nearly identical to RNI. The flow of in-
formation is identical. The only differences are that
the storage address comes from F register instead of
P, and informationfrom storage goesto only the lower
18 bits of F instead of all of F.

executed.
End of Original instruction may
>
RNI contain a and/or b.

|

This operation,
FADR (form ad- Add the contents of Bb
dress), is covered to m to obtain M,

a =1 for indirect ad-
dressing
b = index designator

in chapter 10. T

m = unmodified execu-

tion address

'

'

This operation
is handled by
RADR sequence,

Go to address M; acquire
new terms a, b, * and m.,

Execute the instruction
using address M,

*The b designator is not changed
on a 47 or 54 instruction.

DETAILED TIMING
To read an address from storage, several operations
must occur:

1. Requestbus system. (F lower 15bits isthe address
to be referenced.)

2. Obtain bus priority.

3. Transmit address inthe lower 15 bits of F to stor-
age via the S bus.

4. Donot transmit write signal,
signal is a read signal.)

5. Transmit storage request,

6. Do not test for breakpoint stop.

7. Wait and resync reply from storagc.

8. Clear request bus,

9. Time outaccess to allow storage toread andplace
word on data bus.

(Absence of a write

bt
¥}
b=

Figure 209.

Indirect Addressing Routine

10. Sense for interrupt

11. Clear "F'" lower

12. Gate data bus to "F'" lower

13. Testfor stop (cycle step mode, or instruction step
and end of instruction, or STOP pressed and end of
instruction).

14, Advance storage reference controls tc RNI+RADR

+ ROP + STO,
15. Progress to next storage reference if not stop.

NOTE: The lower 18 bits of F are cleared and EXX2
is gated to these bits for all instructions requiring in-
direct addressing exrept 47 and 54. For these two
instructions only, bits 0-14 and 17 are cleared and
replaced with respective bits from memory.
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Bus priority

Storage reply

granted (resynchronize)
From RNI + RADR Request (F) to S bus Transmit I Drop bus _.@
sequence bus priority via EXX8 storage request request
Transmit
read signal
to storage

Release bus and
drop storage request

Access
time=-out

Clear lower F

Figure 212 graphically shows the RADR sequence of
operation.,

Initiate next

Cycle step mode
storage cycle
Advance as c.ietermlr.led
by instruction
sequence controls : )
in F register

(RNI + RADR
+ ROP + STO)

Bus to lower F
via EXX2

Figure 212. Flow Chart of RADR Sequence

READ ADDRESS STORAGE REFERENCE

This sequence will be used only for the instruction
in which bit 17 is the addressing mode designator and
bit 17 = 1.

READ ADDRESS SEQUENCE

The RADR sequence is used only for indirect ad-
dressing. It has no other purpose or function. It
does not accomplish the execution of any instructions.

566 &

IH",,{\D ADDRESS SEQUENCE

6 & o

@ Start RADR, request bus system

@ Request storage
@ Reply from storage
@Release bus system

@ Enable data bus to lower F register

@ Redecode instruction

@ End RADR

Figure 213. Major Timing of RADR Sequence

START RADR

READ ADDRESS SEQUENCE 7
tt

@ Start RADR, request bus system
If Indexing not required

V380 (end of RNI pulse): clear K080/081, set K082/
083 (RADR), set K000/001 (Request bus).

If Indexing required

V380 (end of RNI pulse): clear K080/081, set K082/
083 (RADR), set K100/101 (start Arith 1).

N659/V109: input H100, input H500
V500/V100: set K110/111 (enable 19 to F)
V501:
V502:
V503: input to H110
V110/V210: set K000/001 (Request bus), clear K112/

113 (no Index)

K000/001 (Request Bus Flip-Flop)
The S bus and Data bus circuits are shared by main
control and block control sections of the CPU. Either
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section requiring the bus system must request pri-
ority. Priority will be granted when the bus system

is not in use,

Main control and block control have equal priority
when requesting the bus system inthat neither cantake
it away from the other, and each has first chance to
get the bus system after the other releases it.

K000/001, Request Bus FF, serves as the main
control request bus flip-flop.

NO51: Set K010/011 (Main Control Priority) if block
control has priority.

REQUEST STORAGE

READ ADDRESS SEQUENCE

o &

@ Start RADR, request bus system

@ Request storage.

N050: Input to H117

V117: Set K116/117 (Storage Request).

storage request

Transmit a

If K209 = 1: Repeat this test at the next NO051 MAIN CONTROL
time because block control has M
priority. swrones 7|~ -
If K208 = 1: Set K010/011 (Program Control Bus ero 28T 15 mTs 15 miTS na e
. . SET -
Priority FF). Gate Fj, to EXX8 to 2{ ] pl p2 To beR
T6XX to S bus, placing a 15-bit R e e eime v =
address on the S bus. Upper three - i
. . 2
bits of the address willbe zeros or F'— weRsueT ™ RGN
. MASK
(ISR). T655 m) is off. Tl REGISTER] #
€--2 LouA'nal Pt = gl lnsns
. ]
Setting of K010/011 enables the (Fp) to the S bus. AT S we I 0w
1) _—
(Note that if block control has some of the bus system, Py i . e
. . 0 —» I e T0
K010/011 will not set until block control loses priority; aor ! “a [ W
FROM
K208/209 cleared. ) Krae - y
SWITCHES x° 3
8% =
MC
BUS 3YSTEM
24 BITS o F! MAIN ‘°{§'<'ﬁ:|¥'3'"
F; 24 BITS C CoNT
I,(. 17 24 BITS
R tac) 20 f
STORAGE MULTIPROGRAMMING MODULE Tes— DBR |
RIGHT DATA BUS F1 DBR cr-2 L ‘
TR ya e — R7- Tr-- Hl
v! V V‘
R7S5~ Q T75~ R50 T75- L
lY{ 28 BITS DAYA ‘m Rs - 8-
JTs- R < DATA 24 BITS
Z 13 BITS MOD -
T we 450 - Ze
ClSL P BKPT
R70- T70- A3 SRp svor
LEFT DATA BUS Z'
12 8ITS csL ILLEG
RIGHT S BUS [ Ly U Al WRITE
TR T > st -
13 BITS A Euz Sm'w‘/?: 2t
R6S - | Jes- s [r2--] . wATRIx . COND REG L3
oo~ e prems e - Y o T SR AN oo
J' LEFT 5 BUS a E| z:x‘:fxz 11 rmfsunons $10 1
G MP vE REQ
DIoBE H 6 BITS
9 BITS ze COND.
— 2 — Aga-os
g S us
S4| SRR P e
el
s~ —3 s——2le— 18 (| S'tVI[s* MIF-------"-"-—"-~"~"—~———=—=——==—=--"°9
DAR VIA COMPARE
s Ja3— 8 £
verecTOn b
WE T wORK PPl Zg [t 14 |CHMH€'. ‘ INT
29 stfamalscnmnlsumn ™ l
SCANMER LOGIC "c'o:.}.
cru TLLEGAL sTaTUS ™wT
ot B o T o r
0 QQ A J N—
s & Isls hle INTERRVET BUS starve sus

[y
[¥e}
w

Figure 214. Address Transmission for RADR



EVEN
RAW
CLOCK

o8t} — oo,

CONTROL
REQUEST PRIORITY

Ja214
Ja217

STORAGE
REQ.

MAIN
BU-SJ

KOO0 F—DKOIO

KOl

KOO0l

K212

—O-HII7 —®KIlI6
Vi7

KI7

STORAGE
REQUEST

K208 (BLOCK CONTROL PRIORITY)
JOI2 (PARITY ERROR + PARITY DISABLED)

2356 MOVE CYCLE |

Main control is now waiting for a reply from storage.
Thereis no breakpoint comparison in RADR sequence,

NO50: Input to H115,

V115: Set K012/013 ( request lockout, p. 2-9) and
K004/005 (word address mode, p. 2-71),

V11é6: P

Ku7

STORAGE
REQUEST

Figure 216.
Storage Request
Logic

Review what has occurred in RADR sequence so far.

@

®

Main control is hung up. There is nothing that it
can do until the reply comes back from storage.

The processor must wait for a reply signal from-

storage. The signalindicates that storage isprocess-
ing the request and will soon have the information on
the data bus.

Item 3 of RADR sequence is .

Figure 215.
Bus Priority Logic

REPLY FROM STORAGE
READ ADDRESS SEQUENCE ]

$ 5

@ Start RADR, request bus system
@ Request storage.

@ Reply from storage.

R555 (storage reply, p. 1-2)
V061 (resynchronized storage reply)

®

The reply signal (R555) indicates that the storage
module is processing the request and, after access
time, the instruction will be available on the data bus.

Resync circuit is discussed in chapter 7.

V000-V005: ClearK000/001 (request bus) to give the
storage module access time to store the infor-
mation from the data bus.

RESYNC CIRCUIT

REPLY
FROM §R555]__>|Joezﬂ——* HO60 A [——p
STORAGE ]
Hoe2 B [|—pi|Ho6I
—»1| vosl
HO64 C |—— 08l |y
HO66 D |l——| Q454 Q46A
HO68 E

C493 NO7I

Figure 217. Reply Resync Logic
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vosl

KOl {MAIN CONTROL HAS BUS)

J068 RESYNC HO0O Lo Hoo! HOO2 -»{Ho03 L»{H004 HOOS -
CIRCUIT V000 Tvoor voo2 [voos |vooa voO0s5|
oop HO0O
RAW -
CLOCK RESYNG J280 WC
RESIN REQ:E(S); BUS
Kool
REQUEST
BUS Kool
Figure 218. Clear Bus Request

As soon as the reply signal from storage is resyn-
chronized access time starts. One of the first things
to occur after the reply signal has been received by
the processor is clearing of the requestbus FF. Clear-
ing the request bus FF neither clears nor releases the
bus. Main control needs the bus system and requests
it via K000/001 (request bus FF), If the bus system
is not busy main control is given priority and sends a
request for storage. Storage acknowledges the request
by sending back a reply signal indicating that the re-
quest has beenreceived and is being processed. How-
ever, the request for storage must be completely pro-
cessed before storage can transmit the requested in-
formation. Essentially, one might say that main con-
trol has the bus, thus does not need to request it, so
K000/001 is cleared. Main control must still use the
bus system, thus it has not been released.

RELEASE THE BUS

READ ADDRESS SEQUENCE J
2

6 o 5 o

@ Start RADR, request bus system

@ Request storage.

@ Reply from storage.

@ Release bus system

V006: Input to H401; input to H201,

]
(=3
[s=]

V007, N005: Clear K010/011 (Main Control Priority),
clear the DB register, set K494/495 (sense
interrupt during RADR); input to H410; clear
K212/213 (priority 2); clear K116/117 (storage
request), clear K012/013 (request lockout);
clear F1 (lower 18 bits only), input H200.

After access time due to the reply signal has elapsed
and as the information from storage is taken from the
bus system, then main control will release the bus
system,

It is important that the bus system be released as
soon as possible. Remember that block control and
main control use the same bus system. If the other
control area needs the bus system, the sooner it can
be released, the sooner it can be used. Further dis-
cussion of this time-saving operation is supplied in
chapter,

ENABLE DATA BUS TO LOWER F REGISTER

58

READ ADDRESS SEQUENCE

6 & o

@ Start RADR, request bus system

@ Request storage.

@ Reply from storage.
@ Release bus system.

@ Enable data bus to lower F register.



HOO6 HOO7 -
V006 v0Oo7
NOO5
J280 MC
(
ENABLE K086 STO Ji44 RNI+ RADR
DATA BUS ‘E--2 »F
Koi2 H200
N200
+»{KOI3 N202
N204
STORAGE
REQUEST CLR."F" N2oe
Kll6 H20l N208
RELEASE . _
BUS SYSTEM < Ki34 N20| K080 (RNI)
Jida
| KIl7 RNI +RADR | N203
N205
MAIN 2
CONTROL PRIORITY N207
KOlO |'> N209
JI0O (RNT + 18 F) (MC)
| KOl
PRIORITY Note: N208 and N209 will not emit a
DELAY pulse this time, leaving the
K212 original function or upper 6
bits of F1 the same.
L pf K213
—

Figure 219. F Register Enables

V008: EXX2 to the lower 18 bits of F1; EXX2 to DB be considered the first branching point for data flow.

register; test interrupt In this case EXX2 feeds F register. You will note
EXX2 feeding DBregister also, but the transfer is not
used for this sequence.

(570) k086

O-»{ Hoos
Voos

Figure 220, V008 Time R E
DATA A % X Lar
. o BUS X 2
The data bus to receivers to EXX2 path is maintained
by a static enable, Note on the block diagram that
EXX2 is in the flow path from storage to main control
as well asto standard arithmetic. EXX2 could actually Figure 221. RADR Data Path
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MAIN CONTROL

BKPT .
SWITCHES | T0 3 BUS
i3 BITS 13 0TS s miTs via E--8
cr-2 )
SET || l> 1
—
e LU= L o oan
T
cLR——— e ue |l via I
24 BITS s TS
—p  E--2 B
2
10 + > 10 A
/ MASK C
Fl—»| REGISTER] Flar
10— a|
me
TS BiTs
Fl—s
°— g2
[
| The]
N =5+ires _—
W |
19— g3
e

BUS SYSTEM \

2! LK CONT
24 BITS . {FI(“. "’{1‘ ARITH |-
Kré' 24 BITS C coNT 1/0 PARITY
w—s{T7 24 BiTs Ck /GEN
tacy z0 Ez
165 —»f
STORAGE MULTIPROGRAMMING MODULE DBR
RIGHT DATA BUS pl, DBR cr-2 DBR
TR o \ v R7-- T7-- #
T
R75 Y 0 T7S T L
- ¥ - - TR - —
28 BITS DATA—> " hid
J75 - R <«—DATA 24 BITS
z '3 BITS et
- M
370 2 csL BKPT
Al sToe
R70- T70-
LEFT DATA BUS
12 BITS csL ILLEG
RIGHT 5 BUS Ly uy , Ay wRITE
Tn o>C s
REA
/\ 13_BiTS GaTE |GRive] z* _
- BI0DE cm
[re-] aith 14| | oovomes s
S sz PAGE D| ¥
<« ADDRESS 18 81TS AL3
Z Z N & 1
R60 M s| e o) s X = C -]
\/\  LEFT s BUS Al zaxeaxz | 1] TRANSLATIONS  STO
T ] v REQ
y 5 aiTs
BIOBE X
warm | 1 [res-]
r 9 BITS AIVE Ze oo =
52 3 v
T3 3

Figure 222. Data Transmission for RADR

V009:

REDECODE INSTRUCTION
READ ADDRESS SEQUENCE

@ Start RADR, request bus system

@ Request storage.

®

@ Reply from storage.

@ Release bus system,

56 6

@ Enable data bus to lower F register.

@ Redecode instruction.

12
2
(3]

V008:

HLEGAL WMITE

Input to HO082, test stop.

(RADR) ko83

HO082

HOO9 O
V009

Figure 223. End

RADR Time

Redecode time is less than decode time from RNI
because function translation is static; the only new bit
that can affect the translatorsis bit 17, Bit 17 is trans-
lated rapidly (fewer inverters) and will be translated

by V082 time.

END RADR

SEQUENCE

1

6

o

RE}.@ D ADDRESS
13

!

560 &



@ Start RADR, request bus system @ Redecode instruction.

@ Request storage. @ End RADR
@ Reply from storage.

@ Release bus system.,
V082: Progress to the next storage reference cycle
@ Enable data bus to lower F register. according to the (F1).

(RADR) K083
END OF RADR

V082 will set K112/113 (no

i which wri 1 -
index) which will a;lov'J an HOO8 HOO9 HO82 L NEXT
other sequence to be initi- MEMORY
ated. Which sequence is voos8 V009 REFERENCE
initiated depends on which ) RNI
sequence control FF is set. ABNORMAL INT. Ji42 RNI F500— o K080
RADR FF will not be cleared + NEXT
if another RADR sequence INTERRUPT SYNC.
is required. After RADR TI-RFAP KO 8I
sequence the sequence pro-
gression can occur in any of the following ways: RADR
RADR to RADR if another levelof indirect addressing K082
is required; RADR to RNI if the instruction was initi-
ally a 01.4; RADR to ROP or RADR to STO for all in- 1
structions which use ROP + STO and can use RADR, 2225} F50I —&)—N K083
ROP
ROP F400 —>o-> K084
NEXT
REVIEW K085
You should be able to fill in the blanks without re-
ferring back to the text.
STO F402 K086
READ ADDRESS SEQUENCE NEXT ‘
5 S o6 o

Figure 224. Sequence Controls Advance

OPOOOO®O ©
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204

AD NEX READ
INSTRUCTION ADDRESS
RNI RADR

ENTER RN! FROM ENTER RADR
PREVIOUS RN, FROM PREVIOUS
RADR,ROP OR STO RN
INITIATE
A STORAGE
REFERENCE
OBTAIN
BUS
USAGE

REPLY

OBTAIN REPLY
FROM STORAGE

'STORAGE READ STORAGE
[CONTENTS OF ADDRESS| TIMEOUT
IDESIGNED BY (S) ARE
READ INTO Z

(Z) » BUS»EXX2»DBR

RELEASE
BUS
Bxx2 EXX2
GATED TO GATED TO
F FL
PROGRESS TO NEXT
SEQUENCE AS DETERMINE|

BY F TRANSLATIONS
T0

Notice the similarity between
RNI and RADR.

Figure 225. RADR Big Picture

SELF-EVALUATION QUIZ ON CHAPTER 8

TRUE OR FALSE:

1. RADR sequence is available for all instructions
in the 3300 repertoire.

2. RADR sequence may be entered only from RNI
sequence.

3. If the system is in Program State, the upper three
bits of address are supplied by ISR.

4, TFor a 47 or 54 instruction, RADR does not mod-
ify bits 15 and 16 of F.

5. An illegal write signal may never occur during
RADR.

6. Interrupts are not sensed during RADR at V010
time.

7. During RADR, storage places only the lower 18 bits

of the selected address on the data bus.

8. If indexing and RADR are both specified by the
instruction in F, indexing will occur first.
9. Indexing will never occur after RADR,

10. More than one level of indirect addressingis per-

missible with the 3300.

Score yourself:

You should not have missed a single one,
If you missed one, you probably were careless.

If you missed two or more, you'd better study the

chapter again.



CHAPTER 9

READ OPERAND SEQUENCE

INTRODUCTION

During the read operand sequence the lower 15 bits
of address is obtained from F lower 15 while the up-
per 3 bits may be obtained from OSR, ISR, or they
may be 0s depending on the Mode and State of the com-
puter. In many cases the lower 15 bits of address
may be modified by indexing. For more information
about specific instructions refer to the 3300 Reference
Manual.

The steps in ROP sequence are:

1.

&

o ®=

10.

11.

At the end of RNI or RADR or a previous ROP
sequence, start ROP and request bus priority.
Obtain bus priority.

Transmit a READ signal and transmit the stor-
age address via the CPU S bus.

Transmit a storage request.

Test breakpoint. Set Breakpoint Stop if BPO is
selected and the breakpoint address equals the
operand address. (Main control waits for the
selected storage module to reply.)

Receive and resynchronize a storage reply; use
this signal to start the main timing chain.

Stop if Breakpoint Stop is set.

Clear the DBR.

Gate data from the bus to the DBR.

Start arithmetic section. Arithmetic sectionthen
performs the operation specified by F code.

End ROP. Set the correct storage sequence con-
trol FF to execute the appropriate sequence next.
If another ROP is necessary, as after the first
cycle of a 48-bit precision load, ROP remains
set and another ROP sequence is performed.

205



Figure 226 is a System Block Diagram.

Note the

heavy black line originating at the F register which
illustrates the transfer path for the address to stor-

age,

Also note the heavy dashed line originating at

the Z register of the Storage module. This line which
terminates at the A register depicts the transfer path
for data if we were doing a Load A instruction.

Figure 227 is a simplified Address Flow diagram
for the 3300 if relocation is to take place.

DETAILED TIMING

ROP is used for load, add, subtract, multiply, and
divide instructions.

To read an operand from storage, several steps
must occur:

1.

2.
3.

208

Request Bus System (K000/001) (F Lower holds
address of the operand.)

Obtain Bus Priority (K010/011).

Transmit Address in F Lower on S Bus to the

14,

15.

Do not transmit Write signal (T655 = 0).
Transmit Storage Request (K116/117),

Test for breakpoint stop if BPO (K134/135).

Wait and resync reply from storage (V061).
Clear request bus (K000/001 by NOOO).

Time out access to allow storage to read and place
word on data bus.

Clear DB register (V007).

. Stop if BPO,

Gate data bus to DB register (bus to EXX2 to DB
register). Set start arith 2,

Test for stop (cycle step mode or instruction step
and end of instruction or STOP pressed and end of
instruction).

Advance storage reference controls to RNI + ROP
+ STO.

Progress to next storage reference if not stop.

MAIN CONTROL BASIC ARITHMETIC

Multiprogramming module.

BKPT
SWITCHES

ARITHMETIC

15 BITS

o]
[

—

SENSING

T0 S BUS
YIA E—-8

15 BITS 15 BITS

CT-2 —
SET

tﬂ{ﬂ
—n
R——=—%

CLR—=
Fi—n

MC

p!

e T

ISR+ OSR+
CIR+SCR+ fyc
INT _MASK-

p2 p3

MC

MC [T/ STATUS

Fl = nTEnmupT|

¥l —»| REGISTER|

WASK

0IGIT
SWITCHES

/—\

70 Fl.gb

SUM
(oP ADDER) |

DBR!

-

A —————
BUS SYSTEM »”

STORAGE

RIGHT DATA BUS

24 BITS

24 BITS

! BLK conT

{,. MAIN T°{1‘ ARITH r
T0

© cont I/0 PARITY

24 BiTy Cx /oEN

«- ADDRESS

18 81T ALy

DBR

T
TRANSLATIONS
AV,

24x84X2

B 10D
_MATRIX

3
LOOK AHEAD L3
| sete cvece ve-

ILLEGAL WRITE

CHANGE
DETECTOR
NETWORK

v
Ej
2 T Tess
” -
I —_

STO
REQ

o CoND
ReouesT  PES | (Ta I et
- g
Moo et iz Tl CHAR
drs- YT AsivioR
i}-——-r TRANS

Figure 226. Data and Address Flow



CURRENT ADDRESS REGISTER —S2

P REGISTER

Sz UPPER3

170 CYCLE 170 CYCLE

{EXEC)(ROP+STO +BDP OP.CY)
(STO & RTJ)

ISR

[(PrROG. STATE)}[{RNI+RADR)+
{(ROP +5T0 +BDP OP. CY.HOSR SELEC

RNI + SWEEP
+ ENTER

F_REGISTER

RADR + ROP
+ STO

BK PT SWITCHES

R/W STO + R/W R.F.

+(STO &RTJ]
O o ——
000 ? -
EXECUTIVE
+ cPU
MONITOR [{RNI+RADR)+(STO&RTJ) + s BUS
(ROP+STO+ BDP OP. CY.){OSR SELECTED)]
—
[iz_1s] ha 1l 10 0908
. . T~ y;
PAGE FILE
23 12 1l 00
000 ool
Ze Zo
76 77
CPU ADDR. __ oZ_ CPUADDR.
BITH BIT Il
11 100908 020l oo
[e]p L] P. A [pr] PARTIAL
N — B—————v——-—’ N——;
ADDER
SN \
e ] [13 10 09508
C.PU. ADDRESS /
f‘ BITS 09810 T0
MODULE 8K
ILLEGAL SELECT COORDINATE
WRITE SWITCHES
ADDRESS

STORAGE
REQUEST

RIGHT OR LEFT

Figure 227.

DETECTOR K

—C

3300 Address Flow

Oq INPUT TO RELOCATION

ADDER (NO END AROUND CARRY})

Oq OUTPUT FROM RELOCATION

STORAGE
S BUS
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Bus priority

Storage reply

granted (resynchronized)
From RNI + RADR Reques',t ‘ F to S bus > Transmit Drop bus _.@
+ ROP sequence bus priority via EXX8 storage request request
Transmit Test for
read signal BPO stop
to storage
BPO stop Step + stop

Release bus and

Access time-out drop storage request

if first cycle of
double precision

Clear DB register

Figure 228 graphically shows the ROP sequence of
events.

During ROP sequence main control must acquire an
operand from memory, place it in the DBregister, and
start the arithmetic section.

The major timing for an ROP sequence is shown in

figure 229,
Rl;:iAD OPERAND SEQUENCE
L4}

! 5

@ Start ROP; request bus system.

6

®

@ Request storage.

@ Reply from storage.
@ Release bus system.

@ Enable data bus to DB register; start arithmetic,

@ End ROP,

Fieure 229, Major Timing of ROP Sequence
g Y g 1

o
[
w

Advance
sequence controls

Initiate next storage
cycle as determined
by instruction in F

(RNI + ROP + STO)

Bus to DB regis-
ter via EXX2;
start arithmetic

Figure 228. Flow Chart
of ROP Sequence

START ROP; REQUEST BUS SYSTEM

READ OPERAND SEQUENCE
{(

o

@ Start ROP; request bus system.

If (End RNI -
V380:

If (End RNI
V082:
V380:
V109:
V210:

If (End RNI -

Indexing . Go)
End of RNI; set K000/001 (Request Bus)
and K084/085 (ROP).

- Indexing) + (End RADR * Indexing)

End of RADR.
End of RNI.
Input H110 (If Arithmetic Busy)

Set KO00/001 (Request Bus); clear
K112/113.

Indexing) + (End RADR - Indexing).

set K112/113 (No Index)

V380 or V082: Set K100/101 (Start Arith 1).
V659/V109: Input H100, Input H500.
V530/V100: Clear K100/101, Input H501, set

V501
V502
V503:
V210:

K110/111 (Enable 10 to F).

Input H110
Set K000/001 (Request Bus) and clear
K112/113.



V380 END RNI
F424 START ARITH.

J149 START INT,

V082 END RADR F604
¥m4 T 604 INDEX V23
°710 F
K100 HI00 K10 HI10
vVIoOo VIO JO06
Klol KIII | REQUEST BUS
Vioo V210 K000
K572 —O— K102
NO INDEX
INDEX F504 ———O-» K|[2
END OF RADR V082 Kool
V380 END RNI
KII3 VIo9 F524 START ARITH |
K572 KO9l GO

V380 END OF RNI

F524 START ARITH

F600 RNI

Figure 230. Sequence Progression from End of RADR

Input to H110 cannot be made as long as the arith-
metic section is busy with a previous instruction.
There is no way that the arithmetic section could be
busy at this time if the progression is RNI to RADR
to ROP.

NO051: Set K010/011 (Main Control Bus Prior-
ity FF)if K208 = 1. If K209 =1, repeat
this test at the next NO051 time. Gate
F1l to EXX8 to T6XX to S bus, placing
the lower 15 bits of address on the S
bus. The upper three bits will be deter-
mined by Mode and State. Transmitter
T655 (Read) is off.

Setting of K010/011 indicates that main control has
bus priority and enables the address tothe S bus. The
address on the S bus, now available to storage, is the
address of the operand desired.

Note: If block control hasbus priority, K010/011 will
not setuntil the bus systemis released byblock
control (K208/209 going clear).

DISABLE PARITY +
PARITY ERROR JO 12

REQUEST BUS KOOI

C _PRIORITY K208

JO72 STO-RNI-
INTIATE F!—F2

REQUEST STORAGE

READ OPERAND SEQUENCE

[Pl
é (19

@ Start ROP; request bus system.

®

@ Request storage.

NO50: Input to H117,

V117: Set K212/213 (Priority 2); Set K116/117 (Stor-
age Request); Transmit request to Multipro- -
gramming module,

MOVE CYCLE 1 2356
2P54B 2P45B . 2R46A 19308
lc427|—iNos51 | | O J002 J711
MAIN
CONTROL
PRIORITY
KOI0
2Q4¢€ 2R44A Figure 231. Bus Priority
NOOS_—gf o JO03
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GENERAL BLOCK DIAGRAM
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S, DBR cr-2 DOR
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b N~ R7-- T7-- #
v! A
R75~ Yo T75- TR RS- p—
} 20 BiTS DATA—>
$Ts— R R € DATA 24 BITS
4 “oD =
3 BITS
470~ L13
0
g k
R70~ 70— 5
LEFT DATA BUS
RIGHT 5 BUS
TR
13 BITS
RES -~ J63— MATRIX
s PABE
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FILE -
LEFT 5 BUS 24x64x2 TRANSLATIONS 354
68ITS
TESS
COND
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_ REGUEST  FEO Nog0s
[ 4| Loox - w3 cHAR
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POSITION
WLEGAL WRITE J29- F TRANS
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.
s Ja3- 3
CHANGE
DETECTOR
NETWORK LME  fouammel | INT
SCANNER | SCANNER | SCANNER
SCANNER LOSIC
e FYTITTT
. Am:; .S, RES INTERRUPTS
Figure 232. $3 84 L -
v
Address Flow i 2 I1sls Zele INTERRUPT BUS

Main control is now waiting for a reply from storage.
Main control will compare the breakpoint addresswith
the address transmitted to storage.

K012/013 (enable data bus) is set by V115. This flip-
flop breaks the inputsto H115 and K212/213 breaks the
input to H117, thus preventing multiple outputs from
the control delays,

K004/005 (address mode) is set unconditionally dur-
ing RNI and RADR because both sequences operate in
word-addressing mode. During ROP it is possible for
word-addressing or character - addressing modes
to be used, This isdetermined by the instructionbeing
executed (for example, whether it is load A or load

210

A character). Setting or clearing of K004/005 occurs
at V115 time of every sequence.

K134/135 (breakpoint stop) will set if the address on
the S bus matches the breakpoint address and BPOhas
been selected, and if breakpoint lockout is not set. If
K136/137 (breakpoint lockout) is not set, it means this
is not the first storage reference after a breakpoint
stop. NOTE: If it is the first storage reference after
a breakpoint stop, setting of K134/135 (breakpoint stop)
must be blocked to prevent consecutive stops on the
same address.

If BPO is set, the breakpoint address is compared to
the address onthe S bus, If these addresses match



MAIN
CONTROL STORAGE
PRIORITY REQUEST
KOI0 —ﬁ HlU7 — K116
I v
KOl KN7
K212
K213 -

Kie e Q d K134 KI36

K7 K135 K137

1~24

€279 BREAKPOINT

BREAKPOWNT COMPARISON L 1-24
KI36 BREAKPOINT LOCKOUT

CLR DBR
0 He0D

400
-23 1-23

v050: Input to H113,

V115: Set K012/013 (enable data bus); set K004/005
(address mode, p.2-71%) if word-addressed in~
struction or clear K004/005 if character-ad-
dressed instruction.

Test for breakpoint comparisonif BPOhas been
selected and K136 =1 (p. 2-81).

V116:

Figure 234. Breakpoint Test

during an ROP or STO sequence the computer is stopped.
It should be noted that the 13-bit address on the S bus
is always a word address.

DB register will be cleared by H401 (at this time,
N40X) as it is during RNI, RADR, or ROP read se-
quence. It has no special value at this time but its
existence should be pointed out here.

DB register will be cleared before the operand ar-
rives from storage. (This will be explained later.)

Main control then waits for the selected storage mod-
ule to reply. Waiting time varies depending on the
status of the memory module,

Review what has occurred in ROP so far:

®
®

STORAGE
REQUEST

Figure 233. Storage Request

Main control is hung up. There is nothing that it
cando until storage replies. The reply signal indicates
that storage is processing the request and should place
the operand on the data bus after a predictable delay.

Step 3 of ROP sequence is .

REPLY FROM STORAGE

RI;Z‘AD OPERAND SEQUENCE J
T(
©) é) Gg

@ Start ROP; request bus system.
@ Request storage.

@ Reply from storage.

Ds, DIO IP56A 1Q56C 1952 1Q53A  1Q55A
—>>Hr555| #[4068]-»H068 Al-»[HO6 I |-+{VO61 |-—
HO62 B>
3
HO64 Cl>
HOo66 D>
HO68 E |
1Q4SB 10568
NOTI |4
Figure 235. Reply Resync Logic

*Logic Diagrams
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NEQUE!

[
KOH MAIN

AT Bus
CONTROL HAS PRIOWITY

WE J2m0

L

X080

SREAKPOINT
ST0P SREAKPOINT STOP J136

X134

HOO®

BREAKPOINT LOCKOUT XI3T .G Y BREAKPOINT 3TOP Xi3e —

>—n]

kize

K137

BREAKPOINT
LOCKOUT

V000-V005: Clear K000/001 (request bus) to give stor-

age module access time to store the information

from the data bus.

The reply signal (R555) indicates that storageis pro-
cessing the request and after access time the operand
will be available on the data bus.

The resync circuit is discussed in chapter 7.

Note that access time starts as soon as the reply
signal from storage is resynced., One of the first things
tooccur after the processor receives the reply is clear-
ing of request bus FF, If BPO is set, the breakpoint
address is continually compared to the storage address
on the S bus. During an ROP sequence, if the storage
address matches the breakpoint address, breakpoint
stop FF (K123/135) is set. K135 is ANDed with V003
to clear go and stop the computer.

Clearing request bus FF neither clears nor releases
the bus. When main control needs the bus system, it
requests it via K000/001 (request bus FF). If the bus
system is not busy main control receives priority and
sends a storage request. Storage acknowledges the
request by signaling that the request is being processed.
At this point the information requested has not yet been
transmitted via the bus system. In other words, main
control has the bus, thus has no need to request it, so
K000/001 is cleared. Main control must still use the
bus system, thus it has not been released. Main con-
trol priority (K010/011) remains set until V007 time
on main control timing.

]

RELEASE BUS SYSTEM
_ READ OPERAND SEQUENCE

(49
@ Start ROP; request bus system.

5

®

@ Request storage.
@ Reply from storage.
@ Release bus system.

919
aad

voos nooe

Figure 236, Breakpoint Stop

V006: Input to H401,
Kose 5T0
1 o woor | Hooe il HOO3
xi3s vooT [1-2 vecos
Ster "WS}—_‘ ENABLE 2

DATA BUS
Koiz

Jze0 WG

t—a k013
STORAGE REQUEST

304

xoto

ot

MAIR
coNTROL
PRIORITY
ORITY DELAY

Kaiz

L k213

EXX2—» DBR STRAIGHT TRANSFER
°
i-23 i-23
EXX2—»OBR NIGHT SHIFT
o | CHAR. POSITION
i-23
EXX2-—>DBR RIGNT SHIFT
o 2 CHAR. POSITIONS
u 1-23

EXX2—> DBR RIGHT SHIFT
3 CHAR. POITIONS

xose 570

CLR DBR

7|

E215
1-19

CHAR. POSITION
TRANSLATORS

23
LOWEST
TwO BiTS

oF “s” pus

KOOS WORD ADDRESSING 1-20

Figure 237. DBR Enables

K135holds VOO7to a 0, disabling the main timing chain

V007/N005: Clear DB register; operations depending
on V007 will not occur if breakpoint stop exists.
Clear K212/213 (priority 2), K010/011 (pro-
gram control bus priority), K116/117 (stor-
age request), nad K012/013 (request lockout).

srAanc Iwrac A mmtas TINN0

ot ITTAA /1AL fndowdt caadtht oeed
OETINIUE/ LU (StaTt ativiyy and Tnier ivuv,



ENABLE DATA BUS TO DB REGISTER
AND START ARITHMETIC

Data Bus to DB Register

All transfer of data betweenthe processor, I/0, and
memory require use of the data bus, the path for ex-
change of 24-bit data. All memory and I/O modules
are tied to the bus so all data transmitted on the bus
is available to each module. A unique line from the
processor to each module carries the signal that grants
bus priority.

Data from an I/O or memory module is taken from
the lines via the R5XX receiver rank and fed to the
EXX2 inverter rank (figure 228). EXX2 is also fed by
the 17 inverter rank of the processor. This provides
a path for transmission of data from processor tobus,
Data from EXX2 or CXX2 (C register) is gated into

I650 INTERRUPT TRANSLATION

DB register.

Character shifting is performed between the EXX2
rank and DBregister. Datacanbe transferred directly
or right-shifted (end-around) one, two, or three char-
acter positions. These shifts are controlled by the
H4XO0 control delays. Duringcharacter addressing one
of these delays is pulsed according to the translation
of the lower two bits of the character address. This
then gates the selected character from EXX2 into the
lower six bit positions of DB register,

The contents of DBregister are transmitted over the
bus by the T5XX transmitters. Information which may
be transmitted includes the complement of the contents
of DB register, the complement of the contents of P
(used for a return jump or interrupt), and the comple-
ment of the BCD characters contained in DB register.

Shifted transfers (EXX2 to DB register) are enabled

I700 E002 —0-
BIT 6 EO062 O—
O
BIT 12 EI22 /0 JL
Rrool BIT 18 EIB2 /O—- E000
BIT O-C REG. C702
—>{ EOO!
I65
170! —#)— EOI2
L <
BIT 7 EOT2 O
[
Qasol }
4 BIT I3 EI32
| r ]
R701
BIT 19 E192 o EOIO
w000 BIT I-C REG. C712 )
GATE 17
TO E--2 N4io < EOII
E--2 —> DBR
wol0 DIRECT DATA BUS
GATE DATA FROM N420 REGISTER
STORAGE OR I/O f--2 —» DBR
T0 E--2 RIGHT SHIFTED c':;f; oBR
ONE CHARACTER
POSITION
N430
E--2 —» DBR
RIGHT SHIFTED
TWO CHARACTER
POSITIONS
N44o
Figure 238 E--2 —» DBR

Receiver to DBR Circuits
Showing Possible Shifts

RIGHT SHIFTED THREE
CHARACTER POSITIONS
OR C —» DBR DIRECT
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for character-addressed instructions by clearing K004/
005 (address mode) at V115 of the storage reference
(see figure 239).

K004/005 is set at V115 time of the storage refer-
ence for word-addressed instructions. This permits
only a straight transfer from EXX2 to DB register.
Both straight and shifted transfersof EXX2 to DB reg-

LDA
CHAR OTOA

Figure 239. DBR Transfers

START ARITHMETIC

L |

REiAD OPERAND SEQUENCE

—
T( $

&8

@ Start ROP; request bus system.

@ Request storage.

@ Reply from storage.
@ Release bus system.

@ Enable data bus to DB register; start arithmetic.

ister are 24-bit transfers with the shifted transfers
being right end-around (except for 1/0).

K042/043 is set by V115 and cleared three phase
times later by an N4XX term. This allows correct
translation of the character address bits for a Read
operation.

LDA LDA
2 TO A 3 70 A
L1 1 xx LI 1]
RT I STRAIGHT
| | Exx! |
RSXX REX X

DATA BUS (24 BITS)

END ROP

R.EiAD OPERAND SEQUENCE

Sl

@ Start ROP; request bus system

66 o

@ Request storage.

@ Reply from storage.

@ Release bus system.,

@ Enable data bus to DB register; start arithmetic.

(6) End ROP.



MAIN CONTROL

BASIC ARITHMETIC

8KPT [ ARITHMETIC
SWITCHES SENSING
To s BUS .
is BITS 15 8iTS 15 mITS VIA E=-8
CT-2 ——>f
— P14 i i
seT 3 isnrosns | A Q
2 ] Pt e ez | e3 7o oan cinssct fuc o
cLr—=—3 e ue ! e via 7 lt/o sTaTus LY
24 BITS 18 BITS
1. 1° 1!
10 A2 To Fl-ab
Ft _{!I 15 oM Sum ET)
MASK F (OP ADDER) | X a2
— z
F1—»| REGISTER] o
15
sits
To x!
16
To
DBR
VIA
17
DIGIT
SWITCHES
e
®e

24 BITS
Fl 24
13 ”
(8c) 20 res
STORAGE MULTIPROGRAMMING MODULE _6-
RIGHT DATA BUS Bl DBR
\ . . Y o RT-- T7--
¥! A L
Y0 R50— T75- e
28 BITS DATA—>
R < DATA
z
c

BUS SYSTEM
z! BLKk coN
{Fu MAIN T°{r4 ARITH ¥
T0
BITS C CONT /0 PARITY
24 BITS CK /GEN
3
-2
DBR [—
c7-2 D8R
B
RS-- T8-—
24 BITS
1

LEFTA = 2 BITS CISL ILLEG
— S)B(us READ R::D > ALS STO
13 8ITs GATE Jorive| 2° PROTECT
. it 11| | v
24x64X2 !IE
warmx | 1
Pl o Figure 240. Data Flow for ROP
CYCLE
ld————s [/ TIMES~—->l
START
ARITHMETIC
SECTION  _ _______ S
N659 |H5-0 [~ —»H5-5 i
=== | -7 1
V379, V525,
Jo15
ROP KOO5 VO009: Imput to H104;* input to HO84; test stop.
!START ARITH. 2 V104: Clear K104/105 (start arithII) permits only one
KlO4 = HIO4 start pulse from N691.
Vio4 —
*H104 receives its input the next odd time after setting
VOOS - K05 —V|09 ARITH BUSY of K104/105, The arithmetic section cannot be busy
K572 WAIT FUNCTIION at this time, asithad to be free to start ROP sequence
(the input to H110).
p
HOO09 HO84
V009|
ROP KOO5 Figure 241. Start Arithmetic on ROP
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V084: Progress to next sequence according to (F 1).*

It should be noted that end ROP (V084) cannot set
RADR because there is no progression of instructions
from ROP to RADR,

Sequence progresses to RNI or STO. For progres-
sion to RNI see initiate RNI control delay in chapter 7.
(Note the input that would be used at the end of ROP.)
If, instead, progression is from ROP to STO, two re-
place instructions, 10.0 (storage shift) and 34.X (re-
place add), are used.

V009: LN nerehnee

{34+10.0)F303 —%—l %090
NOTE: V008 started OF + MTERRUST o
the arithmetic sec- waon
tion for actual load- wosz
ing (adding, etc.) of wos3
operand. Refer to —
figure 242 which e
shows the load A

$T0
flow operation. The R [
arithmetic area will wos?
run by itself without
control from a se-
quence, For a com-
plete discussion of
the arithmetic sec-
tion operations refer
to chapter 12.

Figure 242. End ROP Timing

REVIEW
You should be ableto fill in the blanks without refer-
ring back to the text.

READ OPERAND SEQUENCE

T

©
©o—

QOOEOOO

[ ]
[+>]

5b o

AD NEX READ READ
INSTRUCTION ADDRESS OPERAND
RNI RADR ROP
ENTER RNI FROM ENTER RADR ENTER ROP
PREVIQUS RNI, FROM PREVIOUS FROM PREVIOUS
RADR,ROP OR STO RNI RNI OR RADR
INITIATE
A STORAGE
REFERENCE
OBTAIN
BUS
USAGE

TRANSMIT ADDRESS TRANSMIT ADDRESS
P) (F)

TRANSMIT ADORESS
(F)

REQUEST STORAGE

REPLY
OBTAIN REPLY
FROM STORAGE
STORAGE READ STORAGE
ICONTENTS OF ADDRESS| TIMEOQUT
DESIGNED BY (S} ARE
READ INTO Z
(2) » BUS»EXX2+DBR
RELEASE
8sus
B2 02 R)
GATED TO GATED TO TED TO
F F ROPRIATE
REGISTER
OR EXECUTION
PROGRESS TO NEXT
SEQUENCE AS DETERMINE

BY F TRANSLATIONS
TO

Figure 243. ROP Big Picture

w3

V084 would not occur if this were the first ROP cycie

of a double-precision instruction. J063 will be a 1 to
block the end of ROP if more than one ROP sequence
is required to accomplish this instruction.



SELF-EVALUATION QUIZ ON CHAPTER 9

TRUE OR FALSE (T or F):

1. ROP sequence may be entered from RNI, RADR,
or ROP,

2. ROP always exits to RNI or another ROP.

3. ISR is never referenced for the upper three bits
of address during ROP.

4, During ROP, storagewill place either six or 24 bits
of data on the data bus.

5. During ROP the gating of EXX2 to DBregister may
be a right end-around shift to allow for character

handling.

6. Interrupt may never be sensed during ROP.

7. A BPO is possible on the second ROP of double-
precision instructions.

8. P is never advanced during ROP,

9. V110 must always be used to set request bus FF
for ROP.

10. Go FF will never be cleared during ROP,

Score yourself:
Only a perfect score is passing.

If you missed one or more, you've failed!
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CHAPTER 10

STORE OPERAND SEQUENCE

INTRODUCTION

During the Store Operand (STO) sequence, new in-
formation (taken from an arithmetic or control reg-
ister) is stored in the memory location specified by
the 18-bit address placed on the CPU S bus. The low-
er 15 bits are obtained from F lower 15, while the
upper 3 bits may be obtained from OSR, ISR or may
be 0s, depending-on the Mode and State of the system.
The STO sequence may be entered from an RNI, RADR,
or ROP sequence. STO is entered following an RNI
when initiating an interrupt routine. If Store AQ is
being executed the STO FF remains set at the end of
the first STO and another STO is performed.

The steps in STO are:

1. Set STO at the end of RNI, RADR, or ROP, or
continue with another STO.

2. Perform indexing if required.

3. Request bus priority.

4, Obtain bus priority. (Wait if bus is being used.)

5. Transmit a write signal and the write designator

signals and transmit the storage address from F

via the S bus.

Start arithmetic.

Transmit a storage request.

Clear X and A2,

For a store A, gate I2XX to X. (AT to I2XX is

enabled when F code is translated by F2 trans-

lators during RNI.)

10. Enable DBR to the T5XX transmitters of the data
bus for all instructions but return jump (for STO
sequence of a return jump and STO occurring on
initiation of interrupt enable Pto the TS5XX trans-
mitters).

O 0 1 DN
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11.

12,

13.

14,

Test breakpoint. Set breakpoint stop if BPO has
been selected and the breakpoint address matches
the operand address on the S bus,

Test storage protect. Set illegal write if a pro-
tected storage location is to be referenced.
Clear DB register. -

Gate EXX2 to DB register, (DBR) to T5XX. (For
an STO involving A or Q, data from X register is
enabled to I7XX to EXX2 as soon as the function
code is translated during RNI. If a store index
instruction is to be performed, BP to I6XX, I6XX
to I7XX to EXX2 is enabled when the function code
istranslated.) Main control now waits for the se-
lected storage module to signal a reply. Waiting
time depends on status of memory module,

P -

15. Receive and resynchronize a storage reply; use
this signal to start the main timing chain.

16. Stop if breakpoint stop is set.

17. Clear DB register,

18. End STO. If in the first cycle of a 48-bit preci-
sion store instruction, STO remains set and an-
other store sequence is executed. If another STO
is not necessary, RNI is set.

DETAILED TIMING
This sequence is used by instructions which place
data in core storage. Refer frequently to figures 244

and 245 as you progress through the detailed timing of
STO.

., —-------------.-
a BKPT .l ~ LY ARITHMETIC
switcHes 10 5 BUS SENSING
is BITS s mTS s mITS VIA E--%
cr-2 . -- ] i
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| — ISN+0SR+
92{—- P! E p2 p3 10 D#R CIR+SGR+ |uc mc
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L - I M —_ via 17 e status —* teiem
;EE ' 24 BITS 18 BITS
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Figure 244. Address and Data Flow for STO



URRENT ISTER ~

P1__REGISTER

S2 UPPER 3 F_REGISTER

1/0 CYCLE 170 CYCLE

RNI + SWEEP BK PT SWITCHES

+ ENTER

(EXECYROP+STO+BDP OP.CY)
(STO & RTJ)

RADR + ROP
+ STO

(ROP +ST0 + BDP OF. CY.){OSR SELECITE
+(STO & RTY)]

R/W STO + R/W R.F.

EXECUTIVE

CPU

4+
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(ROP+STO+ BDP OP. CY.)(OSR SELECTED)]
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23 2 i 00
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Figure 245. Address Flow
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To store an operand in core, several steps must
occur:
1. Request bus system (K000/001); set start arith.
Lower F holds address of operand.
2, Obtain bus priority (K010/011).
3. Transmitaddress from lower F onS bus to storage.
4. Transmit write signal and write designators (T655
=1).
Transmit storage request (K116/117).
Enable DB register to bus.
7. Test for breakpoint stop if BPO (K134/135); drop
write signal if breakpoint stop.
8. Clear DB register.
9. Gate EXX2 to DB register. 17 is enabled to EXX2.
10. Wait and resync reply from storage (V061).

[o 99}

11. Clear request bus (K000/001).

12, Time out access to allow storage module to store
word.

13. Stop if BPO,

14. Advance storage reference controls to RNI + STO.

15. Progress to next storage reference if not stop.

Figure 246 graphically shows the STO sequence of
events.

During STO main control must place an operand on
the data bus, makingitavailableto storage. Main con-
trol will start the arithmetic section about the same
time as storage is requested.

The arithmetic section will move the contents of A
or Q register to X register from where it will be en-
abled to I/ to EXX2 and then gated to DB register.

Bus priority Storage
granted reply
From
RNI + RADR Request F register Transmit g Clear bus @
+ROP + STO - bus priority to S bus storage request
sequence via EXX8 request
Start Transmit write Test for Drop write if
arithmetic| | signal and —1 BPO stop and |—#4 BPO or illegal
if replace | | designators illegal address address
Enable DB
register to bus | Cle{a.r DB L > EX)'(2—>DB
IXX7— EXX2 register register
BPO stop Step + stop
Release bus,
Access | gl drop request Advance Initiate next storage cycle (RNI + STO)
time-out for storage sequence as determined by the instruction in F
and write controls
F. +1—F L
first cycle of
double precision Figure 246. Flow Chart of STO Sequence

STORE OPE RJH'ID SEQUENCE

06 & ¢

Major Tilwming vl STO Seyuence

5 o

rigure 247,

[ R]
o
]

@ Start store (STO); request bus system.
@ Request storage; start arithmetic.
@ Word to bus.

@ Reply from storage.

@ Release bus system,

@ End STO.



START STO; REQUEST BUS SYSTEM

@ Start store (STO); request bus system.

V380/V080 (end of RNI) or V082 (end of RADR) or
V084 (end of ROP): Set K086/087 (STO); clear K084/
085 (ROP); set K112/113 (RNI Index). Note
that the end of any previous sequence could
start STO.

Input to H110

Set K000/001 (request bus); clear K112/113
input to H105.

V109:
V210:

If no address modification is needed, K112/113 (no
index)will set at the end of RNIor RADR or for the two
replace instructions at the end of ROP.

Notice that STO is the third sequence which requires
V210 to set request bus FF. What were the other two
sequences?
What term did the one remaining sequence, STO, re-
quire to set K0O00/001 (request bus)?

Input to H110 cannot be made if the arithmetic sec-
tion is busy from a previous instructiomn.

J006
VIO® ARITH BUSY
NO K572 WAIT FUNCTION
( ) INDEX REQUEST BUS
VO B8O)RNI—STO
(vo82)RaDR®sTO P K!!2 H1I0 Kooo
(VO84)ROP— STO VIIO
KII3 HI120 V210 —| KOOl
(VOBO)RNI —»STO
(VO82)RADR — STO K086

(vO84)ROP —»STO

HI05 —»H 106
VIOS H 126

Figure 248. STO Sequence Initiation

REQUEST STORAGE AND START ARITHMETIC

STORE OPERij SEQUENCE
$ L4

@ Start store (STO); request bus system.

@ Request storage; start arithmetic.

*Logic Diagrams

Start Arithmetic

NO51: SetK010/011(p. 1-3*)if K208 =1, If K209=1,
repeat this test at next NO51 time: Whenprior-
ity is granted (indicated by setting of K010/011)
gate F1 to EXX8 to T6XX to S bus; gate EXX8
to EXX7 to EXX6; T655 (read) is on; transmit
write designators of 011115,

V126: Set K104/105; start arith 2.

The arithmetic, once started, will transfer the con-

tents of A register or Q register to X register. Main

control can cause the enables for X to I’ to EXX2.
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Fi—»| REGISTER]

SUM
{opP ADC

auto
LOAD/ P’

DUMP
ADDRfSS T To x!
c7-2
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DBR
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DETECTOR
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v
INTERRUPT BUS STARNG DUS

Request Storage

Figure 250. Address Transmission for STO

NO050: Input to H117; at this time V126 is setting K104/ 2. A storage request has been transmitted along with

105 (start arith 2).

a write signal and the write designators to the stor-

V117: Set K212/213 (Priority 2). Set K116/117 (stor- age module.
age request). Transmit a request to the Multi- 3, Main control is comparing the breakpoint address

programming module.

with that on the S bus for possible BPO stop.

What has happened up to this point of the STO se- 4. The address on S bus is being compared with the

quence?

STORAGE PROTECT switches; checking for illegal

1. Arithmetic -section has been started and is gating write. The Multiprogramming module will also

(A) to X register.

check for illegal write.
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J217 ' STORAGE
J21a %0 T650 REQUEST
0DD RAW EVEN RAW
CLock cLoCK
MAIN
CONTROL STORAGE
REQUEST BUS PRIORITY REQUEST
K000 O kKolo — HIIT Kii6
vVIIT
KOOI KO1l KT

K212

K208 BLOCK CONTROL PRIORITY
7356 MOVE CYCLE |

JOI2 PARITY ERROR + PARITY DISABLED

Write Signal and Illegal Write

During a storage reference in which data is to be
stored, the storage module receives a write signal
which is generated in the CPU and relayed by the
Multiprogramming module. If this write reference is
illegal, the write signal will be changed to a read sig-
nal. If the system is in Executive mode when an ille-
gal write occurs, an abnormal interrupt will be gen-
erated. In the CPU, J132 senses for an illegal write;
in the Multiprogramming module, J440 senses for an
illegal write.

J132 goes to 0 when:
1. (Exec) (Disable Storage Protect) (storage protect

I

C.P.U.

Ji30 |

WRITE

| MULTI-PROGRAMMING
I MODULE

Figure 251. Storage Request on STO

switches compare with the Address on the CPU S
bus).

2. (Exec) (address on the CPU S bus is in the Auto
Load or Auto Dump Area).

3. (Program State 0) (Disable Storage Protect)(storage
protect switches compare with the lower 15 bits on
the CPU S bus).

4. (Exec)(Keyboard Bus Priority)(address on the CPU
S bus is in the Executive Auto Load or Auto Dump
area).

J440 goes to 0 when:
1. E=1.
2. Bits 09 and 10 of the CPU S bus =PL.

I
l
| STORAGE
|

K796
I RIGHT BUS

READ STORAGE
K760

ILLEGAL WRITE

Ji32

Figure 252, Write Signal Path

Write Designators

 For instructions using character addressing, the
character translations from E008, E018, E208, and
E218 determine the write character designators (0-3)
which are transmitted to storage to determine the
character(s) to be written during a store character
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J440
ICLEGAL WRITE

K761
WRITE STORAGE

M-.}.C. GO9I
TIOS0 « PARITY ERROR

operation.

‘Referring to figure 253: During STO sequence of a
word-addressed instruction, T660to T663 transmitters
will be turned on, This will be a full-word write of
all four character positions, The J295 to J298 terms
will have their inputs all at a zero level.



MC PRIO+2ND STO CYCLE Ji28

J292 Z'-BIT I9+4EN CI_I-‘I|O+2+4+6

2
~ 2P52A 2P45D 2R88B  F5,F6
E208_ 4255 4295 Te63]|—>>-rE
WRITE
‘ 24688 2 H CHAR 3
CHAR o>—»{r763[—)>—18
DESIGNATORS 1 F5,F6
2P528 2P41B 2R8BA 2 H|
E90% o 1256 J296 Tes2]|——>>—rE
= F3,F4
. d ! WRITE
CHAR ADDR+ RNIWi5I 2068A 54 CHAR 2
BC-24 BIT J773 1762 —>>—L8
WRITE Ki4l
J129
MC PRIO-+CPU WAIT 198
z838 z! -BIT 19
J980 EN CH 0+2+4+6
l’ 2RB7B 2
- 2P53A 2P43 B 4
Eoig J257 J297 Te61 [|—>>—re]
E208 FifF2 | wrITE
) ::]% oHI CHAR |
T761 ]—)}—LB
CHAR Fl,F2
DESIGNATORS |
1981
2P538 20648 2H>I_RB_
cove | | 22 .
| Eoig ~ !"zsf_J 4298 E3jo | wRITE
p 2J70A 2H2 CHAR O
>LB
€910 -
wisl ¢ JOll MC PRIO
F425 (46){2ND STO CYCLE)
Jizo
ENCHO+2+4+6 J773 15 BIT WRITE F609
2R89A oy
o} 33rs
FIF8 | wriTE
21694 op» ADDR
764 >—LB
F7F8

Figure 253, Partial Write Bit Transmission

For a store A character, the position at which the
character is to be stored determines the transmitter
that will be turned on. E008 and E(018 are the com-
plement of the character position, E208 and E218 are

character position.
The other terms are used with store word address,

store character address, interrupt sequences, or in-
put operations

If BPO is set, the address on the digit switches is
compared to the address on the S bus. If these ad-
dresses are equal during STO, the computer will stop.
Sensing of Breakpoint Stop takes place at V116 time.

K134/135. (Breakpoint Stop) sets if: The addresson
the S bus compares with the address in the Break-
point switch, BPO is selected, and Breakpoint Lock-
out is not set. If K136/137 (Breakpoint Lockout) is

F609 15 BIT WRITE

JOU MAIN CONTROL PRIORITY
F425 {46)(2ND STO CYCLE)

not set this indicates this is not the first storage ref-
erence after a breakpoint stop. Note: If it is the first
storage reference after a breakpoint stop, setting of
K134/135 (Breakpoint Stop FF) is blocked to prevent

stopping a second time at the same address.
The character translators also determine setting or

clearing of E204/205 and E214/215. During a write
character operation, the outputs of these flip-flops
determine the character transposition necessary to
gate a character from the EXX2 to the lower bit posi-
tions of DB register. EXX2 is also fed by the 17 rank
of the processor. This provides a path for trans-
mission of data from the processor to DB register.
The data from EXX2 is gated into DB register.
Character shifting is performed between the EXX2
rank and DBregister. Datacan be transferred directly
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or right shifted (end-around) one, two, or three char-
acter positions. These shifts are controlled by the
H4X0 control delays. During character addressing,
one of these delays is pulsed on the basis of the trans-
lation of the lower two bits of the character address.
This then gates the selected character from EXX2 in-
to the lower six bit positions of DB register.

N050: Inputto H115

V115: Set K012/013 (request lockout) and K004/005
(word addressing mode); input to H400. Set
K042/043.

V116: Testfor breakpoint comparisonif BPO hasbeen
selected and K136 = 1; input to H401.

N401: Clear DB register; input to H410 (if 24-bit

store).

J272 ILL WRITE 00.7 STO CYCLE

RADR KO83

R312 ILLEGAL WRITE
FROM PAGE FILE

SAMPLE STO PROTECT V216

EXEC J223 ILLEGAL
WRITE |
J130 K32
2C2—-BIO
K133 J178 L977 —
MC J283. a6 —
ILLEGAL WRITE 2
F845
CLR ILL.WRITE
NO50 BREAKPOINT  BREAKPOINT
sTOP LOCKOUT
KIe/117 HLIS »[Hli6 Ki34 K136
VIS |vu 16
KI35 KI37
STORAGE
50
REQUEST £279 BKPT NS0 &
K090 GO
LOCKOUT COMPARISON
Ko12 CLR DBR
H400 H40! > H4X0 {EXX2 TODBR)
Koi3 N400 N40O-
Figure 254. Breakpoint and Illegal Write Test
WORD TO BUS

S8TORE OPE IE‘ND SEQUENCE

I 5

@ Start Store (STO); request bus system.

@ Request storage; start arithmetic.

@ Word to bus.
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N410: Gate EXX2 to DB register (static enable of X
to17 to EXX2);transmit the contents of DB reg-
ister on the data bus. Clear K042/043.

The transfer from EXX2 to DB register may be
straight or end-around right one, two, or three char-
acters.

The store sequence for aword-addressed instruction
will always be a straight or direct transfer from EXX2
to DB register (as, for example, in 40, 41, and 44-47
instructions).



N4OX ——
E— -2 +»DBR STRAIGHT TRANSFER

N4i—

E--2-»DBR RIGHT SHIFT |

€204
] >
Ja2si ™o H420 CHAR POSITION
LOWEST _L,—‘ L__‘__
TWO BITS E205 N42-|
OF "s"BUS "

£ —-2-»DBR RIGHT SHIFT 2

J252 H430 CHAR POSITIONS
E215 .

CHAR POSITION

TRANSLATORS E——2 —=DBR RIGHT SHIFT 3
Py EE— 171
53] . 1240 CHAR POSITIONS

i

KOO5- WORD ADDRESSING

T e

Figure 255. DBR Transfers

Character -addressed instructions may require any TO POS 2 TO POS | TO POSO TOPOS 3
of four possible transfers between EXX2 and DB reg-
ister., Which transfer path is used is determined by DBR l I |XX| ] [ |Xi(| J_] lxz(l I | I l | | I’od

the position into which the character will be stored.

1 ]
Examples of the four possible transfers are shown be- Exx2| I ! lXXJ l I I M
low. The store A character is used but store Q char- LY ¥
05 A A A

acter would be the same. ~ AOO-A

Figure 256. Operand Transmission for STO Sequence

DBR to the T5XX and T7XX transmitter enables is
turned on when K012/013 (Enable Data Bus FF) sets.

SWITCHES l 10 s BUS l SENSING 1‘
15 BITS 15 BITS IS TS VIA E—-8
ser 2 I [>14 Al
ISR+O0SR+

2d 7 pl 2 3
o {3 ¢ Eery e P /f:nsg; e

cul

T alMc M I Mc bt/ sTATus —F
18 BITS
e--2
" 10 5 > 10 a2
MASK
‘Fl—| REGISTER] Fl i
1= gl - wirs
m‘c To x!
Fl—ay : i 18]
10— B2 i—> TO
2 Via
3 . s [
Figure 257. Data Transmission pip BT i
for STO x° B3 |
m‘: 5
/ BUS SYSTEM 1/0 CHANNELS
J
24 BITS Fl MAIN o {%4!1'::?2“1 [ — m
{ To C CONT l
,Fs 1/0 PARITY
17 24 BiTS CK /6EN ROS-— TOS - Low
(sc) z0. CORE.
STORAGE MULTIPROGRAMMING MODULE — ) DBR [ J05-
RIGHT DATA BUS -

CABLE




Review the progress of STO to this time:

®

®

Main control is hung up at this point. It cannot ac-

complish anything else until the reply signal arrives
from the storage module.

REPLY FROM STORAGE

STORE OPERAND SEQUENCE

Y

§ rs3)

@ Start Store (STO); request bus system.

@ Request storage; start arithmetic.

@ Word to bus.
@ Reply from storage.

V061 (resynced storage reply)

V000-V005: Clear K000/001 (request bus) gives the
storage module access time to store the in-
formation from the data bus.

Storage Reply Resync Circuit

A reply from any one of four storage modules is re-
ceived by R555. The asynchronous reply (logical 1) is
fed to HO60 along with a timing pulse from N071. HO060/
62/64/66/68 and HO61 convert the replyto alogic sig-
nal which produces a 1 output from V061 during an odd
clock phase. This output is 62.5 nsec long and is not
repeated regardless of duration of input.

CARD TYPE CARD TYPE
Rt by
ANY STORAGE J068 HO60 CARD TYPE
MODULE CAE6
Hosz n,
PRODUCES 62.5nSEC. |
HO64 HOé&I V06! > (RESYNCHRONIZED REPLY)
AT ODD TIME
HO66
HOE8
G493 NO71

SPECIALLY TUNED
CLOCK AMPLIFIER

Figure 258.

KOIl MAIN CONTROL PRIORITY

THE RESYNC CIRCUIT USES
POSITIVE LOGIC LEVELS.

Storage Reply Resync Circuit

Vo6 1

HOO2
V00O
NOOO

> HOO |
o

REQUEST BUS
KOO0

KOOI
REQUEST BUS

‘MC J280

KQO |

BREAKPOINT
SToF
—

Ki34

BREAKPOINT LOCKOUT KI37—o0—» KI35

H003 »{ HoO4 {HOOS
Vo002 V003 —l_\voi V005

G0
K090 BREAKPOINT
LOCKOUT
BREAKPOINT STOP JIBS—J)—— K091 K136

BREAKPOINT STOP Ki34 —O—» KI37

Figure 259. Breakpoint Stop Logic



The time from V000 to V005 is called "time-out for
access". It permits storage to reference the data bus
and to store the information. One of the first things
to occur after the reply signal has been received by
the processor is clearing of request bus FF. Clear-
ing request bus FF neither clears nor releases the bus.,
Main control and block control share the same bus
system. Main control needs the bus system, requests
it via K000/001 (request bus FF), and storage starts
processing the request. After the requested informa-
tion is returned the bus request is released, but bus
priority is retained.

V003 time will clear K090/091 (go FF) if a break-
point stop is required. When BPO is set, the break-
point address is continually compared to the stor-
age address on the S bus. During anSTO sequence, if
the storage address matches the breakpoint address,
breakpoint stop (K134/135)is set. K135is ANDed with
. V003 to clear go and stop the computer.

RELEASE BUS SYSTEM
STORE OPERAND SEQUENCE l

s3I

@ Start Store (STO); request bus system

@ Request storage; start arithmetic.

@ Word to bus.

@ Reply from storage.

@ Release bus system,

V006

V007: Input to H086; clear K010/011, K116/117, and
K012/013; test stop; end transmission of the
DB register to Storage; clear K212/213.

After storage reply and access time has elapsed,
main control will release the bus at V007 time. Re-
leasing the bus system as soon as possible is important,
Block control and main control use the same bus sys-
tem. The enable set up earlier (DB register to stor-
age) will drop out now,

STO K087
END STO

voos HOQ6 HOO7 HOBE

s K35 voor vose
BKPT
370
J280 WC oAE'r:“nLuEs
X012z
Ko
STORASE
REQUEST
Kils
KT
MAIN CONTROL
PRIORITY
Kolo
Kol
Figure 260 e
Release the Bus System LI v A

END STO
STORE OPERAND SEQUENCE

O NV N B

@ Start Store (STO); request bus system.

@ Request storage; start arithinetic.

@ Word to bus.

@ Reply from storage.

@ Release bus system,

@ End STO.

V086: Clear K086/087 (STO); set K080/081 (RNI); in-
put to HO87.
VO087: Input toH014; perform RNIif computeris going.

K340/341 blocks the progression from STO to RNI
during manual store operation. For a discussion of
manual store operation and timing see chapter 6.

The input from V007 to HO14 must make it through
the AND gate with K081 (RNI FF). This AND gate can
be made if the next sequence is RNI, Other inputs that
come into HO87 (not illustrated) require the AND gate
for other operations (discussed elsewhere in this man-
ual).
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The sequence progression FFs are always affected
the same way at the end of the STO sequence, STO is
cleared and RNI is set. There is no other progression
path possible except STO to RNI, unless itis adouble-

END_STO
HosE 0SS
vOo86

JOe&3

REVIEW

anx
xoe0

RADR

o HOIZ
> | noa?
) T | Hoie
vos? X081 ANI
Vol

X341

You should be able to fill in the blanks without re-

ferring back to the text.

o *
©
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CJONOXO)

precisionoperation whichwouldbe RNI - STO - STO -
RNIat which time J063 ¢(DF) will be a 1 blocking the output
of V086 until the double=~-precision operation is com-
plete.

INITIATE
RNT

Figure 261. End STO Timing




Figure 262 is a graphic rep-
resentation of all four basic se-
quences. Notethe areas unique
to each sequence and common
to all.

BASIC CONTROL SEQUENCE

AD NEX READ READ ORE
INSTRUCTION ADDRESS OPERAND OPERAND
RNI RADR ROP STO

ENTER RNI FROM ENTER RADR ENTER ROP ENTER STO FROM
PREVIOUS RNI, FROM PREVIOUS FROM PREVIOUS PREVIOUS RNI,
RADR,ROP OR STO RNI RNI OR RADR RNI,RADR OR ROP

INITIATE

A STORAGE

REFERENCE

l

OBTAIN
BuUsS
USAGE

TRANSMIT ADDRESS
(P

()

RADR
TRANSMIT ADDRESS J {TR&NSMIT ADDRESS

(F)

REQUEST STORAGE

OBTAIN REPLY

TRANSMIT ADDRESS,
F), AND WRITE
CHARA

R DESIGNATORS

REPLY

FROM STORAGE

STORAGE READ ] STORAGE STORAGE WRITE
[CONTENTS OF ADDRESS] TIMEOUT IDATA TO BE STORED
[DESIGNED BY (S) ARE S iIN THE DBR
READ INTO Z DBR) = BUS > Z
{Z) » BUS>EXX2->DBER IS STORED
RELEASE ADDRESS
8us \TED BY (S)
Bxx2 EXX2 DATA TRANSMISSION
GATED TO [GATED TO TO STORAGE
F R IS DROPPED
UPON RELEASE
JOF THE BUS

Figure 262. STO Big Picture
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SELF-EVALUATION QUIZ ON CHAPTER 10

TRUE OR FALSE

234

. The STO sequence may be entered from RNI,

RADR, ROP, or another STO sequence.

. If the system is in the Monitor state and operand

relocation is not selected, ISR will be referenced
for the upper three address bits during STO.

If the system is in the Monitor state an illegal
write cannot occur during STO.

The Write signal, which is generated by main
control during STO, is relayed to storage by the
Multiprogramming module.

. If an Illegal Write is sensed during STO, storage

reference is aborted and a pseudo-reply is gen-
erated.

. If the system is in the Program state, storage

protect switches canbe used to protect logical ad-
dresses 0XXXXXg.

. For character store operations, it is the respon-

sibility of main control to properly position the
character to be stored.

. For every STO, main control must send a Write

signal and Write Designators to storage.

9. The only exit from STO is to RNI.

10. For a store character 2 operation, gating of EXX2
to DB register will be right 3.

11. During STO, main control sends Data to storage
via the data bus cable.

12. A BPO is possible on the second STO of a store
AQ instruction.

13. If the system is in Non-Executive mode, an STO
in the upper 40g locations of available storage
would be an illegal write.

14. If the system is in Executive mode, an STO in the

upper 100g locations of page 0 would generate an

illegal write.

15. A storage request is always sent to storage as
soon as K116/117 sets during STO.

Score yourself:
After studying chapters 5, 6, and 7 you shouldn't have
missed any questions.

If you missed one or more, you've failed!



CHAPTER 11

SEQUENCE PROGRESSIONS

This chapter lists all possible cycle progressions
for the 3300 Computer. It will beto your advantage to
use 3300 Command Timing Charts and 3300 Computer
System Logic Diagrams in conjunction with this chap-
ter. You will find that sequences of the 3300 will take
on more meaning if youtry a few sample cases of se-
quence progression,

SEQUENCE PROGRESSIONS

Chapters 7 through 10 individually covered the se-
quences, RNI, RADR, ROP, and STO. This chapter
emphasizes the progression of sequences used during
execution of instructions. Some instructions use only
one sequence, others use two or more, and one in-
struction could use all four sequences.

The following pages are groupings of instructions
that use a definite sequence progression in their ex-
ecution.
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These instructions use only RNI:

Stop 00.0 Unconditional stop
Jumps 00 Miscellaneous jump
02 Index jump (IJ)
03 AQ jump (AZ], AQJ)
Skips 04 A, Q, or BP = Y*, skip
05 A, Q, or B =Y, skip
10 Index skip
Shift or scale 12 Shift A (SHA)
(may be indexed) Shift Q (SHQ)
13 Shift AQ (SHAQ)
Scale AQ (SCAQ)
No address, 11 Enter A with 17-bit address
arithmetic, enter, 14 Enter A, Q, or BP with Y
or logic 15 Increase A, Q, or Bb by Y
16 Selective complement (exclusive OR) of A, Q, or BP with Y
17 Logical product (AND) of A, Q, or BP with Y
IRT 53 Interregister transfer (24-bit precision)
55 Interregister transfer (48-bit precision)
55.0 Select ISR
55.4 Select OSR
BCD-shift E, 60 Shift E, E zero jump, set D
E jump, set D
77 instruction®* 77 Sensing, selecting, interrupt, and control functions

These instructions use RNI to RNI. The first RNI reads the first instruction word, the second RNI reads the
second instruction word.

Block operations 71 Search
72 Move
73 Input, character
74 Input, word
75 Output, character
76 Output, word

The instruction progression in one instruction is RNI to RADR,

Unconditional jumn 01.4 Unconditional jump

*Y = operand (lower 15 bits of the instruction word)

**77.64 (Write PF) and 77,65 (Read PF) fall in this group only if Multiprogramming module is not present.
77.610000 (Test Memory Availability) is excluded from this group.
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These instructions use RNI to ROP progression. The RADR sequence is optional and depends onthe programmer's
choice. Indexing may be used to modify the indirect address and/or the execution address.

Loads 20
21
22
23
24
27
54

Arithmetic 30
or logical 31
35
36
37
50
51
52
77.61
77.65

Load A (LDA)
Load Q (LDQ)
Load A character (LACH)
Load Q character (LQCH)
Load A complement (LCA)

Load iogicai {LDL)
Load index (LDI)

Add (ADA)

Subtract (SBA)

Selective set (SSA)

Selective complement (SCA)
Logical product (LPA)

Multiply (MUA)

Divide (DVA)

Compare (CPR) (within limits test)
Test memory availability

Read Page File

These instructions use RNI to STO progression. The RADR sequence is optional for the 4X instructions but
neither indexing nor RADR is possible for the 00.7 instruction. Indexing may be used to modify the indirect
address and/or the execution address. N

00.7
Store 40
41
42
43
44
46

47
77.64

Return Jump

Store A (STA)

Store Q (STQ)

Store A character (SACH)
Store Q character (SQCH)
Store lower 15 bits (SWA)
Store lower 17 bits (SCHA)
Store index (STI)

Write Page File (APF)

One instruction uses RNI to ROP to STO sequence progression. Indirect addressing does not apply to this in-

struction. The instruction is:

Storage shift 10.0

Storage shift (SSH)

One instruction has a sequence progression of RNI to RADR to ROP to STO. Inclusion of RADR is for indirect
addressing. It would not always be necessary; it depends on programmer's choice., Indexing maybe used to
modify the indirect and/or execution address.

Replace add 34

Replace add (RAD)
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Double-precision load instructions use RNI to ROP to ROP sequence progression. RADR sequence could be used
with indirect addressing. Indexing may be used to modify the indirect and/or execution address. The instruc-
tions are:

Load or 25 Load AQ (LLDAQ)
arithmetic, 26 Load AQ, complement (LCAQ)
48-bit precision 32 Add to AQ (ADAQ)
33 Subtract from AQ (SBAQ)
56 Multiply AQ (MUAQ)
57 Divide AQ (DVAQ)
Floating-point 60 Floating-point addition to AQ (FAD)
arithmetic 61 Floating-point subtraction from AQ (FSB)
62 Floating-point multiplication of AQ (FMU)
63 Floating -point division of AQ (FDV)

There is one double-precision store instruction. It uses RNI to STO to STO sequence progression. RADR se-
quence could be used with indirect addressing. Indexing may be used to modify the indirect and/or execution
address. The double-precision store instruction is:

48-bit store 45 Store AQ (STAQ)

Two instructions have optional sequence progressions. Normal progression is RNI to ROP to ROP...to ROP
during the search operations; however, if an interrupt occurs, the ROP to ROP sequence is broken and RNI is
initiated. These two instructions are:

Search 06 Masked Equality Search (MEQ)
07 Masked Threshold Search (MTH)

gressionwill be used by the instruction being executed.
Table 15 is aworksheet based on figure 263, the 3300

Figure 263 is a block diagram of the possible se-
quence progressions for instructions in the 3300 Com-

puter,

There are several AND gates (A through R) shown
on figure263. These AND gates (based on instruction
function translators) determine which sequence pro-

Computer System Logic Diagrams, and the previous

pages of this chapter. NOTE: AND gates A and Chave
been filled in for you and are meant to serve as a guide
in filling out the other AND gates.

N N

\ )

Figure 263. Block Diagram of Sequence Progressions



Table 15. AND GATES FOR SEQUENCE PROGRESSIONS

GATE

TRANSLATION

LOGIC TERM LOGIC PAGE

Arithmetic not busy

V109 2-7

71 through 76

F558 and V171

2-5

glotviolz Bl iz ixlzlolal= -

The following information traces one instruction
through its entire execution.
against the printsin Logic Diagrams and answer the

questions.

Timing for a replace add instruction with one indirect

address:

(NO72
V087
Vo014
NO51
N050
V117
NO50
V115
V116
NO51
NO050
V061

RNI ﬁ V000

Vool
V002
V003
V004
V005
V006
V007
V008
V009
V010
Vo1l
\ V080

Resynced manual start

Input to RNI

Request bus on RNI

Obtain bus priority

Address stabilization
Request storage

Breakpoint comparison timing
Breakpoint comparison timing
Test BPI

Storage reply
Drop bus request
Access time-out
Access time-out
Access time-out
Access time-out
Access time-out
Access time-out
Clear F and release bus
Instruction to F
Instruction decode
Test interrupt
Instruction decode
End of RNI

Check it for accuracy

(V109
V110
NO51
NO50
V117
NO50
V115
V116
NO50
NO51
V061
V000
V001
V002
V003
V004
V005
V006
V007
V008
V009
\VOSZ

RADR<

Arithmetic not busy
Request bus on RADR
Obtain bus priority
Address stabilization
Request storage

Storage reply

Drop bus request
Access time-out

Access time-out

Access time=-out

Access time-out

Access time-out

Access time-out

Clear lower F and release bus
Bus to lower F via EXX2
F decode

End of RADR
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(V109 Arithmetic not busy At best, RADR requires @ times,
V110 Request bus on ROP usec, i
NO51 Obtain bus priority At best, ROP requires @ times,
NO50 Address stabilization usec.
V117 Request storage
NO50 Breakpoint comparison timing At best, STO requires @ times,
V115 Breakpoint comparison timing usec.
V116 Test BPO . At best, the total is ¢ times,
NO51 usec.
NO50 . Without indirect addressing the total is
ROP V061 Storage reply ¢ times, usec.
ﬁ V000 Drop bus request . At best, bus priority per cycle is
V001 Access time-out @ times, usec.
V002 Access time-out . Would the best time you determined for RNIapply
V003 Access time-out to all RNI sequences?
V004 Access time-out . Wouldthe best time youdetermined for RADR apply
V005 Access time-out toall RADR sequences?
V006 Access time=-out 10. Would the best time you determined for ROP apply
V007 Clear DB register and release bus to all ROP sequences?
V008 BustoDBregister and start arithmetic 11. Would the best time you determined for STO apply
V009 N691 to all STO sequences?

\V084 End of ROP V500 12. At best, how much more time would be added to
the execution of the replace add in;{ét:‘ruction if two
levels of indirect addressing were used?

(V109 Arithmetic not busy V501 Three levels?

V110 Request bus on STO V502 13. Question 5 askswhat the best total time would be
NO51 Obtain bus V503 for an RAD instruction. What different factors
NO50 Address stabilization V504 could make the total time longer, not counting
V117 Request storage V505 RADR sequences?
NO50 Breakpoint comparison timing V530 a. Obtaining the bus during RNI.
V115 Breakpoint comparison timing V331 b. Storage reply.
V116 Test BPO; N400 c. Arithmetic busy at entry to ROP sequence.
NO51 N401 (Clear DBR) d

STO NO50 N41X (EXX2 - DBR, direct) e.

ﬁ V061 Storage reply; f.

V000 Drop bus request; g.
VOO0l Access time-out 14. Why would obtaining the bus cause so much delay?
V002 Access time-out
V003 Access time-out
V004 Access time-out
V005 Access time-out
V006 Access time-out 15. How much time would the use of the relocation
V007 Release bus feature of the 3300 Computer add to a sequence?

\ V086 End of STO
Remember, there is only one bus system. It is

V087 Input to RNI shared by program control and block control, each
V014 Request bus on RNI having equal priority to obtain it. Figure 264 shows
how the bus system could be used.

It is important to keep inmind that figure 264 is only

For problems 1 through 14 assume Multiprogramming  meant to show how the bus system could be used. It
module not present and system not in Executive mode. is not meant to show all the uses of the system;the bus
system never follows that type of progression.
1. At best, RNI requires @ times,
usec.

{5
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Main control —% Block control —® Main control —¥® Block control —® Main control —¥® Main control

has the bus has the bus has the bus has the bus has the bus has the bus
to accomplish to accomplish to accomplish to accomplish to accomplish to accomplish
an RNI oT process an RADR an output. an ROP an STO
sequence. an input. sequence. sequence, sequence.

Figure 264. Example of Bus System Usage
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SEQUENCES Worksheet

Assume that the Multiprogramming module is not
present and the system is not in Executive mode for
this problem.

You, the maintenance man, are summoned tothe con-
sole by the computer operator. He tells you that the
load Q instruction from memory location 14063 is not
operating properly. Heexecutesa2l 0 14063 and says,
"See, the uppermost bit, bit 23, always comes upa0."
(Q) is 12106034 is all the information he can supply.

One of the firstthings agood maintenance man would
do would be to verify that a load Q will not work.

Figure 265, (page 242) is anunmarked block diagram
of the system, Draw in the data flow path for an oper-
and moving from storage to Q register. Do this first,
then continue.

Study the block diagram, then list the steps of the
operation you would perform to verify the trouble.

The following list contains some logical first steps,
one of which you might possibly have written above.
Look through the list for the operation youwould have
performed. If the operation you listed is there, fol-
low the directions given.

@ a. You entered (via keyboard to storage)a load A
from location 14063 (the same address refer-
enced by the load Q). You then executed the
load A. If load A was your choice, go to step
2, item a.

b. You manually entered (via keyboard) all 7s to
Qregister (at least to the upper digit position).
If this was your choice, go to step 2, item b.

c. You swept content$+pf location 14063 to C reg-
ister for observation. If this was your choice,
go to step 2, item c. '

d. You entered (via keyboard) all 7s into A regis-
ter and stored the contents of A in memory.
Then you executed a load A from that location
in storage. If this was your choice, go to step
2, item d.

e. If the operation you performed was not listed
above perhaps your choice was not one of the
most logical ones you could have made. Ana-
lyze your operation. What help is it to you in
verifying that a load Qdoes not work? Perhaps
the operation you chose would have helped you
and it was just not listed above.

Either way, now that you have read through
the list of logical choices supplied above, which
one of them do you feel is the most logical?

Reread the problem, make another choice (from
a to d above), and follow the directions given.

After execution of the load A from memory loca-
(2) tion 14063 the contents of A register is 12106034.
Knowledge gained: The uppermost bit coming

to A register as a 0 could be significant. How do
you know that the uppermost bit (hit 23) in mem-

u know that the uppermost bit (bit n mem
ory is a 1?7 You do not know, do you? You possi-
bly wasted a bit of time here, especially if the bit
in memory is a 0!

All is not wasted though. It's possible that you
have learned some important things, even if they
are not obvious to you at this point. If an error
does exist it has to be in some circuitry that is
common to both a load A and a load Q instruction.

This knowledge is important!
What circuitry is common to both a load A and

a load Q? (List the common flow paths.)

You should have listed storage, transmitters,
receivers, EXX2, DB register, 14, and X1. Study
the block diagram in figure 265 and verify that
these are the only common circuits. Keep in mind
what you might have learned in this step, go back
to step 1, and make another choice. Remember,
you are trying to verify the existence of an error.

is 37777777. C register contained all 7s when
TRANSFER was pushed.

Knowledge gained: Q itself could be bad. The
flip-flop for bit 23 possibly does not hold al even
if it gets there. There is circuitry other than Q
involved during keyboardentryto Q. Listthe steps
of the flow path for keyboard entryto Q. Use fig-
ure 265 for reference.

% After keyboard entry of all 7s to Q register, (Q)

Itis known that an error exists. Further, it is
knownthat the error has to be in one of the follow-
ing circuits in the Q flow path: Keyboard, MXXX,
C, C7X2, DB register (EXX2 enable), 14, X1, I,
or Ql. Because the 7s got to C correctly, three
circuits can be eliminated. On figure 265 draw a
line through the circuits that can be eliminated.
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The original problem was a load Q not oper-
ating. It isknownthat an error exists now because
manual entry failed. C7X2 is used on the manual
entry to Q path, but not on a load Q, thus C7X2
can be eliminated also. (It should be crossed out
on figure 265, as should M33X and C register.

The error mustexist in one of the following cir-
cuits: EXX2, DB register, 14, X1, L1 and Q1.

Itis alsoknownthat storage is okay (unless there
are two errors) because keyboard entry does not
involve storage; the enter operationis failing, thus
the error could not be in storage. Go to step 3

After you swept the contents of location 14603 to
C register for observation you found that C con-
tained 52106034 .

Knowledge gained: You know memory contains
a 1 bit in position 23. Youalso know that the path
from storage to C register is okay. Referring to
figure 265, what is the path for informationtravel -
ing from storage to C?

You should have listed storage, transmitters,
receivers, EXX2, and C. You now know there is
a fault. Further, you know it isnot inthe storage
circuits because the information comes to C reg-
ister correctly. What would be a logical choice
of operations now?

Look through the following list for the operation
you chose and for the directions given:

1) You entered (via keyboard to storage)a load A
from location 14063 (the same address refer-
enced by the load Q). You then executed the
load A. 1If load A was your choice, go to step

5.

2) You manually entered (via keyboard) all 7s to
Qregister (at least to the upper digit position).
If this was your choice, gotostep 2 , item b.

3) You entered (via keyboard) all 7s into A reg-
ister and stored (A)in memory. Then you ex-
ecuted a load A from that location in storage.

-1 this-was your-cheice, go-to step 2 ,-item d;

If the operation you performed was not listed
above perhaps your choice was not one of the most
logical ones you could have made.

Analyze your operation. What help is it toyou?

@

Perhaps the operationyou chose would have helped
you, but it was just not listed above. Either way,
now that you have read through the list of logical
choices supplied above, which one of them doyou
feel is the most logical? Reread the problem,
make another choice (from a to ¢ above), and fol-
low the directions given.

As you enter (via keyboard) all 7s to A register
you notice that A always comes upwith a 37777777,
yet C is always all 7s at the time of transfer.
There is no need to do the store A or load A be-
cause something is wrong in the path from the
keyboard to A, and this path does not use storage.
Referring to figure 265, list the steps in the flow
path for keyboard entry to A register,

It is known that an error exists. Further, it is
known that the error has to be inone of these cir-
cuits in the A flow path: keyboard, MXXX, C,
C7X2, DB register (EXX2 enable), 14, X1, adder,
10, A1, Because the 7s got to C correctly, three
circuits can be eliminated. On figure 265, draw
a line through the three that can be eliminated.

The original problem was aload Qnot operating
properly. Itis knownthat an error exists now be-
cause manual entry failed. C7X2 is used on the
manual entry to A path but not on the load Q path,
thus C7X2 can be eliminated also. The error must
exist in one of the following circuits: EXX2, DB
register, 14, X1, adder, 10 or Al.

The adder is used for entry to A but not for a
load Q, thus the adder can be eliminated, as can
10and A1. Thisleaves just EXX2, DBregister, 14,
or X1. Go to step 4 .

@ Youknow an errorexists because you executed an

enter to Q (via keyboard) and it did not function
properly. Youhave already localized the problem
and started eliminating circuitry.

You know the error has to be in one of the fol-
lowing circuits: EXX2, DB register, 4, X1, 1,
or QL.

What operation could you perform that would
eliminate Il and Q1?

To inject a thought here--why not try keyboard
entry to A with all 7s? If it fails, then the fault
could not be I! or Q1; instead it would have to be
in some circuitry common to both an enter to A



and an enter to Q. If it does not fail, thenthe er-
ror has to be in either I! or Q1.

Assuming thatyou tookthe bait, when you tried
to enter to A, C got all 7s but A got 37777777. 11
and Q1 cannot be faulty. Cross them out onFig-
ure 265.

Now it is known that both an enter to A and an
enter to Q fail. The error has to be in circuitry
common to both. The following commoncircuitry
could be at fault: C7X2, DB register (EXX2 en-
able), 14, and X1.

C7X2 was eliminated in step 2, item b, EXX2
can be eliminated for a slightly different reason.
EXX2 is in the load Q path, but not in the enter
path which also fails, therefore EXX2 could not
be at fault. (Cross it out on figure 265.) This
leaves DB register, I4, and X1 to be eliminated.

Go to step 6 .

You know an error exists because you executed
an enter to A (via keyboard) and it did not function
properly. Youhave already localized the problem
and started eliminating circuitry.

You know the error has be be in one of the fol-
lowing circuits: EXX2, DB register, 4, X1.

EXX2 can be eliminated for a reason similarto
the one for which C7X2 was eliminated earlier.

EXX2 is in the load Q path, but it's not in the
enter to A path which also failed. Therefore,
EXX2 could not be at fault. This leaves DB reg-
ister, 14, and X1 to be eliminated.

Go to step 6 .

@ After execution of the load A from memory loca-

tion 14063, (A) is 12106034.

Knowledge gained: The uppermost bit coming
to A register as a 0 has eliminated considerable
circuitry. An error does exist andit has to be in
some circuitry common to botha load A anda load
Q instruction. This knowledge initself is impor-
tant.

What circuitryis commonto a load A and a load
Q? (List the steps in the common flow path.)

You should have listed storage, transmitters,
receivers, EXX2, DB register, I4 and X1.

Study figure 265 and verify that these are the
only common circuits.

The sweep operationthat you performed earlier
eliminated the storage circuits and an inverter
rank. What three circuits have not been elim-

inated?

Go to step 6 .

The bad circuithas beennarrowed down to DBreg-
ister, 14, or X1.

Keep in mind that the fastest troubleshooting
procedure is to eliminate as much circuitry as
possible with operations executed from the con-
sole.

What operation could be performed to point at
or to eliminate X1?

Another hint: X is fed by inverter ranks 2, 3,
4, and 6. (Look at figure 265.) It doesn't figure
that X couldbe eliminatedif anoperation thatused
X also used I"; so choose an operation that does
not use 14. Ranks 1, 2, and 3 are in the A andQ
circuits, and sofar it has not been possible to get
bit 23 into either of these registers, sothat pretty
much leaves you with 16,

16 feeds X1 and I0 is fed by the B boxes and .
IS seems like a goodbet, Enteranenter Qinstruc-
tion with a negative number and sign extension,
then execute it.

Doing an enter Q leaves all 7s in Q. X1 must
be okay (cross it out on figure 265), leaving DB
register and  as possibles.

Go to step 7 .

@ Some more facts are known. The error has to be

in either DB register or 4,

It is possible to get all 7s into Q via the enter
instruction with sign extension.

Considerable benefit comes from being able to
get all 7s into the register. Now the 7s can be
stored from Q and further circuits can be elim-
inated.

When a store is followed by a sweep to C, all
7s return to C. Which circuit, DB register or 14,
can be eliminated?

Cross it out onfigure 265. DB register should be
okay because the path for a store Q is:

Ql—»-I3—»X1—»I’—p-EXX2—# DBR—#storage

Q1, 13, X1, T, and storage are not involved in
the circuits that are to be eliminated. Thus the
error has to be in

Go to step 8 .

(8) YEP! I,

Now what? Locatethe logic card and replace it.
What manual would you use to findthe physical lo-
cation of the 23rd bit of I#?
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The logic diagrams for the 3304 Basic Processor
would be agood bet. Look in the table of contents
for I4 (standard arithmetic section). Turn to that
page in the diagrams and locate the 23rd bit and
list its physical location.

You should have 2K88A. Go ahead, replace that
card and try a load Q from location 14063. After
execution, Q contains a 52106034, which is cor-
rect. Congratulations for fixing the trouble,

There were many steps to this problem. You
possibly did not agree with the sequence of steps
through which you were led indiagnosing the prob-
lem but if you remember these important things,
you'll do well.

1. Always prove or disprove the first assumption
before you fix anything.

2. Localize the problem to one area of the system
as rapidly as possible by performing operations
that use common circuits.

3. First try toeliminate all possible commoncir-
cuitry via the console, It's faster thanprobing
around with a scope. Besides, if you can push
a few buttons, you make a better impression
than when you state it must be so-and-so and
replace it without even using a scope.

4, Repair the faulty component.

Only a very few instructions in the entire repertoire
may be executed. Allother instructions "die" leaving
the console in the following configuration depending
on which sequence the failing instruction would use to
accomplish its execution. If RADR, ROP, or STO
sequence were required, the console would be dark
except for the appropriate sequence indicator being lit.

Instructions that can be executed are all common to
RNI sequence:

Stops

Jumps

Skips

Shifts or scale

No-address arithmetic instructions, enters
or logic

Intraregister transfers

77 series (connect, senses, etc.)

It is also possible to initiate block operation.
It should be already apparent that RNIis okay, What-
ever is wrong must be common to all other sequences.

CLUES:
1, Could storage be at fault?

= hetnl Ty A

e M the pro-
gram were written so that all of the instructions
were in storage module O and all operands were in
module 1, could storage be at fault?
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2. This problem is common to several sequences.
The most logical place to look for the fault would
be in control. Most of the common circuitry for
the sequences is shown on page
of Logic Diagrams.

3. Could the arithmetic section be at fault?
If RADR and RNI worked and only ROP and STO
failed, couldthe arithmetic sectionbe at fault?
Why?

In your own words relate what you think wouldbe at
fault:

In diagnosing a problem you have discovered the
following facts:

1. The arithmetic area works; it adds, subtracts,
multiplies and divides. It also shifts correctly.

2. You canstore and retrieve informationfrom mem-
ory because you keyed in a STA and a LDQ in-
struction and they both operated correctly.

3. Thecomputer reads and executes instructions cor-
rectly. Proof is in item 2. ‘

4, Instruction address modification warks because
youb~-modified an instructionand it worked.

From the facts you have learned inthe four operations
you performed you feel quite sure the error is in one
sequence.

What sequences are checked by item 27

and

What sequence is checked by item 37?7

and

Are any additional sequences checked by item 47

What sequence has not been checked?
Supply one instruction thatwill check the remaining
sequences.

It appcars that a modified load A instruction is not
operating  correctty. The imstruction arrives im ¥
register properly, in program control.

When the instruction is executed the number that
arrives in A register is not the proper one. Listed
below are the internal sub-sections of the 3300 process=-
or. If the sub-section could be at fault, write in yes.



If not, write no. Whether your answer is yes or no
explain why.

Block Control? , because
Multiprogramming module? ,
because

Program Control? » because
1/07 , because

Standard arithmetic, first pass? ,

because S bus? , because

Standard arithmetic, second pass? ,

because D bus? , because

Storage? , because
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Figure 266. System Block Diagram

CHAPTER 12
ARITHMETIC CONTROLS

GENERAL DESCRIPTION

The standard arithmetic section of the processor
is located within the computer section of the system
(figure 266).

The system block diagram of the 3204 Processor is
shown in figure 267. Note the inputs to and outputs
from the standard arithmetic section.

Figure 268 shows the detailed block diagram of the
standard arithmetic section. Throughout this chapter
references are made to figures 267 and 268. Study
them now and refer back to them each time they are
mentioned.

The arithmetic section performs all loads, stores,
shifting, scaling, logical, and arithmetic operations.
This chapter discusses the logical operation of the
arithmetic registers, the adder pyramid, the arith-
metictiming controls, and the arithmetic sensing logie.

Figure 268 is a block diagram of the arithmetic
section which shows all paths for data exchange with-
in the arithmetic section.

REGISTERS

The arithmetic registers provide temporary storage
for the operands used in program execution. The arith-
metic sectionhas five registers: Al, A2, Q1, Q2, and
X. Thecontents of Al and Q1 are normally displayed
on the console when the computer is stopped.

As each register is described in the following dis-
cussions, refer to figure 268 to place it in the proper
perspective to the entire section. Also, refer to it in
3300 Logic Diagrams to see all bitsrepresented.
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Al Register

The 24-bit Al (arithmetic) register is used in nearly
all arithmetic and logical operations. (Al) may be
transferredto A2 and (A2) added to the contents of a stor-
age location or the contents of another register. The
sum is then placed in Al or it can be placed in stor-
age. (Al) may be shifted right or left, and separately
or in conjunctionwith Q1. Al may also hold a control
quantity which conditions certain jump, skip and search
instructions.

Inputs to Al are made from:

J4XX inverters and M4XX FFs. These inputstrans-
fer the internal status code to bits 00-11 of Al and
the contents of the interrunt mask register to bits
12-23.

2. 19 inverter rank. The sum from the main adder,
sum from the optional adder, and (Q2) are trans-
ferred through 10 into A1 directly., (A2) istrans-
ferred through 10 into Al either directly, left
shifted (end-around) one place, or right shifted
(end-off, sign extended) one place.

. Il inverter rank. Bit 23 of I feeds bit 0 of Al
during a left shift _AQQ or lefr chifr A

1.

gl HARAMG bt

E175-E177 and E185-187 inverters, These inputs
are used to transfer the contents of the condition
register, ISR, and OSR to A7y,

Refer to Logic Diagrams, page 2-127, for bits 0-7
of Al register and IV inverter rank.
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Arithmetic Inputs and Outputs

Q1 Register

The 24-bit Q1 register (auxiliary arithmetic) assists
Al register in performing arithmetic and logical oper-
ations. (Ql) may be shifted right or left, separately
or in conjunction with Al. QI may also be used with
Al register to form double-length register AQ. Ql
serves as a mask register for certain instructions.

Inputs to Ql are made from:

1. E[, (optional arithmetic) register. The inputs are
E4XX, E5XX, and E6XX.
2. 1! inverter rank., The sum from the main adder

and (X) are transferredthrough i directly into Q1.
(Q2) and (A2) are transferred through 1! into Ql
either directly, leftshifted (end~around)one place,
or right shifted (end-off, sign extended)one place.
. 10 inverter rank. This rank is used together with
the 1! rank when shifting Q or AQ.
Refer to 3300 Logic Diagrams, page 2-133, for bits
0-7 of Q1 register and Il inverter rank.

A2 Register

The 24-bit A2 register is uged primarily as one of
tie adder feedesrs, Bute ploced a AZ and X dmmedi-
ately begins to propagate through the adder. A2 is
also usedinconjunctionwith Al register for operations
involving a shift of A or AQ and to allow an exchange
of (A) and (Q) during the execution of multiply and di-
vide instructions.
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OPTIONAL (E! ) BUS BUS Q2 Figure 268. Standard Arithmetic
Inputs to A2 are made from:___ Q2 Register
. I9 inverter rank. (Fp), (Fp), +1, -1, and the The 24-bit Q2 register is used in conjunction with

complement of the interval designator are trans-
ferred from the main control sectionthrough IS into
A2,

2. 12 inverter rank. (X) and (Al) are transferred
through 12 directly into A2. (Al) and (Ql) are
transferred through 12 and 13 into A2 either directly,
left shifted (end-around) 108 places, or right shifted
(end-off, sign extended) 10g places.

3. I3 inverter rank. This rank is used with 12 when
shifting A or AQ.

Refer to Logic Diagrams, page 2-139 for bits 0-7
of A2 register and the I2 inverter rank.

Q1 register for operations involving a shiftof Q or AQ
and for an exchange of the contents of A and Q (swap
AQ). Q2 is also used with X register to perform a
left shift 1 of (X).

Inputs to Q2 are made from:

1. X register. (X)is always transferred to Q2 left
shifted one place.

2. 13 inverter rank. The sum from the main adder
and (Q1) are transferred through 3 directly into
(%2. (A1) and (Q1) are transferred through 13 and
14 into Q2 either directly, left shifted (end-around)

103 places, or right shifted (end-off, signextended)

10g places.
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3. 12 inverter rank. This rank is used with I3 when
shifting Q or AQ.
Refer to Logic Diagrams, page 2-145,for bits 0-7 of
Q2 register and IS inverter rank.

X Register
The 24-bit X register is an adder feeder register
like A2. X register is the only arithmetic register
with provisions for exchanging information with stor-
age.
Inputs to X are made from:
1. I2 inverter rank. (Al) are transferred to X vial2,
2. I3 inverter rank. (Ql) and (Q1) are transferredto
X via 13,
3. 1% inverter rank. (BP) and (F1) are transferred to
XviaIb. Theactual path for Fp, is Fy~15>16+X1,

Table 16,

4. 14 inverter rank. (DBR), (DBR), (P3), and (Q2)
aretransferredto X viaI4. The shift count istrans-
ferred into bits 0-5 of X via I4,

Refer to Logic Diagrams, page 2-151, for bits 0-7
of X register and 14 inverter rank,

INVERTER RANKS

Most of the parallel transmission paths between
registers involve a rank of inverters. The major
parallel transmission paths and inverter ranks of the
arithmetic section are shown in figure 268.

10, 11, 12, 13, and I4 are the arithmetic section
inverter ranks which serve as the main feeders to
registers Al, Ql, A2, Q2, and X,

The various transfer paths for the inverter ranks
are listed in table 16,

INVERTER RANK TRANSFER PATHS

RANK INPUTS

OUTPUTS

10 Sum, optional sum, A2, _Q—Z_:

sign to Q230, right 1~ bit 0;
Q730 to Q000, left 1®~bit 23;
quotient bit (to bit 23)

A1 (direct, left 1, or right1);
shift count register;

bit 23 bit 0 of Ql;

bit 0¥ bit 23 of QI;

lower 15 or 17 bits to Fy
index registers B1, B2, B3

11 Sum, _Qi, X, A2

Q1 (direct, left 1, or right 1);
bit 23#bit 0 of Al

12 X—i, El_: X, Al;
sign of Q2 for right 10g (to bits 0~7 of 12);

15 + 12 during 04 or 05 inst.

block bits 15-23 of 12 for transferring A1 lower

X, A2 (direct, left 108, or right 10g);
bits 16-23-#bit 0-7 of Q2;
bits 0-7-®bits 16~-23 of Q2

13 Ki, a, sum, Ql

X, Q2 (direct, left 10g or right 10g);
bits 16-23#bits 0-7 of A2

1“4 |Q2, DBR, El, DBR;
shift count-»bits 0-5

ADDER

The 3300 Adder is an inverter network which forms
the sum (or difference), logical product (AND func-
tion), or selective complement (exclusive OR function)
of two 24-bit quantities. The 3300 Adder is an additive
ccimilator whereas the addersof niost other Comtrol
Data computers are subtractive accumulators.

There are 24 stages in the adder, one stage asso-
ciatedwith each bitin the two feeder registers, A2 and

X. Inputstothe adder are made only from these regis=~
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ters. The data is gated into the feeder registers.
Operations within the adder are not clocked, so four
phase times (including the time that data is being
placed in the feeders) are allowed for adder propa-
gation before the output of the adder is sampled.

~ The 3300 Adder is designed so that it may be ex-
tended in size to 48 bits without increasing adder propa-
gation time, The optional floating-point/double-pre-
cision hardware package contains the logic necessary
to do this,




The expanded adder is used only for the floating-
point/double-precision instructions. When any other
instruction is being executed the optional adder is dis-
regarded. * One operationthat occurs quite frequently
in the 3300 computer is that of using the adder as a
data path in which case a value is added to zero. The
sum (equal to original value) is transferred to A reg-
ister (example~-the LDA Inst.). No real addition has
occurred but DATA hasbeen moved. *Note: The dou-
ble precision add or subtract do not require optional
hardware.

BINARY ARITHMETIC

The binary number system is the basis for the repre-
sentation and manipulation of all information within
the computer. The 3300 Computer uses 1's comple-
ment binary arithmetic.

The adder forms the sum of two numbers by adding
them directly. For example:

0111 augend
+0100 addend
0011 partial sum
1l carry
1011 sum

Subtractionis performedby the "adding the comple-
ment” method. The difference of two numbers is
found by first complementing the number to be sub-
tracted, then adding the complement of the subtrahend
to the minuend.

For example:

1100 minuend
-0010 subtrahend
1010 difference

The computer performs the subtraction thus:
1100 minuend
+1101 complement of the subtrahend
1001 paxztial difference
+_ 1 end-around carry
1010 difference

These references contain a further description of
number systems, including binary arithmetic: 3300
Reference Manual (see appendix section) and An In-
troduction to Digital Computers.

THEORY OF THE ADDER

The adder generates and recognizes the carry signals
which occur when two numbers are added.

There are four cases which must be considered in
binary addition. These are:

*The double-precision add or subtract do not require
optional hardware.

1. Satisfy 2. Pass
Augend 0 0
Addend +0 +1
Sum 0 1

3. Pass 4. Generate
1 1
+0 +1
1 0 with a carry of 1

to the next higher stage

Satisfy: Forcase 1, the stage will satisfy anincoming
carry. That is, the stage does not generate a carry
during addition and, if a carry input is received, it
will not be passed on to the next higher stage.

Pass: For cases 2 and 3, a carry input cannot be
satisfied within the stage and must be passed on to the
next higher stage. Thus, a pass is generated by all
stages with unlike input signals from A2 and X.

Generate: For the additionofl + 1, case 4, a partial
sum of Ois obtained and a carry is generated and passed
on to the nexthigher stage. Acarry inputis notsatis-
fied by a stage of this type for it always generates a
carry of its own.

Signals within the adder form a double pyramid as
shown in figure 269. The adder has 24 input stages,
one for each bit of A2 and X. These stages are com=
bined into eight 3-bit groups. Stages and groups are
checked for carry generation and ability to pass a
carry. Multiple-group generate and pass signals are
then formed. Group carry inputs and stage carry inputs
are generated next. Finally, the stage-generated
signals are compared with the carry input signalsat
a rank of output inverters., These inverters produce
the complement of the sum of X and A2,

The generation of individual signals is treated more
fully in the discussion which follows.

If the double-precision/floating point option is pre-
sent, an identical 24 bit adder unit is wired to the left,
or above the standard arithmetic adder.

This provides: 48 stages (0-47)

16 groups (0-15)
4 sections (0-3)

The standard arithmetic adder is sometimes re-
ferredto asthe right adder and the expanded adder as
the leftadder. In anycase the adder works as a 48-bit
adder, the output of which is always sum.

Stage -Generated Signals
During addition* the frst level of adder translation

*The descriptionto follow is concerned with the use of

the adder in true addition only. The adder can also
form the logical product and the selective complement
of two numbers, but this is discussed elsewhere,
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Outputs to 24 stages of Ig

— e e = = — e—— w— — —

Group carry inputs

Section pass
and carry generation

(Stage inputs)

(including end-around carry)

Group carry and pass generation
Stage carry and pass generation

24 stages (0 to 23)

8 groups (0 to 7)
3 stages per group

2 sections (0 and 1)
4 groups per section

Inputs from 24 stage of A2 and X

occurs at the individual stages. All 24 input stages

generate three types of signals:

1. Generate: A stage carry is generated by the LOXX
terms (where XX is the number of the stage) when
the corresponding bits of A2 and X are both 1's.

Stage 0

Bit 0- A2 A500

Bit 0- X L1000 Generate

X000__,

2. Unlike: The UOXX inverters output a 1 when the
corresponding bits of A2 and X are unlike. This
signifies a stage pass condition. In this case, this
bitin the true sum will be a 1 unless a carry input

is made.
Stage O

A501 &

X001 U000 —® U200 Like
Unlike

A500

X000

3. Like: The U2XX inverters output a 1 when the
corresponding bits of A2 and X are both alike. There
is no distinction made between both 1'sor both0's,
In this case, the bit in the true sum will be a 0 un-
less a carry input is made.

Group-Generated Signals
Second-level translations are made on eight groups
of three stages each. Two types of translations are
made:
1. Group Pass: A group pass (U3XX = 1) occurs only
when there is no satisfy within the group. If both
bits of any stage within the group are 0, U300 is

driven to a 0, There is then a group satisfy.

N
[$9]
158

Figure 269. Adder Pyramid

A500
Stage 0 X000 : l Group 0
A510
Stage 1 yo,0 O U300 U400
Pass
A520 O I
Stage 2 X020 GI'OLlp 0

2. Group Generate: A group carry is generated
(L40X = 1) only if one of the stages withinthat group
generates a carry and no higher stage within the
group generates a satisfy.

Stage 2 Carry L002 —

Stage 1 Carry LOOL .D*’HBOO -L400
Stage 2 Pass U002

Generate
Group 0

Stage 0 Carry 1000 O
Group 0 Pass U300

Multiple-group Pass and Carry Generation
Third-level translations are made on multiples of
groups. The translations are:
1. Multiple-group Pass: The U6XX inverters gener-
ate multiple-group pass signals. These indicate
that several consecutive groups contain no satisfy.

Pass Group 1 U401———w Uelz | Fass
Pass Group 2 y402—» Groups 1-2

2. Group Generate and Multiple~-group Pass: The
eight groups are considered as two sections, one
containing groups 0-3, the other containing groups
4-7, Passtranslations from groups 8-15 are present



Generate Group 0 L300

— Generate
Pass Group 1 U40]1— ] 1500 Group 0
Pass Group 2 U402—» and Pass

T Groups 1-3

Pass Group 3 U403

only when floating-point/double-precision hardware
The L30X inverters come un

IV LLVOLCLSs COLLC up

is in the computer

only when a group generates a carry and all higher

order groups in that section pass the carry.

End-Around Carry

An end-around carry is generated when any group
produces a carry and thatcarry is passed by allhigher
groups, including group 7 (group 15 for floating-point/
double-precision). Figure 270 shows the logic which
recognizes and inserts the end-around carry.

Special logic is required to handle the end-around

carry for 48-bit precision add and subtract (32 and
33instructions).
FADR1+32+33 F938 J521 FAanrl
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Group Carry Inputs
The fanout of adder signals beginswith these fourth-
level translations. The carriesand group pass signals

have now beendetermined. Atthislevel, the multiple-

group pass and generate signals are translated for each
output group by inverter networks (shown in the dia-
grams), to determine if that group has an incoming
carry from a lower group. The end-around carry is
the group carry input for group 0. (See figure270).

Stage Carry Inputs

Carry inputs are made to the rank of output inverters,
These are compared with the original stage translations
to determine the final sum.

The group carry input is inserted into the lower
stage of each group, thus effectively serving as the
stage carry input.

A stage carry input to the second stage of eachgroup
is made if the lower stage generatesa carryor passes
an incoming group carry.

A stage carry input to the third stage of each group
is made if the lower stages generate and pass a carry,
or if they pass an incoming group carry.

Stage carry translators are shown in figure 270 (L10X,
L20X).
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{827 1 2C13A .J 2c08n
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&
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[€3] 2C138 2c10A
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Figure 270. Logic for End-Around Carry

Generation of Final Outputs

The output of the adder is obtained from the UlXX
inverter rank (figure 270). This outputisthe comple-
ment of the true sum.

The determination of the final output is made at this
rank. The original stage translations, like and unlike,
are compared with the group and stage carry trans-
lations.

Four possible cases must be translated (two AND
gates required) to determine the output.

Two conditions produce a true sum of 1 (U1XX = 0):
1. A2 and X unlike (U000 =1), nocarry input (1100 = 1).
2. A2 and X like (U200 = 1), carry input (L200 = 1),

Group 0 Carry L100

Stage 0 Unlike Uoog O
Group 0 Carry L200 O

Stage 0 Like U200

The other two possible conditions produce a true sum
of 0 (U100 = 1):
1. A2 and X unlike (U000 = 1), carry input (L100=0).
2. A2 and X like (U200 = 1), no carry input (L200=0),
Note that the lasttwo conditions will cause both gates
into U100 to be disabled by zeros.
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ADDER Worksheet

The following two programs are intended to provide
static additions that will help in troubleshooting the
adder. All of the terms in each rank will provide the
same output under normal conditions. Indicate the

output for each rank for each program by filling in the
table below.

Master clear and press GO for each of the following
separate programs.

PROGRAM #1 PROGRAM #2
00000: 14.400000 00000: 14.400000
SIGNAL 00001: 15.400000 00001: 15.477777
00002: 77.770000 00002: 77.777070
LOXX: Stage generate
UOXX: Stage unlike
U2XX: Stage like
L3XX: Not group generate
L4XX: Group generate
U3XX: Group pass
U4XX: Not group pass
L5XX: Section generate
USXX: Not groups pass
U6XX: Groups pass
U7XX: Not group carry input
L2XX: Group carry input
Stage carry input
L1XX: Not group carry input
Not stage carry input
U1XX: Not sum
I0XX: Sum

This worksheet will familiarize the student with the
adder and, when completed, the sheet will aid in
troubleshooting adder malfunctions.

Referring to Logic Diagrams (Adder, pages2-119to
2-125 and the previous discussioninthis chapter, circle
the proper answers for each question based on the
following problem.

Problem: Add 77777777
to 77777777

1. All LOXX terms will be outputting 1's/0's because
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all stages/groups are/are not generating.

2. The U0XX terms will be outputting 1's/0's because
all bits are/are not the same.

3. The U2XX terms will be outputting 1's/0's because
all staoes are/are not identical .

o= = /il OL lagentll

4, The U3XX terms will be outputting 1's/0's because
they are/are not satisfying in the stages/groups,

5. The L50X terms have 1's/0's out because all/none
of the stages/groups are/are not generating.




DOUBLE-PRECISION EAC

A special case of end-around carry is double-pre-
cision add or subtract explained below.

A 48-bit add or subtract is performed using two,
three, or four passes through the adder. The steps
necessary for the add portion of the instructions are:

1. The upper 24 bits of the two 48-bit operands [(A)
and (M)] are added during the first pass through
the adder. Anend-around carry isblocked because
the +1 FFisclear, holding 1200to a 0 (figure 269).
If anend-around carry occurs (U700 or U701 = 0),
EAC (end-around carry) FFand the +1 FF are set.

2. On the second pass through the adder the lower 24
bits of the two operands [(Q) and (M+1)] are added.
A carry fromthe upper bits (if present) is inserted
into group 0 of the adder (+1 FF is set, so 1200 =
1). Thisaddition may also produce an end-aroungl
carry. Ifso, EAC and +1 are set; otherwise they
are cleared.

3. A third pass through the adder then begins, but is
allowed to continue only if an end-around carry has
occurred, On this pass, +1, the carry from the
lower 24 bits is added to the upper 24 bits of the
48-bit sum. Once again this addition can produce
an end around carry. EAC and +1 are allowed to
remain set if carry occurs, or cleared if it does
not occur.

4. A fourth pass is now made, The carry from the
upper bits is added to the lower 24 bits of the sum.
There can be no more carries so EAC and +1 are
cleared. A fifth adder pass begins but it is blocked.
An example of 48-bit additionthattakes four passes
through the adder is shown below;

Upper 24 bits Lower 24 bits

777777778 777777773

000000008 00000001

777777778 First Pass
00000000g Second Pass

Carry +lg

Carry 1g 00000000g Third Pass

Carry +l1g

00000000g Fourth Pass

00000000 00000001g Final Sum

LOGICAL PRODUCT
The adder is used to form the logical product (AND
function) of two numbers for instructions 17, 27, 37,
and the search 2 cycle of the 06 and 07 instructions.
The logical product is formed according to the follow -
ing rules:

A2 0 0 1 1
X 0 1 01
Logical product 0 0 0 1

The translation of a 17, 27, or 37 allows 10701078
to output 1's (figure 271). All stage and group carry
inputs are held to O by these inverters, lockingout all
interaction betweenthe 24 stages. The logical product
is determined then only by input stage translations.

As shown in figure 271, a bit in the logical product
is a 1 only if a carry is generated by the input stage.

Bit 0
Input Final
Stage 0 Output
Rank
A500 A2 and X = _
X000 LP

Sel, 1080

Comp.

17+27+37
+ Search 2 Cycle

Figure 271, Logical Product Generation

SELECTIVE COMPLEMENT
The adder is used to form the selective complement
(exclusive OR function) for instructions 16 and 36, Ex-
clusive OR means one term or the other but not both),
The selective complement is formed according to
the following rules:

A2
X

0 1
0 1
0

== ©
—] O =

o

Selective complement -

The translation of a 16 or 36 allows 1080-1082 ¢
output 1's (figure 272), These inverters prevent input
carry generationby holding all LOXX (generate) terms
to 0. Since stage carries are locked out, there is no
interaction between adjacent stages.
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As shownin figure 272, a bit inthe selective comple -
ment is al only if A2 and X are unlike. Adder output
is the complement of the selective complement.

Bit 0

AS500 L000
X000

il

1080

Generate

16+36 F971

Selective Complement

Carry input L100

Figure 272, Selective Complement Generation

ARITHMETIC CONTROLS

All arithmetic operations must be timed and signals
must occur in proper sequence. Timing and sequenc-
ingis determined by arithmetic controls which include
F2 register, arithmetic function translators, arith-
metic timing chain, shift cycle timing chain, comple-
ment and swap cycle timing chain, inverter enables,
flip-flop translations, and the shift count register.

Although the arithmetic section contains independent
timing logic, it is directed by the main control section,
Main control reads an instructionfrom storage and, if
the execution of thatinstruction involves an arithmetic
operation, maincontrol sends a start pulse to the arith-
metic section at the proper time.

Once indexing and/or indirect addressing have been
performed, the final execution of enter, shift, increase,
logical, load, and arithmetic instructions is performed
entirely by the arithmetic section with no aid from main
control. This frees main control to read the next
instructionwhile arithmetic simultaneously completes
the current instruction.

Arelatively long time is required to process certain
instructions. Itis possible that maincontrol will have
read another instruction before arithmetic has finished
processing the currentone. Therefore arithmetic busy
FF is set for multiply, divide, shift, BCD, and floating-
point and some double-precision instructions) to lock
cut any.-furthcr start pulscs. .If the now instruction
requires use of the arithmetic section, operations in
main control halt after RNI and do not continue until
arithmetic operations are finished and arithmetic busy
signaldrops, If anarithmetic reference is not required
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by the new instruction, main control continues to op-
erate and will execute that instruction.

F2 REGISTER

The contents of the upper nine bits of F1 are dupli-
cated inF2 arithmetic register when an instruction is
read from memory. This takes place during every RNI,
F2 register which controls the arithmetic enables is
decoded separately from the main control function
translations. Tounderstand the necessity for using F2
for arithmetic function translations consider this case:
1. Main control reads aninstruction which requires a

lengthy arithmetic operation.

2, Main control duplicates (F1) in F2 and starts the
arithmetic timing chain. Main control has no further
operations to perform inexecuting this instruction.

3. Therefore main control initiates a memory refer-
ence for a new instructionword while the arithmetic
seetion is executing the present instruction.

4. The new instruction wordis received by main con-
trol and gated into F1 while the arithmetic section
is still executing the previous instruction. (F1) is
not duplicated in F2 until the arithmetic section has
completed execution of the previous instruction.

Note that step 3 effectively decreases program exe-
cution time, while step 4 insures proper instruction
execution of the new instruction in F1.

The function code in F1 is duplicated in F2 by the
logic shewn in figure 273. The gating signal which
transfers the new word into F1 (N206) also sets initiate
F1-%F2 and the wait function. Wait function locks
outa startarithmetic pulse until the upper nine bits of
F1 have been duplicated in F2 and decoded.

wart
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CEY)

Jeas 'ﬂJI!V‘
o Figure 273. F1 to F2 Logic

During the first odd time after initiate F1-#F2 FF
is set, a pulse H318 begins the F code transfer. How-
ever, this pulse is blocked under two conditions:

1. Interruptsync, trapsync, or powerfail FFs are set,
The current instruction is superseded by one of
these operations and is reread when the interrupt
has been processed.

2. Arithmeticis busy (V109 = 0). F1—F2 is blocked
until busy signal drops. If maincontrol must start
arithmetic before doing the next RNI, it hangs up
Epesaticns-halt)and waits until busy drops, -Il-BmI2
occurs, andwait function is cleared. This hangup
occurs at the N6XX terms (start arithmetic).

If itis not necessary touse arithmetic, maincontrol
continues instruction execution (figure 274).



Shown are three bits of F2 which duplicate bits 18,
19, and 20 of F1 register. N550 is the gating term.
N552 gates bits 21, 22, and 23. N554 gates bits 15,
16, and 17. Thus, every RNI sequence will cause F1
to be duplicated in F2. the contents of the upper nine
bits of F1 are put into F2 whether or not the arith-
metic section is to be used.

Kse7

HOIA

As the signal passes down the chain (figure 275) the
control delay slave inverters gate F1—#F2, The timing
chain consisting of H518, H519, and H520 serves to
initialize the arithmetic section.

Initializing of the arithmetic section involves clear-
ing shift count register and sensing the signs of Aand Q
registers. If (A) or (Q) were negative the fact would
be recorded inflip-flops. Thisinitializing of arithme-
tic occurs each RNI sequence evenif arithmetic is not

~ e raad
to be used.

e e The arithmetic section function translators (F8XX
R Ve and F9XX) translate the 6-bit function code (from F2)
_‘l, and the three designator bits. Theresults of the trans-
lations are usedto gate the commands which carry out
s the required arithmetic operations. (See Logic Dia-
FI93 —4 F8io -—@
To3 F238 grams, page 1‘35.)
e e ,If"' The major arithmetic timing consists of six control
ssa8 delays. In mostcases one pass for arithmetic timing
will be six @ times long.
ceos Lo o] Shown are some of the common transfers that are
s part of arithmetic timing. Note thatclearing of regis-
Figure 274 =7 T' —{r=] ters occurs at an even time and transfer occurs at an
i N . N .
: NS5O Jses d . i
F1 to F2 Duplication s gpgo tsliltl:, Only in a few special cases willyou find the
N69I —=H500 H50l ~H502  |—=H503  [=H504 ——m
V500 VS0l V502 V503 V504 V505
(CLR_A2X %ATE CLR A[,Q GATE
ADDER-FEEDERS 1¢TO A 1070 A
CLR Q2) TOX 170 Q
I°TO Q2

Figure 275. Arithmetic Timing Chain (Simplified)

The arithmetic timing chain can be started by main
control, block control, or manual timing. In anycase,
to start the arithmetic timing chainone of two flip-flops
must be set. Either K100/101 {start arith Iy or K104/105
(startarith 2)will be et tocause the start pulse from
N687, N691, N693, and N659 (figure 276). K100/101-
(start arith 1) and K104/105 - (start arith 2) are shown
in Logic Diagrams, page 2-7.

J142
4319 o—Hness]
439
ko9
‘1 IsA
| N6aT

GB4A
* Nesi | sTaRT

[YITY
>] neo3

START ARITH | k(OO
START ARITH 2 K104

INT + TRAP + POWERFAIL J140 K373 WAIT FUNCTION

Figure 276.
K100/101 OR K104/105 Set

JS06 KYBD ACTIVE
J319 A+Q
xos2 @8 LOCROUT

ADDRESS MODIFICATION (FADR)

There are twouses for the FADR cycle. The first is
the adding together of address portion of an instruction
word and contents of an index register (Bb) to form a
new address. The sum of m and BP is gated back to
the lower portion of the F register to be used as the
address for a storage reference.

m+BP=M

The index register to be used can be determined by
the b designator of the instruction word (e.g., 20.1or
20.2) or by the function code (e.g., fixed-index in-
structions 22.4 or 42.4).

Indexing may be required for a RADR, ROP, or STO
sequence. Thus, indexing will be initiated only at the
end of RNI or RADR sequence.

Address modification will be referred to as FADR
(form address).

For the FADR operationthere will be a function trans-
lation of indexing. This will cause a static enable of
the designated Bindex (clear side) to the 16XX jpverter
rank in maincontrol. Therewillalsobe a staticenable
of the lower 15 or 17 bits of Flregisterto PXX inverter
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rank, These enables will be static during the FADR
operation (figure 277).

—_ Fom————————-—n
Bb_»lé—u{x\ |
_ I gAdder—e10—plFy,
Fl—» D—sh2”

|
i |
i |
| Arithmetic section !

Figure 277. The Flow Path for FADR

The lower 15 bits of F1 register are used for aword-
addressed instruction and the lower. 17 bits are used
with a character-addressed instruction. For all FADRs
main control willextend the sign on the value from Bb

and F L:
Example: Values added
Bl = 34567 00034567 = Bl with sign

F =20.177760 77777760 = F{ with sign

TIMING FOR FADR

TIME TERM COMMAND CONDITION REMARKS
V080 or K100/101 Start arith 1 Indexing Provides entry to the index-
V082

The arithmetic sectionwill perform the same opera-
tion determined by translation of the instructions func-
tion code. If F1 and F2 registers holda 50.2 the trans-
lators tell arithmetic to doa multiply. This is notwhat

N691 H100 Clear X and A2
N691 H510
V510/V530 H501

A2 is cleared by N520, N522, and N524 (Logic Dia-
grams, page 1-29). The output of the HXXX terms on
the AND gate to these N52X terms is a logical 1in a
stable state, H510going toa Obecause of its input will

V530 H571 XX 15 A2
V530 H541 18XX to X1
V100 K110/111 | 9% ¢ 7
V100 Clear
K160/101
V100 K110/111 Enable I0 to F
V501 H502

The sum of A2 and X will be formed by the adder.
A static enable from the adder's output to the I0inverter
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ing sequence at the end of
RNI or RADR.

When K101=1, it will set K536/
537 (FADR 1) and K596/597
(FADR 2) FFs,

arithmetic should do to form address M for anFADR,
When set, the purpose of FADR 1 and FADR 2 FFs is
to cancel function translations for the arithmetic sec-
tions. The flip-flops remain set during FADR.

(Arith busy)
(Wait function)

X and A2 are cleared.

permit N520, N522, and N524 to output 1's, clearing
A2 at the next even time (effectively, V500).

N640, N642 and N644 will clear X register.

At the same time the following is taking place:

Clear start arith 1.
Permits gating sum (M)
to Fp, later.

16XX g gated to X and I5XX js
gated to A2,

X=Bb with sign extension and
A2 = Fp, with sign extension

rankis caused by J825, J826, and]827 (Logic Diagrams,
page 1-34).



TIMING FOR FADR

TIME TERM COMMAND CONDITION REMARKS
V502 H503
V502 H201 Clear F (lower H201, clear F, 1-10%
15 or 17 bits).
V503/V523 H504 Word address--|{ Lower 15 bits of F are cleared.
V523 H110 Character) _ -|Lower 17 bits of F are cleared.
address }/
V554 K596/597 Clear FADR 2 FF
V504 H505
V110 K000/001 Set request bus
V110 H271 10XX 45 L Initiate a storage reference.
V110 H105 H271 (10 to F, 1-10)
V505 H102 Gate I0XX o F; Fj =M = m+BP
V105 H106 End arithmetic at V505 time.
NO51 K010/011 Set main control Indexing is completed and the
priority selected sequence is continued.
V102 Clear
K536/537 Clear FADR 1
V106 Clear
K110/111 Clear enable I0—»F

While the arithmetic section was doing FADR, main
control was awaiting arithmetic time 3 (V523) to input
H110. V110 is required to setK000/001 (request bus)

20,1XXXXX (FADR)

whether FADR has or has not been completed.
Let's compare the major points of timing for the
20. 1XXXXX and 20,0XXXXX instructions.

20,0XXXXX (FADR)

TIME COMMAND TIME COMMAND
V080 Set start arith 1 V080 Set K112/113
N691 Start arithmetic pulse V109 Input H110
V500 Clear A2 and X (adder feeders) V110 Set K000/001
A
V501 1° to A2 (F to IS static)
0t X (Bb to I0 static)
4 @ times
4____,// difference
V502
V503 Clear Fp, and input H110
V504/V110 Set K000/001 (request bus)
V505 10 to F1, (adder to IO static) X

Four phase times are added to the instruction exe-
cution time for each FADR. How many microseconds
is this?

The second operation is the forming of the second
operand address for the 32 and 33 instructions (also
for double-precision and floating-point arithmetic if
the option is present).

*Logj ¢ Diagrams

This process involves adding +1 to (Fp) to form an
address M+1.

OPERATIONS IN THE ARITHMETIC SECTION
Instructions for the 3300 may be divided into several
groups in which the instructions require similar arith-
metic operations. These are, in order of complexity:
jumps and skips, copy, interregister transfer, storage
shift, enter, load, increase, logical, replace add,
store, masked search, compare, shift and scale, add,
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subtract, multiply, and divide.

The arithmetic operations required by each of these
groups are discussed in this chapter. In most cases
the main control operations involved for each in-
struction are not detailed, as it is assumed that you
have read about main control.

The 3300 command timing charts provide a complete
phase-time by phase -time description of the execution
of each instruction.

The instructions in the optional DCD and floating-
point/double -precision packages also require use of
the standard arithmetic section.

JUMP AND SKIP INSTRUCTIONS (02-05, 10.1-10.7)

During execution of jump and skip instructions the
arithmetic section is usedto add two operands to form
a quantity which conditions certain operations. The
addition performed here is not for the purpose of form-
ing a usable sum; rather, a comparison is made by
using the addition process. These instructions are
executed during RNI, so indexing and indirect address-
ing cannot be performed at that time.

A Q, BP Jumps and Skips (03-05)
The jump and skip instructions listed in table 17
require one pass through the adder during instruction

execution. The general steps for executing these in-

structions and the arithmetic operation for each is

shown in table 17.

1. Jump or skip instruction is obtained from storage
and decoded during RNI,

2. Start arithmetic.

Clear X and A2 (adder feeders),

4. Gate operands to be added to form control quantity
(listed for each instructionintable 17 intoA2and X.

5. Form sum in adder. (Sum is actually difference
because the complement of one operand is gated
into X.)

6. Test sum for required condition. Set jump FF or
skip FFif test is satisfied. Sum is not gated from
adder butis tested by jump or skip sensing network.

7. Perform a jump or skip exit to next RNI if condition
is satisfied, Normal exit is made to next RNI if
test condition is not satisfied.

w

Incremental /Decremental Index Jumps
and Skips (02.1-3, 02.5-7, 10.1-7)*

The index jump and index skip instructions are con-
ditional on the contents of a selected index register.

*02.0 and 02.4 are no-ops.

Table 17. A, Q, AND BP JUMP AND SKIP INSTRUCTIONS

CONTROL QUANTITY
CODE INSTRUCTION TEST MADE FORMED BY ADDER
03.(0-3) Compare A with Test* for (A1) Arithmetic timing chain is started,
zero, jump equal, unequal, but adder is not used. (Al) is sensed
greater, or less directly.
than zero.
.(4-7) Compare A with Test* for (Al) Sum = (Al) + (Q_l)
Q, jump equal, unequal, @ = equal
greater, or less + = greater than
than (Q1). - =1less than
04. Skip next in-
struction if
.(0-3) (Bb) =y (BP) -y =07 Sum = (BP) +§
.(4,6) A)=y (Al) -y =07 Sum = (A1) + y*#*
.5,7) Q =y Q1) -y =0? Sum = (Q1) +y**
0s. Skip next
instruction if
.(0-3) (Bb) =y (Bb) -y =0? Sum = (BP) +§
.(4-6) (a)=y (A -y=0 Sum = (A1) +y**
.(5-7) Q-=y Q1) -y =0? Sum = (Q1) + y**

*Test condition determined by designator j, bits 15-17,

**y is sign extended for XX.4 and XX.5.
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The state of this index register is sensedto determine

if a jump or skipis to be taken, and also if anincrement/

decrement index operation should be performed.
Index Jump: (BP) is sensed for equality with zero.

If (Bb) = 0, the test condition is not satisfied and a

normal RNI from P+1 is performed. If (Bb) #£0, Bbis

incremented (02.1-02.3) or decremented (02.5-02.7),
and a jump to address m is performed.
The steps in execution of index jump are:

1. Instruction is obtained from storage and decoded
during RNI.

2. Setjump FF if BP # 0. (State BD is sensed by index-
sensing networks.)

3. Startarithmetic timing (occurs regardless of state
of BY).

4, RNI from address m if (BP) # 0 and jump FF is set.
RNI from P+1 if (BY) = 0. Arithmetic section now
completes execution of index jump while main con-
trol simultaneously performs RNI,

5. Clear X and A2,

6. Gate (Bb) to X via I, Gate output of PtoA2 (+1 for
incremental index jump, -1 for decremental jump).

7. Form sum.

8. Clear BP. (This command is blocked when jump FF
is not set.)

9. Gate sum through I0 into BP. (This command also
is blocked when jump is clear.)

Index Skip: (BP) is compared with y for an index
skip., If (Bb) =y, BP is cleared and a skip to P+2 is
performed. If 38 #v, BP isincremented (10.1-10.3)
or decremented (10.5-10.7) and an RNI is made from
P+1. (This instructionwill skip only if y = 00000 or if
y = 77777 for 10.4.)

The steps in execution of index skip are:

1. Instructionis takenfrom storage and decoded dur-
ing and RNI enable,

(F) % 15 and (Bb) - 10.

Start arithmetic timing.

Clear X and A2,

Gate F_L into A2 via 15_, gate (BD) into X via 16,

Add (BP) andy. YisF1. (Both F and Bb are sign

extended). This operation subtracts (Y) from (Bb);

If sum = 0, they were equal.

7. Enable +1 (incremental skip) or -1 (decremental
skip) from B,

8. Setskip FF if sum = 0(BP = y). Outputof adder is
sensed by skip-sensing network.

9. Set skip 2 FF is skip FF is set.

10. Start arithmetic.

11. RNI from P+1 if skip condition is not met ((Bb) #
y), from P+2 if skip condition is met (B® =y).
Arithmetic simultaneously completes execution of
index skip.

12. Clear X and A2,

13. Gate (BP)into Xvia I®. Gate +1 (incremental skip)
or -1 (decremental skip) into A2 via I,

14. Form the sum of (Bb) +1.

15. Clear Bb.
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16. Gate the sum from adder toBP via 10, (This com-
mand is blocked when skip 2 is set.)

COPY INSTRUCTIONS (77.2 ch 0000, 77.3 ch 0000)
The copy instructions load the contents of interrupt

mask register into the upper 12 bits of Al and the

external status code for 77.2 (ch) 0000 instruction or

internal status code for a 77.3 (ch) 0000 instruction

into the lower 12 bits of Al.

The steps in executing copy instructions are:

. Obtain instruction from storage.

. Set status—-A FF,

. Clear Al.

Gate contents of interrupt mask register and status

to Al. (External status code from I/O channel ch

for 77.2 (ch) 0000, internal status code for 77.3

(0000).

5. Clear status A FF,

6. RNI from P+ 1.

W N

SINGLE-PRECISKON INTERREGISTER TRANSFER(53)

The interregister transfer instruction is used to
move data between Al and Ql registers, index regis-
ters, and register file.

The single-precisioninterregister transfer instruc-
tion is composed of eleven subinstructions, each of
which 