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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 51 shows 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 treated 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 of data, 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 ¢ producc 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. 3302 Storage Module
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Py 1 P2 I P3 lCHARACTER 0 | CHARACTER | | CHARACTER ZLCHARACTER 3
X— PARITY BIT FOR CHARACTER 3
PARITY BIT FOR CHARACTER 2
PARITY BIT FOR CHARACTER |
PARITY BIT FOR CHARACTER O

Figure 53. Storage Word Format



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 2 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. Z 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 in the 3203/3209. 1In 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 wordis ignored
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 woxrd 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

storage modules

and 62, notice that any address

placed on the storage S bus becomes available to all

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 vV

l—> 14 BIT COORDINATE

\j

Figure 60. Function of S Bus Bits

When Referencing 3309
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Figure 59. Function of S Bus Bits
When Referencing 3302
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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. Gatethe 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 parity errors. (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 are other timing pulses in the
memory cycle but the ones listed above are most im-
portant.
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TIME —> 12 3 4 5 6 7

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 servicedonafirst-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 checksone
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 65.

-3
(4>}

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 GO82 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:

p418 $40C $25A
]Ylez”—;”msz l—»tsmﬂ LEFT BUS
palA $308

—L,___/ o—“ vusu}}—vﬂmev ! PRIORITY

$40D @258

L e o] mom

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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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~
veluped as a pulse is fcllowed down the delay line.

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

It is a good idea to "step back' occasionally to keep
track of our objective, which is to read the contents of
a memory location and re-store it in memory. It is
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 FF is set (by either G072 or G082),
its set output drops the output of D150 (a CAO8 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 GO08x 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 lo 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 72,
Memory Wafer

co
<D

A memorywafer 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 | BIT O
T0 o @
Y
TERMINATION ® USOTF(I:S:JS:
\\\ THE FIELD
CO-ORDINATE_—___~______——//’
"0000"
BIT 3 BIT 2
THREADS
THROUGH
ThE —@ YOO (DRIVE
ririn FROM TRANS-
FORMER)
| 9%
TO FIELD | THREADS DOWN

THROUGH THE FIELD



Figure 73, X Drive Line Configuration

(Front View)
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Figure 74. Y Drive Line Configuration

(Rear 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 write is 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).
Eachsection drives a current of approximately 400 ma
through a 50Q, 10w, noninductive load resistor.

Inhibit Lines

Since the drive lines affect simultaneously all 28
cores in a selected storage location it is necessaryto
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-current drive
lines, but in a direction opposite tothe 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 and will 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

A

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
cores disturbed 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 cir’cuit 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 compensator is en-
abled. The compensator circuitdrives 340 ma current
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co
Ha

~ O ~ O ~ O Q
Selle glle ¢z 2| rLanes, s, 9, ETC. AND 2, 6, 10, ETC.
NOTE:
— UPPER 2 BITS OF
' 4 44 ! Yomvs LINE DESIG-
4 NATOR INDICATES
anm ann _ . ~ INHIBIT STRIPE.
——— STRIPE3 g Y77
o——— 16 LINES 5 Y60
=
" ~ - = STRIPE 2 = - [vs7
[ (2] ——— 3
mﬂ wﬂ ol 8“‘ rc_ 16 LINES =1 Y40 | TO
azllaZ)|a3| |2 > INHIBIT
o <4
EollEal|Eal|Eo = STRIPE | 2 Y37 | GENERATORS
=1 {L=119= = = 16 LINES =1 Y20
= STRIPE O = Y7
* A
s LLLELLL PLANE 0 INHIBITS OPPOSE Y
DRIVE IN BIT PLANES
Y77 0, 4, 8, ETC AND
- = 3,7, 11, ETC,
5 STRIPE 3 =
Y60 O 16 LINES =
o2
Wz
T
He
T o . ]
[T The inhibit stripes in planes 0 and 3 oppose
. ”““ the Y drive lines while the inhibit stripes in
Y00 1 planes 1 and 2 oppose the X drive lines.
,': . .M 0
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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 DRIVERs drive line; bits 06 through 11 select the

Y GATES T | l I I
12|11 {10}09|08]07 |06]|05|04]03|02]01 |00
Y DRIVERS 1 l 4' I I l
S REGISTER

Figure 79. Storage

in to turn on. The Xtransformer drivers (D000-D015)
also need all 0's in to turn on. Onegate and two driv-
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? (The K712 and
K715terms are from the outputs of gate FF, K710/
711, discussed earlier.)

Y drive line; bit 12 selects the Field.

Address Bit Assignment
G300 = G302 = G304 =

G301 = G303 = 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-

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

X GATES
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X GATE SELECTION
S REGISTER
BITS 04,02,01

Figure 80. X Gates
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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, and we may as well enter into these,
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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 12 is a 1 to
select field 1 and a 0 to select field 0.

LO ADDRESS ———\ /—— HI ADDRESS

Look at the top of T326 again, On the right side at
the top you will find a 53 (decimal) and a 65 (octal),
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.

';r le Input Pins | Addresses

> | 1 and 15 Read lo

GATE !j 10and 6 Write lo

land 6 Read hi

ZT T3 10 and 15 Write hi

TRANSFORMER ! ’ L TRANSFORMER
DRIVERS 10 15 DRIVERS
4

GATE 1— 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:

1/10 101\
Bit 4 Bit2 Bit1l
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 forread____ (Were youinthe right field?)
forwrite
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, D115 for read, D113, D114 for write. If
youdidn't, check yourself 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 following table 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 alwayson during awrite
operation. C or D determines whether a Hi or Lo
address is read or written.

! , ' 15 1 ' lns
HEEE 28|82
olo]lo]e sla|a °

IIAII "B" llcll IIDII

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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HIZA
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HI10A
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HO9A

HOBA
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1327 T337 e

—> GI8SB H198B 'e—
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25 65 EIE ZF
T326 T336
GIBA HI9A

9 54 27 59

23 63 33 73
T325 T335
Gi7B Hi8B L—-

17 49 25 57

2\ 1] 3 71
7324 T334
GIiTA HIBA
7 39 15 47

o7 47 \7 57
T323 T333
G168 HI7B H
5 37 13 45

o5 3[? 1] EIE
T322 T332
GI6A HI7A
3 35 I 43

03 43 13 53
T321 T331

—>» GI58 HIEB  |e—

| 33 9 41

o]} 41 1] S|
T3290 T330
GI5A Hi6A

[s000 }—

Gl14A

Doo8

DOO9

Gl4B

Figure 82.

GI9A
DOIO

DOIt
GioB

X Drive Line

HI5A
Doi2

DOI13

H158

H20A
0014

DOIS

H20B



31 63

1437

—> 6368

29 61l
35 75

L

T436

G36A

H36A

33 73

T435

—>] G358

25 57
31 7

T434

G35A

H34A

17 57

T433

6348B

hanl

13 45
15 55

T

T432

G34A

1] 43
13 53

T431
6338

H3I1A

9 41

T430

G33A

G32A

D2
D13
6328

le—

—>

he—

T

—>

13 4%
15 55

T472

I28A

il
13

43
53

T4Ti
I278

he—

T

_l

T470

I27A

G37A
D114
[IRE)

G378

Figure 83. Y Drive Line

I26A

Di2s
D129
I268B

L3IA

DI30
D13}
1318
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;
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Y GATE SELECTION
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Figure 84. Y Gates

L2%A

607! (LEFT BUS —» S)

L44A

——>!!ns|24}———44

Jel2

L29B
R662

L44B
J662

Figure 85.
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Field Selection

MEMORY FIELD
¢ SELECT BIT 12

S060
S090

E338 Y DRIVER DISCHARGE

H22A

P

H228B

S060
S09l1

H23A

So6l
S090

H23B
S061 .
s09l
K73l
sl1o ) —

K70l H24A
st~ G314
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St T—-J»-——
K70l yH24B
(s110 - G315

K701 =ACTIVATE READ
K731= ACTIVATE WRITE
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Y TRANSFORMER

FIELD O

Y TRANSFORMER

FIELD |
DRIVERS s1z3 DRIVERS siz2
G38A 132A
K704 oioo |- —~Activate Read —— — k704 1”6
——>
D101 . .
K734 — --Activate Write-— —k73a T
is;eg l I328
1 Ga3A 1 I37A
D102 olis
D103 ons
]‘ G43B ]‘ 1378
l H39A I38A
DI04 - Di20
DIOS D21
j" H398B l 1388
1 H44A 1 I43A
| D106 || Dl22
oio7 DI23
]‘ H448 l‘ I438
i G26A l H25A
DIO8 Di24
DiOg DI25
T G268 ]‘ H25B
1 G31A H30A
DIlo DI26
Ditl D27
1‘ G318 ]‘ H308
G32A l I26A
Dil2 | | o128
DIN3 D129
G328 ] I268
G374 1 I31A
D114 _—
P DI30
DIIS DI3I
]‘ G378 ]‘ 1318
s125 S124
FIELD O FIELD |
G310 6310
G311 G311
6312 6312
6313 G313
6314 6314
G315 G315

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 CO03 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

e N

TO 6 ADDITIONAL
CO5 GATE CARDS

\\ (EACH CO5 GATE CARD
SELECTS ONE OF THE

TWO CIRCUITS ON A
BIT IN S CIO CARD.)
4 5041 —
2 8021 550 S

I SOI0 —

TO 3 ADDITIONAL

COS5 GATE CARD
C10 TRANSFORMER

CIRCUITS
4 S041 — L_-t_"
2 s02i — X |
I son ——={8000 )
1 X CO3 TRANSFORMER X
DRIVERS
S| | (2 OF 16 ARE SHOWN] S| 3
[e 3 Ne) (el N e]
ala Qlo
T | Y
ACTIVATE GATE
I
~ ; [} < 0
b 4 (o] o (o]
ul M M 124
o g © I ©
ﬁ, @
[+ <4 = O O O » O
w L LR k
- —o—-—=- L.
g S E87Bes puok
[ - 73 £3588 Laka
Q Q
g < ojn 0 0 o0 |0
* [:: l': = = !t
$050= LO WHEN A"0" D@ @ @ @ o
Selection is shown for the X coordinate; SO51= HI WHEN A"
Y coordinate is similar.
Figure 87. Drive Line Selection
MEMORY STACK
340 Ma ¢
* [ ]

DRIVERS EITHER COMMECT -

CONNECT OR CONNECT

sameer To | SOMEEY
FIELD ©
FIELD |

Figure 88. Simplified Gate and Transformer Circuits
Since this manual is not devoted to hasic electronics, (
SN——

operation of gate cards and transformer cards will be
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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1

HH

P +20V |

- e

\; 900 Ma PIN 4 g.'.

'd " %—
.!/-l»

GATE
| |
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
D 350 Ma - * ON READ LOW
D [ . |
: ! OUTPUT PIN 3
= Lo - -
CIRCUITS CONTAINED
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A CiO CARD
- - - - - = |
D 1 . ° 1
A ! [
T ! L=
= I i
+20V | to¢T T
900 Ma I pina - '
GATE ! + '
1 !
| L il + + |
| |
I | Figure 90. Drive Transformer Operation for Write
b 450 Ma
<] | .
! 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,
450 Ma ' !
D¢ ] - o J4+ - i
I B |
=y ] + |
| N |
| : !
- e : OUTPUT PIN 2 = +44V, WRITE LOW
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Worksheet: STORAGE ADDRESS SELECTION

. During an RNI cyclewith (P)=01571, indicate the terms that would be used within storage module 0 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

<D
s

4. 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
5. 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?

—
_{ —
\ 7 Up to this point, wc have:
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 '
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SENSE

FO3 I }

JTn

G401 xize
FIELD O —»Z ‘7“
FIELD | —> Z

604

LEFT BUS —>Z

Figure 94. Z-Register Inputs

J761
641l Mi2c

K158

TRANSMITTERS
TO DATA BUS

MisB

G031
RIGHT BUS —»Z

O zZ 10
Fi9
zin
G151
Z —> RIGHT BUS
G4y
606!} Z—» LEFT BUS

CLEAR 2

Figure 95. Delay Line Time B6

M34A
B6
-| DELAY MM eTRABE EIET R 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)
—'——__{ F\_.O 6 - "Ill
-1ov="0"
PULSE FROM
DELAY LINE
gy M348
375-| DELAY ¥¥* 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). E311 is a CO07 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.

Z 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 O 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.

96

which does not invert. E343is a C85card 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 c8s cel
5343]:F2774 }———)

I e IOV == B

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 word in 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-




LEFT BUS—>»2Z

K760
K797

i

G040

6041

i

K745 -
L28A

L27A

K745

L288

K745
k748 —O ’-

CHAR 3
O
o f]  [rml———o——f
L22
K741
Jesz '7’&
CHAR 2 l
Jed3 /O K742
L23
K743
Jod4e O
CHAR ! l
J64S /O K744
L24 L278
K745 K765
Jods /O
CHAR O l
Jos? /0 K746
L2s
K747
Jeag O
o
ADDRESS
Jodo /"‘., K748
L26
K749
G072 —- »——-I
LEFT S BUS —> S
RIGHT S BUS —> S Go82 —
. p268
MC G748
wae wreo —O— k763 |
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 Z register 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

S

% 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)
¢t ¢+t 4t 4t

Char Char Char Char | _ 7 X

0 1 9 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 O 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
[ voos] FIELD 0 —>Z
YIOS G21A
JTOS l K741 ﬂs‘tg
6400 KO8cC 2050 ‘
FIELD O —» 2 6410 13
FIELD I—> 2
2081
G040
LEFT BUS —» 2
GOS0 GI50
RIGHT BUS —> 2 Z —» RIGHT BUS
Gl40
G060 Z—» LEFY BUS
CLEAR 2 G218
K743 JLT:-‘@
In a read cycle, with one character changed by in-
struction execution, 24 bits are read. However, the K7 6234
lower character (3) is not allowed to feed Z register. K749 6402
Instead, the character from the data bus is allowed to ’LT—
enter Z register and during the re-store cycle the
newly created 24-bit word will be stored. 6238
K765 G403
Char | Char | Char | Char |= Core storage L‘f
0 1 2 3 (24 bits)
v 1 41 r3on
Char | Char | Char | Char | _ o , K148 0404
0 1 2 3 = Z register ’L,ln
L—F rom data bus
F368
K747 L(HOS
The write designator FFs are set by the central pro- e M30a LAIL}
cessor, depending on what instruction or cycle is be- STROBE FIELD O k310 ki ATTA
ing executed. M324

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

a8

SELECT FIELD O SI120

Figure 99, Possible Methods for Setting the Z Register



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
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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 BITS 10 811 S REGISTER — INHIBIT Y
K33A K35A K37A K39A
— s103 —
s051 —524"’—-—_| 5051 ﬂ“"’_ sin —s—‘E: sitl °
K338 K358 K378 K398
sos1 ﬁ: 5051 ﬁ: s L_- sy 2102 _
K34A K36A K38A K40A
_ 3 1 —]
s0s0 —3243 soso 5942 1 sno 2192 7 stio 3192 —
K34B K36B K388 X408
1 I 1 sioz — 3] 6037 R
$050 ﬂ%_ S050 —&-—— s1i0 _392— S10 Flgure 103.
cr32 NS K122 K724 TNETBIT K724 Inhibit Selection Logic

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 C09 card
and turns on with O input.

I064A

TI06B

TI07A

I078

G030 G030 O

GO31 —

6032 6032 —

Remember that parity is checked during the write 6033 ——0 6033 —{—0 D543 6033 ——0 { o583 |
cycle, so parity inhibits are also involved then. Tosa 038 Tosa
INHIBIT K725 —?——)@ K725 — INHIBIT K726 ——0
The combination of 2000 2060 2080
P304 and P306 trans-
lates character 3 as p3?6 TIi6A Figure 104. Partial Listing of Inhibit Line Selection
having an odd number 034 _704
of bits and indicates
hat inhibit should be 1188 - :
t : 6035 —L 2 Work the following problems:
turned on. P309 is 1. Program control has initiated a read operation at
the same as P304 p 1i7A address 17603. The contents of this address is
and P306. G038 _‘704 47623C12. During the write phase of read, which
Ii78 inhibit generators and inhibit compensators will
6037 —1—=0 pass current to provide proper re-storing at this
storage location?
F3os Tiea Bit 0 = Bit 10 = Bit 20 =
Figure 105. INHIBIT K721 O Bit 1 = Bit 11 = Bit 21 =
Parity Bit Bit 2 = Bit 12 = Bit 22 =
Inhibit Selection P309 Bit 3 = Bit 13 = Bit 23 =
Bit 4 = Bit 14 =

The numbers assigned to inverters have special Bit5=  Bitls=
meaning. G020, for example, is selected for any X Bit 6 = Bit16 = __  Bit24 =
addresses from 00-17, G021 for any addresses from Bit7=__  Bitl7= ___  Bit2s=
20-37, etc. The same holds true for the Y inhibits, Bit 8§ = Bit18= __  Bit20=
only the base number is 30. Thus G030 is for any Y Bit9= _ Bitl19=  Bit27=
addresses from 00-17, etc.

The G02X and GO03X terms select a stripe and the 2, List inhibit generators and compensators used dur-
D500 terms feed the specific bit. There is a numbering ing thewrite phase of STO cycle with the following
system here also. For example: initial conditions:

D 500 (F)=42062552 (A)=23476534 (ML 14532)=76431535

t*———— Inhibit stripe O, 1, 2, 3 Bit 0 = Bit 10 = Bit 20 =
Bit position 0-3 Bitl=  Bitll=_ __ Bit2l=_
Base figure Bit2=  Bitl2= Bit 22 =
D 779 Bit3=__  Bit13=__  Bit23=__
Bit 4 = Bit 14 =
' W— Inhibit stripe 2 is needed. Bit 5 = Bit 15 =
|——> 77-50 (base figure) gives bit 27, Bit 6 = Bit 16 = Bit 24 =
Bit 7 = Bit 17 = Bit 25 =

D772 would be turned on if character @ required 0 Bit 8 = Bit 18 = Bit 26 =

stored in the parity position. Bit 9 = Bit 19 = Bit 27 =
101



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?

_ kﬂ

Ve

DUMMY LOADS

G20A »*
———)-—/\0040 AN——
6208 *

t—>{ oost
G25A %
,——)-—I\m AA ——a
6258 *
t—{oe fF—vA—y
v

6406

L~ +
READ OR WRITE = +25 Voo

50 4"\ | |0W, NON INDUCTIVE

Figure 106. Dummy

TIME —> 12 3 4 5

Another quick review--you supply the titles

U W N

The next operation which should occur is:

M36A
ars~| DELAY ol WRITE ON
ACTIVATE
WRITE NOSB
€321 ———3 K730 K734
L35 K736 | L31B
E334 ——> K731 Eass
G171 ——T Figure 107,

Write Cycle Turn-On

E321sets activatewrite 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-
roxr 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
CO07 card (emitter follower).

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

1A0
Ava

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.
I. 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~ DELaY %% STROBE PARITY

LB K797

E322 STROBE PARITY
T657

DISABLE PARITY

L29C —
(DISABLE PARITY)

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

T657

RB K796

Figure 108. Parity Strobe



NI3A

P300 P30

» P304

@10A

2108

» P39

@23A

-]" P329

0238

P339

TO % R560

PARITY
FAULT @31A

P302
NISA 3118
206 2070 ] st | glalll il
2071
P3I0 P3II 2251
208l
209! NGB BI5A 816A
P315 P316 P318
2250
z1012110 K743- WRITE
ZI DESIGNATOR CHAR.2
P32
2120 NI7A NISB NI9A 3124
21212130 P320 p323
Z13) Y
P320 P32
NISB
> P325
[ I |
WRITE DESIGNATOR -K765
p322 CHAR. | K749 —
WRITE DESIGNATOR
ADDRESS
7180 N20A N2IB N22 A 3128
7181 2190 P330 p333 — » p33a |- P337
Zio1 =
P330 P33 7271
N228 319A ©20A
P335 P336 P338
7270
K747
WRITE DESIGNATOR
CHAR O
(STROBE PARITY)(DISABLE PARITY) - Gl
N44C 002¢ FORCE PE
LB —ﬂ R358 p342 K702 WC- 6174
PO2AB
ADDRESS K703
TRIGGER
NO4C T
RE 6090
[ren F—2"%

—

_%/0*

Figure 109.

Circuitry Showing Method Used to Determine

if a Parity Bit must be Stored

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.

\

TIME —>

12

103



N248 M42A

LB ~—¢lR640 ]—»{ J640 }——7)———— 760 -
N24C M24B b Char 3 £312 —O-»] 6250
RB ——ﬂaem Wsm J——7o——> K740 K797 4 BITS

L2z H22A
» K741 G040 00-05
N25A M42C
L8 R642 J642
%
N258 M42C CHAR 2
] o >
RB——#[R643 HJ643 K742 1
b /u L23 H22B
»f K743 GO4l 06 -11

K745 4
N25C M43A lLZBA l H22¢

LB ﬂ“e“ '{“'644 I K749 —>{szoo }——-»{ 6042 l 12- 14
L

N26A M438 y CHAR |

K744 j
L24 L27B L40¢ H22D

K745 K745 A{GZOI I————DFGO‘%S] 15-16

ool
feal
pes}
[+2]
5>
[4,]
[
[«2]
D
(4]
| I
M
Y

N26B M43C L28B lH23A
LB R646 4646 |—10— "‘J,:g 6202 I——»[ 6044 l 17
N26C M43D . L CHAR O
RB——ﬁgﬁeW }-»Psu L o K746
j e | 25 H23B
K747 » G045 18- 23
N32A M44A
LB R648 J648 o
N328 M44B [ v ADDRESS
RB ‘ﬁRSIlQ ]——»{;49 f o K748
- L26
K749
6073 —
LEFT S BUS#»S
by M37A
RIGHT S BUS®»S G083 775~ Eﬂiéy PARTIAL WRITE CLEAR

9248

MC Gi74
WRITE K760 E323 - Clears the Write Designator

Bit FFs,K74-/74-.

PARTIAL WRITE CLEAR E323 R —

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

Figure 110. Write Designator Bit Clear Enable

TFigure 111. Data Bus Transmitters Off

M368
4 0
8oo-| PEVEY [€330 | TRANsMITTERS oF  E330 (transmitters off) clears K782/783.
See figure, See figure 112 for remainder
of drawing.

e



DATA BUS

Z-» BUS, BUS—>Z E3I2 K796 SELECT RIGHT BUS
" " READ K761 —O~F K782
N28
TRANSMITTERS OFF E330 — > K783 > G140 | L27A
]‘ > Gi41 | L27B > Z—>LEFT DATA BUS
MC GITI -
Glez2| L27C
<

SELECT LEFT BUS K797 Gi%0 M29A
—>| Gis1 | M29B > Z->RIGHT DATA BUS

— G152 | L27D

975-

ceiay | 09 M338_ i Figure 112, Data Bus Transmitter Enables
DELA £334 | CLR WRITE, GATE, INHIBIT FF's

BLOCK INHIBIT
J725

K722

r
»
(=}
>

INHIBIT L40B
E320 K720 K724

i

L34 NOSA

K712 E334 ——J K721 K726
GATE HOIB
| $30A
:{K?lq I G171

H

E303 —» K710

[ K728
L33 HO2A NOSB
E334 —» K711 =|]K7|3 I

G171 ___I HO2B

GOIA
K717
ACTIVATE
gois WRITE NO6B
! ?
E32] —>» K730 K734
g308 L35 K736 | L31B
g406 334 ——>» K731
E €338
GI7!
N44C go2¢c FORCE P.E.
READ K702
STORAGE
PO2AB
K760
K703
L37
K761
WRITE
STORAGE
Figure 113. Clear Enables oS!
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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

ot

[

BIT GO
S000
LOS
—>] SOO
AL
“~
BIT 05
S050
Lio
—>» SOS|
6090
CLEAR S

assumption that the next cycle will be write.

Figure 114. Clear "'S" Enables

X TRANSFORMER

DRIVER SELECTION

S REGISTER
BITS 05,03,00

Figure 116. 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_|
s03|

s00! _|
s030

s001_|
S031

S050 +

SOS1—

4

HO4A

1

HO4B

1

HOSA

4

HOSB

4

K731

x
]
9%

HOB6A
G304

Hoee

K701 = ACTIVATE READ

K731 = ACTIVATE WRITE

E338 Y DRIVER DISCHARGE

K29A
" S060
$090
K298
S060
so91 T © Ex
K30A
506!
soso"
< . K30B
06l
sosl"
K731
suo——(L—
k7ol |
sm—iﬂﬁE
K731
sm-ﬁ-—J,L
K701 K318
L " _ﬁé

K701 = ACTIVATE READ

K731z A

CTIVATE WRITE



Dp

1125-]

Dg CLEAR BUSY

4 0 B B

D¢ BUSY
K770
L38
bp E332 K77\
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.
Y 3.
/ \ B
5.
/T
7.
8.
TIME—> 12 3 4 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.)

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 transmissionof 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 informationfrom 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) and drivers
Set K770/771 busy FF (6-5) (6-17 & 6-21) i
K773=1 and transmits busy signal and
disables GO7X & G08X inverters (6-3)

T 7

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)

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

B4 E312

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

B7 E311 Enable field 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-
dundanton 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 (6-5),

End of write cycle

E2 E331 If no partial error or disable partial 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 G07T0>G072 = 1 if busy (6-3)
Set K796/797, left bus selected (6-3,
Set K780/781, reply and transmit reply (6-3)
Emnable 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 activate read FF; 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);

A1) E339 enable clearing of K760/76]1 on write stor-
e (6-3
B4 E312 ?’ﬁeaxg K7250/78 1, 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 Enablefield 1 —»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)

Cl 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 — data bus (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 ES331 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 location according to the fol-
lowing assignments:

WRITE W, W, W, W3 W,
Bits 00-05 | 1 - - - 0
Bits 06-11 | - 1 - - 0
Bits 12-17 | - -1 - 0
Bits 18-23 | - - - 10
Bits 00-14 | 1 10 0 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 not used 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 above, 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)

500 | 500 |

-2 |

Figure 118.

P
[y
<

n SEC. i

n SEC. |

Storage Reference Timing



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.
111

Figure 119,

8K Memory Module Flexprint Assignments



3300 Memory Power Supply
Power supply is not covered in this manual.

Circuits notcovered so far in this manual are shown

in figure 120.

$38A g38E p3ac
s00! | 3041 | sos1 —>{L758 ||

$388 P38F $390
soil Lzsi||  sosi | 5091 —»{L759|

g38c p39a g39E

sozl 8061 —| LTS l suon
s031 | so7! L7s l s LTG!

S LIGHT DRIVERS

*** @ K798 ¥996 | TO P.S.

H

100 uSEC @28 ga3p
G171 K799 [ T728

@448
T729

i

CLEAR Z

D
x
]
Eb

I
N
w

i

x
n
S

G062

i

PULSE GENERATOR K750 -—

WMC 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.

A memory 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
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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 a malfunction 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. (Answeryes or no) Could the error be in the inhibit
circuitry? If your answer is yes, go to
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
containwhich addresses is to remember this table:

Module Number Contains Addresses

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

W= O

What module is causing the trouble 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 Z 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 foreachword.

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 and each
stripe parallels 16 drive lines. Now, how could
the inhibit circuits causethe 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 X transform-
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 , ,
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
specificthanyouwere. Canthe circuitry be broken
or divided more thanyou have done? Wherewould
you look in S register for a failure?

Address Bit Number

11109 {8 7 6 |54 3210
40004 000;,000j]000]100
40005 000{000}00O0}101
40014 000j00O0f0O01]|100
40015 000|000}j001]101
40104 000j001(00O0C(100
40204 000|010|j00O0]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 other 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 to investigate 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 are0O, 1, and 0 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 H09A in module 2.
This circuit just abouthas to be the problem. Re-
view the procedure for troubleshooting this prob-
lem by readingthroughthe flow-charted summary.
(figure 133).



Localize
the trouble.

First indication of trouble

Is the problem
with memory?

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

Could a sense

amp causethe | Yes

trouble?

Could it be| Yes

Yes_ Perhapsitisinacommoncircuity inthe processor,
such as thedatabus register or the transmitters.

> Determine which bit number and which

field, and then replace the amplifier.

inhibits?

Could a drive

No Yes

> Determine which inhibit. Is it

for all stripes or only one stripe?

line transformer
cause this?

¥

Is there anything
common about the
addresses?

>

No Yes

Could it be bits
11, 9, and 6?

Could it be bits
10, 8, and 77

It has to be either bits 4,

Could it be bits

5, 3, and 07

¥ Determine which trans-

former and replace it.

Yes

It hastobe a Ydriver or one

Yes

of those bits in S register.

oIt has to be a Y gate or one

Yes

of those bits in S register.

It hasto be an Xdriver or one

2, and 1 or the X gates.

Figure 122, Troubleshooting Flow Chart #1

® [ ocate and replace

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.

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. Thefault cir-
cuits are covered in other problems.

NOTE:

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 oflocation 20040 to C reg-
ister for observation. If thiswas your choice,
go to step 4 .

. You entered (via keyboard) all 7s inta 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 S.

d. Youclearedlocation 20040 and thendid a sweep

You entered (via keyboard) a load A fromloca-

[2}

b
[9%%
€]

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 youanalyze what comesto A 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.

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 O 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 whatcomesto 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).



First indication of trouble @

Can the trouble
be localized with
the available in-
formation?

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 /

a process of elimination.
Localize the trouble. P

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,

No [ Could it be\ Yes

inhibits?

Determine which in-
hibit stripe is at fault.

v

Has the stripe num-\ Yes
ber been determined?

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

Determine which
gate and replace.

If the compensator were bad
all locations would be affected
(either loss or pickup of bits).

Could it be the
compensator?

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

No (Couldit beanin-

hibit generator? Determine which one and replace it.

Figure 123 Troubleshooting Flow Chart #2
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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 control

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 8309 senses for illegal write conditions.

o
[\M]

13.

14,

15.

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

123



vélL

*GgT 9an3ig

wreade1g yoo1g o1d xopu] oSed

52
[ ] 06 THRU 08 C.PU. C.PU.
B ADDRESS  ADDRESS
st ~ BIT i BITT
M) |
03 THRU 05
03 23
o 2 WRITE GATE [ WRITE DRIVE -z—z- ILLEGAL
e — No WRITE
S BUS 00 DIODE MATRIX 2701 o DETECTOR
Ze ’T‘
C.P.U. ADDR.
DIGIT PAGE FILE SENSE Li_a] BIT N
DRIVE 24x64X2 AMPS )
z — z
Li_t]
10
—0—9—
08 C.P.U.ADDR.
BIT 1l
Zo i
C.P.U. ADOR.
DIODE MATRIX BIT
0 2 PARTIAL
ol PAGE
READ GATE READ DRIV o)
s! € [ E 00 T ADDRESS
03 THRU 05 -
05 —~ ‘|‘ C.P.U. ADDR. (MODIFIER)
READ/ WRITE @, BITH
PF
M
0o N
0l THRU 06 00 THRU 02
12 THRU I7
E2 [T 7]
16])
I THRU 17 o
) -
i N~ i
SELE NEE
s BUs ! g raa\ 10
FROM r%—s—- \_/ 109 |
MAIN 09 THRU 10 os
CONTROL
(ADDHRESS) 00 THRU 08 EXEC.
. EXEC.
M
] _/
1O O LQ_Q_

STORAGE
REQUEST

S 8US
TO STORAGE
{ ADDRESS)



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 material in this chapter
is based on the assumption that the reader has familiar-
izedhimself 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).

To extract data from an address, a read current is
appliedto the wordline. Thiscurrent aligns the fields
of the cores on that word line in the same direction.
Each core that was storing a 0 will already have its
field in this direction and does not switch as a result
of the read current. The field of each core that was

S

POWER
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STANDARD BLOCK /o
PAGE ARITH CONTROL | CHAN
POWER |INDEXFILE POWER
PANEL DISPLAY |[FLOATING 0-1 |PANEL
POINT MAIN
[PAGE INDEX OPTION CONTROL
FILE
(RELOC) INTERRUPT
OPTION
Figure 126. 3300 Physical Layout
@%@m BIT 0O 0ol 02 03
A word-organized memory differs from coincident
current memory inthat all of the cores for a givenad- ADDRESS N ~
dress lie along only one drive (word) line. A word- 00 < / / < w
organized memory has its cores arranged in a matrix {
as shown in figure 127,
A 4-bit, four-address matrix is illustrated; however, ol A W
the matrix assembly would be the same regardless of _—Z:/ A /: Z ’
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 Vo %0 )% N w
all cores inone bit as is the digit line. The cores are 41 Al Q"
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 j’ 2 VP V} w
core’s flux fieldwill indicate whether the coreis stor- A '
ingaloral0. »
S
D

D

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) and that 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 donewith the cores at the selected addressin 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 applied in the
opposite directionof the readdrive 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.

Thedigit currentis represented by +I and -I. When
a 1 is tobe writteninto abit 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 0 is tobe
written, the applieddigitcurrentis -1. The write drive
current, 2I, 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
coincideit current inemories is the fact that a 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) willbe 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 pulseis 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 field in 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 applied digit 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 selectedte be switched. The
write currentis of iess magnitude than the 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
through the two cores (figure 129) so that while the digit
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{i 4. Logic translators - translate the output of Sregis-

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 1.2amp. The magnitude of 1.2 ampis 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 already been mentioned: The bipolar out-
put onthe sense line simplifies sense amplifier design
and provides 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:
i .

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

[
[§-]
w

L/ ~ END
gl - iR &

r in order to enable the proper gate and driver.

-~ Other logic associated with the register file are:

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 pnd 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 Close -up of Register File



Figure 132. Register File Block Diagram

WRITE
\ AD
U g
TOP L N
/ ;7
ey er— 00 A /
A OO OO TNy \
PLANE | <
1A D * T\ N
Y oetacesics

<—— NORTH
(CHASSIS) L, SOUTH ——>

(8. ala'aa'A a)
A
AV, VLV, VW ,\ W W ,\V FI\V.V\V\V V., V.V,

-——wr
. F o

.Figure 133. Word Line Wiring

129



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 aword line 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

TOP
BIT 00

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. Forexample, the
digit and sense lines for bit 0 will pass through all of
the bit 0 cores in the 77g addresses.

/1" 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—

SENSE

WORD LINE SELECTION

A wordline is selectedwhenever a driver anda gate
are enabled. The drivers andgates 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
Jword 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
— — ~
QY
4 3
* (e
CONTROL piite
SIBNAL Do o
IN \ 2 I
-20v
Figure 137. Gate and Driver
DRIVER



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 to pin 5 whenthe strobe pulse is applied, the AND

\"  Differential |
Sense line 4 1 amplifier
5 1

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 foundin 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 a bidirectional
output onthe digitline. The digit drivers are in Logic

Diagrams, page 1-98.

A C
X N s
—'0-—-i
4/ I
<+ 20V | DIGIT —20V
— WV | v
1 LINE '/
1
4 4
‘_’/ Figure 140. Digit Driver
B D

Z REGISTER

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 has been activatedby a trans-
lator which receivedits input from the upper three bits
of 81. Read drive current flows from the driver o 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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from driver to gate but in the opposite direction,

Read

Word line
current

Write

Sense line
L
Sense line | 1 l .

Core B
Digit current, writing a 0 0
“Gore A"
Core A _
Digit current, writing a 1 \ 1 \
Figure 141. Timing Figure Core B



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 aninputas shown onfigure
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 are inR direction (figure

FROM DIGIT

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 1
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NOTE:

(UPPER 3 BITS)

I. J9—JI2 ARE CDC 24549707
2. JI3—JI6 ARE CDC 24554802
3. JIT—JI8 ARE CDC 2455480t

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 St
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 3

T125 sltos?
Clr K010/K011

T275 Storage S Bus Address to g3
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 Zg.

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 Aj 1o.
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.

142

WRITE PAGE FILE

E STORAGE REQUEST

3311 CPU
ADDRESS
ind

L‘ DATA

REPLY

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
— Q
3311 CPU
ADDRESS
DATA >
REPLY
’

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 Zy 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 Zy will be sampled.
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F_REGISTER

S2 UPPER 3
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{ROP +STO + BDP OP. CY.)(OSR SELEC

+(STO 8RTJY]

R/W STO + R/W R.F.

L
000 1% P
EXECUTIVE
& cPU
MONITOR [(RNI+RADR)+{STO&RTJ)+ s BUS
(ROP+STO+ BDP OP. CY.){OSR SELECTED)]
—_—
[1iz_15] {a 11 10 0908 od INPUT TO RELOCATION
\ ~ N~
PAGE FILE
23 12 1 00
000 00l
Ze Zo
176 77
CPU ADDR. CPU ADDR.
BITH BIT I L
11 100908 020l oo
P. A PP PARTIAL
LE G L,I\ ,[ ; PAGE ADDER {NO END AROUND CARRY}
ADDER
anten
iz | [ 13 10 0908 00| OUTPUT FROM RELOCATION

C.P.U. ADDRESS ,

/" BITS 09410 T0 N
MODULE 8K

ILLEGAL SELECT COORDINATE _—>
WRITE SWITCHES ADDRESS

DETECTOR p’—____>
L STORAGE
S BUS
STORAGE
REQUEST
RIGHT OR LEFT

Figure 151. Address Flow for Executive Mode
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ILLEGAL STORAGE REFERENCE DETECTION is in Program State (see figure 153).

The 3311 senses illegal storage references when: 3. The CPU address specifies a reference out-
1. E =1, all other bits of the page index equal side the limits set by PL (see figure 154).
zeros, and the system is in Program State When the CPU S bus bits 09 and 10 are equal
(see figure 152). to or greater than PL, an illegal reference
2. E =1, awrite is specified, and the system occurs (except when PL = DO),

Monitor R325
Z000
7010 ——O0—» J451

2020 R611--CPU ADDR. Bit 11
Z030

o '

2 o J452 % J450 T009 Illegal Write
pA 2050

7060 T*
Z070
PP K006 EXEC. and Reply Sent to CPU
all 0's  Z080
7,090 J453
7100
7111
K016

Figure 152, "Z Even'" Illegal Write Test

ite ROO
“érzlf 8 ——o—»f Ja21 J325 Monitor and I/O Cycle

l

J422 J420 1 T009 Mlegal Write

CPU ADDR. Bit 11 R611 -—T

CPU ADDR. Bit 11 R661 —1
J432 ‘T—N J430 > T019 Ilegal Write

K006 EXEC. and Reply Sent to CPU

!

Write R008 1 | J225 Monitor and /0 Cycle
e O]
E=1 z231 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
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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 inspectsthe highest-order
bitof 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-numberedpage 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 (S6 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 connectsto the CPU viaflex jumpers.

6. The 33]1 relays the Storage Request signal to
high 4nd 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
e

units is that the same number of cores switch
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13,

s

F11.

14,
¥ 15.
x 16.

1 19.

«

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

12. There are é ¢  cores on each digit drive
line. 1N

The Page Index File stack consists of a cubic
matrix containing { < x 2 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.

" 17. Two read/write cycles occur each time the ‘

Ly

Page Index File is referenced.
18, The3311samples ?g*?r 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 presentedin Printed 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
chainoffour 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

woti as3 —fnorz a4 HOTS Q39S

YOTi voT2 vors
voT3 vo7e
K090 —» NOT2

Figure 158. Resync i

The first control delay of the timing chain has a three-
way ANDed input.
1. N053: 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 @times after the HO7X term receives
an input. This is true of all control delays.

NGB 3
HOTI HO70 )
HO72
vo70
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 1by this time, a synchronous pulse is pro-
duced.

INPUT TO

T3TOT! TZITI‘S'TO T
HO70

HO70

vo7o

HO7I

vor!

HO72
vore i f

HO73 —

vO73 ——. .
- = LOGICAL ONE

Figure 160. Resync Timing

Start

The RNI 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 to be 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 by
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
09 U302 SW + EN
SW/EN CONT — 302

INITIATE
0 vo?1

G0 _SYNC

A6

w®—> ]m 0 K304 ko78
AS SW + EN 4328

G0 —> M304] o K305 k079

Josi
X090

08
SW/EN CONT ——)

J362 SWHEN

Operator pushes GO, set K304/305.

V071 (t1): Set K078/079 (go sync).
(t2)
(t3)
V070 (t0): Set K090/091 (go).
(c1)
NO72 (t2): Outputs a logical 1. Thisisthe startpulse

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

vO7I -———Pl HO72 > HO73

(o]

G0
voT3  LockouT
K092

K093

INSTR STEP KO70
ZYCLE STEP KO72

vorz

Figure 161.

Go Logic

vo72 NO072 will have only a 1 out at t2 after setting of
V076 K090/091 and before setting K092/093,
GO K090 —»|N072
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 1T23 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 ——I

(¢
)T

1—-’

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.
Ty after 2 msec duration:

M337 =0, M309 =1 (Master Clear)

LAEer 5 msec duration:
Set K388/389

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

Continue in

305).
|
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STATIC CONTROLS

The static controls are used to enter data from the
keyboard. These include the keyboard entry controls
and the breakpoint controls.

KEYBOARD ENTRY CONTROLS
The keyboard entry controls are used to control (1)
entry of data into C register from the keyboard, and

J943

4315
w30 !5 BIT

(2) transfer of this data to the various registers.

COMMUNICATIONS REGISTER CONTROLS

Entry of data from the keyboardto Cregister is con-
trolled by C register controls which include the digit
counter, the sequence counter, the digit sequence
chain, and various timing networks.

M3i4 -12 BIT

DIGIT COUNTER

Js
y37r

N308
J3ie —6‘—4 K321

K320 K324

——Q——H K322

X323

K328

F——0—{ x320

N3I0

p—————r-O——>»{ x328

N3OS

———OQ—>{ k326

N3i0

K327 K329

Figure 163.

The digit counter is a chain of six flip-flops which
controls the entry of successive digits into C. The
counter operates by moving a combination of setting
and clearing inputs down the chain.

The various combinations are translated by the J320

Digit Counter

inputs are satisfied. This allows a corresponding ]340
to J347 term to output a 1 to turn on the proper light
driver card to light the blue background indicator in the
desk console display. This background indicator shows
the digit position to be filled next,

to J327 translators. A translator outputs a 0 when its

DIGIT 327

K328
K33)
K329 .
e O—+ 4321 341 O Lasi | 1
4 2

X325

O 1653 | 3

Additional digit counter
translators

J344 O 1854 | 4

R

Inputs {
from the
digit counter

135 —o (s} o] s
L850 to L8357 are the

K33 —o-{ s [ssse}o~{tse] ¢ Jight drivers for the
field digits of C register.

ENABLE DIGIT
DESIGNATOR LIGHTS

.S

]320-]327

Figure 164. C Register Enables

150



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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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.

Keyboard

Figure 172.

K332

K334

1TEsD 81

_ B4 1T65A 2s90¢C 2RT8C
R

K333 -70—
X333 ~—70—

A keyboard clear is performed to initialize theC
register controls.

The A, Q, Ey, or Ep, 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 J347 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 computer is running. The
AND gate into J313 willbe broken as J090 = 0 when the
computer is running.

READ STO 4368

SWEEP 4398

2R7TTH

ENABLE DIGIT

DESIGNATOR LIGHTS 242
oi

__%>.__

02
HF KYBD ACTIVE
1899
REG SELECTED 4331

R
27288 25904 zRe2c

15 BIT s294
15-81T M310
12-v uau'u

T e
87 17685 25900 2R 780 x333
w e
> im 1336 s

2R33A T 369
N3I0 M753

. ITe5F K332 — 0
%]
: ’ K334 —470—
ITESE o 1T68¢C
83
& —>—fer]

17668

7]
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

242 - %0 sos2  Q
& 1TesF 2Te38
58 —>—sffuss | e

2R82A  2RE3A

2T86D

89
e ——)
B2

a+e+E+P+BD
4354 15-BIT

2R44C

J369 READ + WRITE STO
WT753 REG

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)
VO71(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
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Return to * for next odd digit if K336/337 is
clear.




TIMING FOR 24-BIT ENTRY (Cont)

TIME TERM COMMAND CONDITION REMARKS
VO070(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

Atthistime C register will hold the 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-

Digit Digit Digit Digit

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

KYBD Sl 7 6 5 4 3 2 1 0
CLEAR| A
P R|P R|P R|{P R|P R|P R|P R|P R
K320/321 ZAU h
K322/323 AU
K324/325 p Nl Digit counter
K326/327 ALY
K328/329 U
K330/331 Y7/ /A
K332/333 i/ R/, WA A, Siquence counter
K334/335 A | T | 0 | 4 |
K336/337 7777 Last digit flip-flop
N308 7 7 7 % Stquence counter translators
N310 1708072 7 1% 2 % J
1315 0005070000 0000000000 07 7 \I
J316 gz 07700772077 470 | Additional digit counter
- T Jtranslators

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 must be 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*

15

(5>}

TIME TERM COMMAND CONDITION REMARKS
**Async One of the digit keys (0-7) is pressed.
Y850 Provides 30 ms delay.
V076 (t2) K300/301 | Set digit key (Sweep) (Last digit)
press FF
(t3)
(t0)
VoT71(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
VO070(t0) H301 Set selected digit
VOT1(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.
VO074(t0) | K300/301 | Clear digit key
pressed
(t1)
V076 (t2) K334/335 | Set second flip- N310 = 1, advance digit counter
flop of sequence
counter
V073(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 K322/333 (first flip-
quence 1 flop of the sequence counter).
(t2) N308 =0, N310 = 0.
V073(t3) | K312/313 | Set digit se-
quence 2
VO070(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)
VO076(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

J317

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

4368

242-ce 27182
M358
SW+EN J302

i —
4304 READ S$TO  ayT0 STEP KOT7

X076 AUTO STEP

J314 KYBD ACTIVE

Fe 27188

TRANS —)

J368 READ STO
Y858 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).
(t1)
V076 (t2): Set K358/359 (wait priority).
V073 (t3): Set K314/315 (enable C register),

The processor must be stopped for manual entry
into a register. Maincontrol will 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 (t1) If K210/211 (block control bus priority)is
set, test again at resync t1. 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 + EN 307 |

BLOCK CON® PHIGRITY K211-
x3%8

READ + WR'TE STO J369

J332 is the setting input
that will be used.

NOSH
4330
x210
K341
2356

Figure 177. Keyboard Bus Priority

TRANSFER
x302

X303

Transfer Logic

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

controls (Logic Diagrams, page 2-19).

TRANSFER ENABLE C TO
LOCKOUT SELECTED REG.

S ko

2R23 vOo73
x302 —O—

vora

4309 —s| K31t

WALT
PRIORITY

K358

vOT4
J308

voTE
K311

2R22

4309 ———» K339

vOT4
J308

1332 = (go)(SW+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 I0 to A
register. Trace this path on the block diagram,

Setting of K342/343 (keyboard bus priority) drives

€002 ﬁ
"t o—#)——- €100
[reed] ] cTor O
o1z —tf‘r ]
[} 331 '/’.)——- cri0
o c7u }—
E022 ——?c 1
|
H301 —»f N30L
#s?
n3tg —{ 320 |

AUTO LOAD +
AUTO DUMP

Jo50

380

-MEN OR FILE 3304

READ STO-HEY ReTIvE Bo7
D BUS PRIORITY K

we Ew Kss2

T657 STORE INTERRUPT
TRANSLATION

Figure 178, C Register Enables

J348 to a logical 0. ]350 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 will disable the
inputs to the EXX2 inverter rank, the output of which
willbe logical 1's. N440 will be one of the gating terms
which gate C7X2 inverters to DB register.
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2630 (INTEMRUPT TRANSLATION)
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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:

160

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 Bb F6 08 285 MC
¥01§ O p————
CLR Bb
BKFT LOCKOUT K136 O Seur | 2geo
ROP KOBS _ Eg«z_w 2H28R
¥006 81 F354 Neu3 228 e
(54.0-5403) Fu20 U5 2N38B
(RRITH BUSY) e5d| 2p288
B2 F353 -:;__ﬂ 2g288
V310: Input H241 (clear B).
J285 MC
¥310 L l
KYBD ACT, J207

15 BIT R34 o ] eut | 2813
Hess| 2pase
8pp

70 F3ee LORD 83 F353
RESUME 1352 O 1551
BDP ¥360 Fize1] 2ss7a
RESYNC 63| 2ps7B
Nees| 2g67B
F355 B3

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 Bb), _

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

V315

V316

V317: Same as for enter A register.

KYBD ACTIVE J314
P SELECTED M3I8

READ STO SYNC J207
15 BIT J254 c--2—8b

KYBD ALTIVE J3gs -O- Heus | 2975

roor ¥312 Euzn 2N30R
F352 N273| 2N30B

cre o0° — oo H275| 2M8LE

- FLH N281) 2@30RA
’—-a 80! F3suy N283| 28308
FOIl —t
z001 .o
enz 2nz2 —
> BI1i AHE LS 2P75
N285| 2 4L B
F—mzm 2#55A
Foar ~— F35¢6 ﬂr«zsz 29585
1002 2120 N2SS5| 29738
erez 2N23
iz
FO3I —7)
1003 0
ers2 an > "‘:ﬁ“
3
FO& —o I
1004 il B4
c742 R /’)——- anzs
N270 b4l Figure 183.
N27) ———————
net ——— | 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
V311
V3iz:
V313:
V314:

Input H215 (clear P1).

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

Plto 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 4207

BDP RESUME 1852

V3I3
C—»pPI

AUTO LOAD- AUTO DUMP JO50
AUTO LOAD/DUMP SYNC K038

Figure 184. P Register Entry Logic

N2 14

VvO75

y Pl —>pP2
N232 H22)
N22i
N223
N225
N227
MC J285 N229

Figure 184
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Bit 0 Pi1 Bit 0 P2
C702 P0O0O P500
N210
N277- P0OO1 |/7'. P501

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. Bb (if selected) is cleared. Contents of C
is gated to DB register. P1 (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 passes down the
timing chain: Enter Al FF is set and F2 register is
forcedto a 20 (functioncodefor load A) or enter Ql FF
is setand F2is forcedto a 21 (function code for load Q).
DBregister is cleared; (C)isgatedto DBregister. The
arithmetic timing chain is started. X and A2 registers
are cleared. DBregister is gated through 4 to X; noth-
ing is gated to A2, (X) and (A2) begin to propagate
through the adder. C register and its controls are
cleared. AlorQl iscleared. (X)isgated throughI!to
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 requestif 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.
N050 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 B N 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
V31l 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 DBand Cregisters are cleared. Clear stor-
K116/117 age request.
N401 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 chaxt on the following page is
for a manual write operation. Refer to l.ogic Diagrams
as you progress through the operation. 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 no delay.

The manuai timing chain and controls dre 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 switch must be set to STO
or REG.
WRITE STO is pressed.
V073, 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.
Async. Press TRANSFER.
Vo7l K302/303 Set transfer.
V070-4 |K310/311 K314/315 clear Set transfer lockout.
V072-6 |K358/359 Set wait priority.
—_— 1 —_— 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
V072 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
NoO51 K210 =1 have bus priority.
Transmit write Transmit a write signal to storage via T655.
Transmit write char- Transmitwrite character designators to stor-
acter designators age via the T66X transmitters.
Transmit storage Gate the breakpoint address to EXX8, EXXS
address on 8 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 iransfer lockout.
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WRITE STORAGE TIMING CHART (Cont)

TIME TERM COMMAND CONDITION REMARKS
K358/359 Clear wait priority.

Even H115

time

N050

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.
N 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 to release
WRITE STO.

V073 Clear K302/303 clear Clear write storage sync.

K318/219

b
e
0




691

‘98T °an31ig

A1 A xopu] o8ed doomg

4304 RERAD 8TO
K076 READ 8TO

Phinthahied
AUTO STEP
TRANSFER J 363
vorn
TRANSFER J 364

—_—
O——dnu:—-ﬁ‘o—s]:}—-
1R9%5;

ENTER

SWEEP

K382 [ J302

K383 %_. 362
4093 GO

READ P.F.

STORAGE REQ.

:

SW + ENJ302 1214 T R 000)
[++] J89l (k| (O
vo83
K093 4330 ]
Ko
2356 e
KEYBOARD
TRANSFER LBeKo0T. PRIBRIT Pm%ugsl TY,
Ad
o ] STORAGE No30
K302 K310 7 K314 pel K358 K342 gy L 11L4 REQUEST
vors| vora v o7 4338 vir Kie of Hus Hile
K 212 [
K 303 K30 K318 von—]» X 359 K 341 X 343 A-—‘ N 080 viis vile
9308 K302 K17 vias
KEYBOARD BUS
PRIORITY Kol2
H308 BLQrCK
CONTROL
ADV P2 V308 PRIORITY 2 Kois
GO J 09I H307 K
SWEEP K382 212
7 V307
vore INTERRUPT SYNC
N239 Ki20 k213
2 '
—_— N 231 PéE—>r
80 vo92 vaie N 233 H220
SwW K353
EN K350 N233 N220
SW K332 N 237 N 222
N 224
BLOCK P | M 162
BLOCK P N 226
CIR P N277 —+ K 200 N22e
KEYBOARD BUS K201
PRIORITY
K 342
K342 J3oe SWEEP
K353
Voel ; 314 H3I5 H 316
RESYNG vais v3i4 v3is

NETWORK

KEYBOARD
REQ. BUS

K 340

K 341

SW+EN

BLOCK P
K 200

K201

K 012

K 013

K118

KT

X212

K213

K342

K343

STORAGE
REQUEST
LOGKOUT

STORAGE
REQUEST

BLOCK
CONTROL
PRIORITY 2

KEYBOARD

PRIORITY



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
Vo073
V070/V074: Set K310/311 (Transfer Lockout FF)
Vo071
V072/076: Set K358/359 (Wait Priority FF)
N072/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)
N050: Input H117
V117: SetK116/117 (Storage Request FF) Set K212/213
(Block Control Priority 2 FF)
NO050: Input H115
V115: Set K012/013 (Storage Request Lockout FF)
Input H400

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 to the 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.

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.

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.
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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-
qguence, 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 it in 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 Patb
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 normallythe 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 BNT 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. NO10 - 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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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 operationof RNIfollows:
1. Request bus system. Advance P register if other
than first RNI. (Pregister 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.

12. Gate data busto F register via EXX2, (F register
now holds translated instruction.)

13, 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.

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 youto 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 to 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

15. Progress to the next storage reference if not stop. occur atthe end of a sequence or operation. The out-
Figure 190is ablock diagram of the RNItiming chain  put of N014 initiates RNI,
Bus priority Reply from
granted storage
—®| Request ®1 (P) to S bus ® Transmit ﬁ‘L’ Drop bus ———-b@
bus priority via EXX8 storage request request
Transmit Lo Test for
—! read signal BPI stop
to storage
BPI stop Step + stop

Release bus and

@ Access
time-out

BPT stop

Clear F

’ drop storage request

Initiate next
sequence

Advance
sequence controls

L 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 [Vv3I6
RNI AFTER - J369
READ OR K108
WRITE STO
Vo4 2Q038 K950_ CPU WAIT
F6117 (00.0-00.6) +0LO +
VI20| V960 BDP RESYNC 0.6
Vio4 ;gég (77.5X)(55)+(77.6)
10.1-10.7 Fais RNI LOCKOUT VoIl | (X1.X)+77.74+55.0(x00)
£510 2s1m 02 F558 77.0 + 77.1
GO LOCKOUT K092 2si1A VI7I BLOCK CONTROL REPLY
VOIo—»  KOO3
INITIATE RNI
V103 HOI6 2POI
O1.(1-3)+ (03-05) +(10.1-10.7)+(13.4 - 13.7) F4l6 RO Hoi2 2po4
02+ (11-133)+ (14 -17) + 53X (x00)+ [ 55.(X00) + 701[TRAF] F510 NI5I HO14 2P0S
BDP INST  F70I vios U140 — T ——%vola | 20024
NOI4 2Q10A
END_OF ROP V084 §0 K090
10.0+ 34 F503 RNI KO80
START From _| NO72 SKiP
DEAD STOP ‘[;{?gi INT+ PWRFL+TRAP Jia0 (K108 SKIP
RNI KO8I RESTART AFTER [ NO72 | 4940
END OF STO V088 2Q08A  KYBD BUS REQ K340 BKPT STOP ‘[J|35 V960
— REQUEST
F3Il O INDEXED ?Bug s
F500 RNI NEXT
VOB2 END RADR 20l P00
K102
204584
KI03

NOOO

Figure 192, Initiate RNI Logic

UPDATE P

@ Initiate RNI, Request the Bus System

@ Update P,

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 timing:
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V014: Set K000/001, input H231,
N231: Advance P2 (+1), input H220,
N220: P2-»Pl1.

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 certaincondition 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
thata 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
KII8
» KIO8
REQUEST
¥ KI09 BUS
]ru K000
N0O0O — | KOOI
INITIATE 5
RNI ADVANCE P
L HOI2 H307 P2 »p
HOI4 %] He3) H220 O» H2I7 —
BLOCK P
vol4 mKZOO N239 ﬁgg N220 N20T7
) KI06
N23l | INTERRUPT SYNC {N222
N233 N224
N235 N226
N237

Figure 193. Update P (+1, +2) Logic

N239: Advance P2, input H220.
N226: P2-»P1.

next

RNI. To understand how a jump is accomplished

refer to figure 194 and consider the timing below:

To accomplish a jump, the jump FF (K106/107)must ~ V014: Set K000/001, input H211.
be set before V014 time. The instructions 00.X-03.X N211: Set P1, input H230.
and 70.(4 to 6) have jump capabilities. For setting of N230: F1-—#P1, input H221. P2  P3.
jump FF refer to Logic Diagrams, page 1-3, Execut- N221: P1—»P2,
ing a jump will not increase the time required for the
BLOCK P
K200
K201
START_RNI seT_#! F—>p pl —®p2
HOI2 S>"| H211 *l'] H230 H22! A
HOI2 N2l N230 N221
I Vo4 N2I3 N232 N223
N225
2 3 N227
JUMP P-—»P
K106 JO8O H750
KIO7
KIQ7 K952

1

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
NO51: 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.)
NO050: Input to H117.

Setting KO10/011 indicates that main control hasbus
priority. Setting K010/011enables (P) to the S bus (see
figure 204 for 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 anRNIsequence. 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
EXX8 from the desired source by the WOXX gates. The
complement of the storage address is then transmitted
from EXX8 to the relocation chassis viathe T6 XX trans-
mitter rank.

REQUEST STORAGE

@ Initiate RNI, request the bus system

(2) Update .

@ Request storage.

DISABLE PARITY + PARITY ERROR JOI2
MOVE CYCLE | 2Z356 MAIN
REQUEST BUS KOOI CONTROL
PRIORITY
NOS5I —L—d KOI0
NOO5 — KOl JOlI1
REGISTER SELECTED J335 HII7
KYBD BUS PRIORITY K343
vIT
NO50 Q40A
Figure 195. Bus Priority Logic K212
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DISABLE PARITY

FOR RNI, P REGISTER — POOI

WA IM67A
FOR RADR,ROP, STO R o
F REGISTER 00l g 5%% — (7600]|
FOR INPUT/QUTPUT OPERATIONS o
CURRENT ADDRESS REG, S — * 520! — o
FOR READ/WRITE_STORAGE,
BKPT SWITCHES meol < €028
oIl —P IL56A IM678
Foll Vel EOI8 vas 7601 ||
J98I f
/’ 0
s211 Ve E038
Mell /9—’
po2l Val } IL57A IMGBA
Fo2I o E028 P Te02 |
s221
v !
KYBD BUS PRIO 242 M621
RNIJ290 E048
IL64A
J299

SWEEN J395__
MC PRIO JOO2

SHOWN ARE BITS O TO 2 OF THE EXX8 INVERTER
RANK AND THE S BUS TRANSMITTERS.

Figure 196. Address Transmission Logic

ol2

REQUEST BUS KOOI

V117: Set K116/117 (storage request); transmit a re-

J973 (ENTER PAGE FILE) (EXEC)
J300 KYBD BUS PRIORITY

N152
V317

=B

Figure 197.

Storage Request Logic

R/W PF

STORAGE REQUEST

BC PRIORITY K208
MOVE CYCLE | 2356 quest to the appropriate storage module,
2P548 2P548 2R46A 19308
NOS5I o —+1J002
J335 REG SEL
K343 KYBD BUS
MAIN
CONTROL K351 ENTER
PRIORITY
2P28
KOI0 HII7
2046 2R44A ie30¢C iz
—» KOII lJ003 J710 PRIOR| NO50 2Q28A
2P448B
J290 RN!
. © J060
KYBD_BUS PRIO J242 KO87
MAIN CONT PRIO KOIO 2P37A o1 oas o
BC BUS REQ KI5l . —
BLOCK o CYCLE
CONTROL vi25 STORAGE
2P54A  2P54A PRIORITY | REQUEST SR85A
ca26 NO50 K208 & > KIl6 |
2Q57 2Q50 2R29C
K209 NOO KII7 —J213
V9T NI5 2.
v3I7
BLOCK NOSI BLOCK
CONTROL CONTROL]
PRIORITY 2 PRIORITY| 3
Lo K210 K212
2R5IB
2M50 2R508
NI52 K211 NOO5 K213
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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: Ifitisthe first storage reference after a break-
point stop, K134/135 (breakpoint step 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:

G
@
®

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
Refer to figure 188 to reinforce your concept of how
the logic accomplished the previous steps of RNI.

IN23%

lvou,m 51,

@ Initiate RNI, request the bus system

(2) Update .

@ Request storage.

@ Reply from storage.

NO50 EVEN TIME

BREAKPOINT LOCKOUT

J136 JO90 GO

NO50
BREAKPOINT STOR BREAKPOINT LOCKOUT
KIT7 HII5 HI16 K34 Ki36
STORAGE
REQUENCE VIS viie
KI35 KI37
ENABLE CLEAR DATA
DATA BUS BUS REGISTER
KoI2 0—>!H400 ‘ H40!
N40O N4O-

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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in greater detail in chapter 12.

Figure 202,
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Figure 204. Data Flow

for RNI.
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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
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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.

V009: Set K008/009 (sense interrupt during arith-

metic) if arithmetic section is busy.
V010, NO10: Test for an interrupt condition.
VO011: Input to HO80,

%086 STO

KOB4 ROP K081 ANI
END OF RNI

' INTERRUPT SYNC
‘NVFNRUPV
w308 SrdiTioh D W XiFG

ExisTs 03
X003 Xz

Figure 205. Decode Instruction and Sense Interrupt
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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 aninterruptcould be sensed only dur-
ing the one time NO010 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
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@ Initiate RNI, request the bus system.
(2) Update .
@ Request storage.

@ Reply from storage.

@ Release bus system.

7N\
Q) Enable the instruetion 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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REVIEW

Scan the by-now-familiar RNI sequence diagram
and fill in the blanks without referring back to the
text.

IN23%
|L°“|Nosx.

T —f T T T T T T
iNos1! J‘ 'voex: 'Noos! 1Vo0s! :voso
1

So o &b &

GOROOOOO

Now refer to figure 208, a different representation
of RNI sequence. We will supplement this figure in
the chapters on RADR, ROP, and STO so that you can
visualize the areas unique to each sequence and com-
mon to all.

The next couple of pages provide a handy list of prob-
lems to fill your leisure hours.
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w
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AD NEX
INSTRUCTION
RNI

ENTER RNI FROM
PREVIOUS RNI,
RADR,ROP OR STO

TRANSMIT ADDRESS

INITIATE
A STORAGE
REFERENCE

OBTAIN
8us
USAGE

REQUEST STORAGE

OBTAIN REPLY

STORAGE READ

STORAGE
ICONTENTS OF ADDRESS] TIMEOUT

SIGNED BY (S} ARE

AD INTO Z

PROGRESS TO NEXT
SEQUENCE AS DETERMINE|
BY F TRANSLATIONS

i TO

Figure 208. RNI Big Picture



1.

10.

Define the purpose and application of block P FF,
(K200/201).

Why must the P1to 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 a reply 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 V007 time rather than at the end of RNI?

After executing 2 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 BP # 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, X instructionrequires
@ 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,

bt

«©

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: Storage was 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
B . {No clues for this problem.)

to

NOTE: The times given for these answers were fig-

ured from the simplified logic page included
in this chapter. If your answexr 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 RNI, through onthe logic diagrams, using the 3300Command
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
decode

Set SELECT JUMP

and clear go

Manual ostart oo p | RNI NOTE: Thisinstructionis executed regard~

00.1 to 00.6 Selective jump:

iess of the state of the arithmetic section.

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 ﬁ,l:' i ((Bb) £07 3 Adv P RNI NOTE: This instruction
decode Set P 7/ will not execute unless
Yes "<_’ ]/ the arithmetic section is
AND Gate busy. Notice that the
Junction arithmetic operationoc-
Arith busy et curs parallel to RNI,
5 > @) +1 | Clear Bb Sum to B
03 A jump:
Arith busy No i Adv P
RNI and > Condition
A) + RNI
w+@
Yes Set P
Sense adder
0;; (A) or NOTE: This instruction will not execute unless
(A) and (Q) 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.

2.

P register may be updated only during RNI,

Updating P register by 2 adds 4 ¢ times to instruc-
tion execution.

. Setting K000/001 gives main control priority of the

bus system.

The block advance P FF is set by a master clear
to insure that the first RNI is at the address inP.

. 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.

7.

199

The P3 register holds the last jump address
(Program State).

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 .

The rank of inverters has 2 inputs
to the T6XX cards so that to
address conversion may be accom-

plished.

9.

10.

11.

12,

13.

14.

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.

F1to 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 RNI.

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 isused 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 will be (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 storagerequest, Waitfor selected stor-
age module to reply. (Waitingtime 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.

IR CRN
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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 RAD<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>