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SECTION I

INTRODUCTION AND DESCRIPTION

1-1. SCOPE.

1-2. This section outlines the contents of this volume and specifies related publications
and documents. This section also presents a general physical description of the Pro-
grammable Test Controller and its major component assemblies.

1-3. INTRODUCTION.

1-4. PURPOSE OF THIS VOLUME.

1-5. This volume of the manual provides operating and maintenance instructions for the
Saturn V Programmable Test Controller (PTC), IBM part number 6900900, shown on
figure 1-1. The PTC is manufactured by the International Business Machines Corpora-
tion, Federal Systems Division, Rockville, Maryland.

1-6. CONTENTS. This volume is composed of ten sections as follows:

Section I Introduction and Description

Section I Theory of Operation

Section III Interface and Controls

Section IV Test Equipment and Special Tools

Section V Preparation for Use, Storage and Shipment
Section VI Preventive Maintenance

Section VII Calibration

: Section IX Repair

Section X Diagrams

At the beginning of each section a paragraph labeled SCOPE describes the contents of
the section and relates the contents of the section to applicable contents of other
sections.

1-7. A glossary and index are located at the back of the volume. The glossary lists

- signal names and acronyms in alphabetical order. (Standard abbreviations in this vol-

ume conform with military standard MIL-STD-12B.) The topical index indicates the
page or pages on which the discussion of a topic begins.
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modified by the Federal Systems Division is not included in this volume. This informa-
tion is contained in the commercial manuals supplied with this volume. The List of
Related Manuals in the front of this volume lists the titles and source of supply for these
manuals. '

1-8. RELATED MANUALS. Maintenance information for PTC assemblies not built or : ‘

1-9. Four copies of PTC Automated Logic Diagrams (ALD's) are also supplied by the -
IBM Corporation; the title of the books containing these diagrams is included in the List
of Related Manuals.

1-10. LOGIC SYMBOLS. The logic symbols used in this volume and on the ALD's are
defined in the table of logic symbols. A discussion of the physical layout and interpre-
tation of the ALD's is included in Section X.

1-11. PART SYMBOLS. Symbols for standard electrical and electronic parts conform
with military standard MIL-STD-15-1.

1-12. REFERENCE DESIGNATIONS. Reference designations for standard electrical
and electronic parts conform with military standard MIL-STD-16B.

1-13. PURPOSE OF THE PTC.

1-14. The purpose Aof the PTC is to evaluate the Launch Vehicle Digital Computer and/
or the Launch Vehicle Data Adapter by either the ADAPT or the ASTEC laboratory test
equipments. (Refer to Volume I for the ADAPT and ASTEC descriptions. )

1-15. DESCRIPTION.

1-16. BASIC CONSTRUCTION.

1-17. The PTC is composed of three frames (01, 02, and 03, right to left on figdre
1-1). Frames 02 and 03 are secured together by tie blocks and screws to form a unit
approximately 58 inches long, 31 inches deep and 60 inches high that weighs approxi-
mately 1700 pounds. Frame 01 is not mechanically secured to frames 02 and 03.
Frame 01 is approximately 30 inches wide, 31 inches deep and 60 inches high and
weighs approximately 800 pounds. All three frames are further divided into modules.
The upper module in each of these frames is designated module A; the lower module
is designated module B.

1-18. Each module is composed primarily of hinged or slide mounted assemblies that
can be pulled out from the frame to facilitate servicing the PTC. The side covers of
each module can be removed to facilitate servicing assemblies that are fixed to the
PTC frames.

1-19. Filtered openings at the base of the PTC permit the intake of cooling air. The
cooling air is circulated through the PTC by fans and expelled through screened openings
in the top of the PTC.

'1-20. Casters at the bottom of each frame facilitate moving the PTC.

1-21. MAJOR ASSEMBLIES.

1-22, Each PTC assembly has a reference designation which identifies its location in
the PTC. Each major assembly is referenced by a four-character designation that
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. identifies the frame (01, 02, or 03), module (A or B), and module aséembly number
(1 through 8) of the assembly. For example, the reference designation for assembly 1
in module A of frame 02 is 02A1l.

1-23. The assignment of numbers for assemblies in a typical module B is shown on
figure 1-2. A movable assembly in position 1, 2, 3, or 4 opens to the front of the mod-
ule; a movable assembly in position 5, 6, 7, or 8 opens to the rear of the module.

1-24. The location of each major PTC assembly is shown on figure 1-3, The assembly
name and reference designation for each assembly is shown in the legend for figure 1-3.

1-25. A brief description of each assembly shown on figure 1-3 is given in figure 1-4.
1-26. GATE ASSEMBLIES. The swinging gate assemblies contain the many printed
circuit board assemblies that constitute the PTC logic circuitry. The gate assemblies

and printed circuit board assemblies are discussed in detail in the following paragraphs.

1-27. Mechanical Features of the Gate Assembiies. The gate assemblies are hinged
as shown on figure 1-5. Gate assemblies in B modules swing up to open.

1-28, Figure 1-6 illustrates a module B gate assembly in its fully extended position.
The gate assembly is extended from the frame by pulling handle 2 toward handle 1 (to
release the holding mechanism shown on figure 1-9) and pulling the gate assembly to
the desired position in its arc; the gate assembly is stopped in its arc when handle 2

is released. '

1-29. Access to the gate assembly handles is gained by rotating the cover plate away

‘ from the gate assembly. Cover plates for gate assemblies in B modules must be turned
down, as shown on figure 1-6. The cover plate cannot be returned to its normal posi-
tion until the gate assembly is returned into the frame. The latch engages the striker
plate to hold the gate assembly in the frame.

1-30. As indicated on figure 1-6, a fan is mounted on the gate assembly to force cool-
ing air over the logic circuits on the printed circuit board assemblies. The fans for
module B gate assemblies are mounted on the bottom of the gate assemblies.

REAR.
| T
I I |
8 1+ 7 t 6 | 5
| | |
| | |
1 0 2 1 3 | 4
| { |
1 1 |
FRONT
, ‘ Figure 1-2. Numbering System for Module Assemblies

(Text continued on page 1-12.) V-1-3
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e FRAME 03 _ FRAME 02— FRAME 0] ———
 FRONT VIEW
Legend for Figure 1-3
Index Number Assembly Name and Reference Designation
1. Tape Reader Control Panel Assembly 03A1
2, Tape Reader Assembly 03A2
3. C. E. Panel Assembly 03A4
4, Memory Load and Data Display Panel Assembly 02A1
5. . Processor Panel Assembly 02A2
6. Plotter 01A1
1. ~48 VDC and -12 VDC Power Supply 01B4
8. Gate Assembly 01B3
9. : Gate Assembly 01B2
10. Gate Assembly 01B1
“11. Gate Assembly 02B4
12, Gate Assembly 02B3
13. . Gate Assembly 02B2
14, o Gate Assembly 02B1
15. Gate Assembly 03B4
16. Gate Assembly 03B3
11. Gate Assembly 03B2
18. Gate Assembly 03B1
19. Tape Spooler Assembly 03A3

Figure 1-3. PTC Assembly Locations (Sheet 1 of 2)
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Index Number

Legend for Figure 1-3 (cont)

20 21 22 23 24 25 26 27 28
\ N S -

' 1 T

A5 [/

i

/

[N ] \ A o Y Y

\ 1 [ \ [ [ |8 { /
U AT L
r——:gAM?OI?B——'- r——Z{ERSZw\EE\?V o ¥ 2 FEAMSO o3———-—d-

Assembly Name and Reference Designation

Memory Array 02A4

Memory Array 02A5

Sense Cards Frame Assembly 02A6
Relay Gate Assembly 03A5

+30 VDC Power Supply 03A7

+30 VDC Power Supply 03A6

+12 VDC Power Supply 03A8

+12 VDC Power Supply 03A9

-28 VDC Power Supply 03A10

Spare Gate 03B8

Gate Assembly 03B7

Gate Assembly 03B6

Gate Assembly 03B5

-12 VDC Power Supply 03A11

Gate Assembly 02B8

Gate Assembly 02B7

Gate Assembly 02B6

Gate Assembly 02B5

-12 VDC and +30 VDC Power Supply 01B8
-6 VDC and +12 VDC Power Supply 01B7
Resonator Supply 01B6

Interlock and Filter Box Assembly 01B5

Figure 1-3. PTC Assembly Locations (Sheet 2)
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Figure 1-5. Gate Assembly Movement
EDGE CONNECTORS

HANDLES
m @

PRINTED CIRCUIT BOARD
ASSEMBLIES (SMS CARDS)

COVER PLATE (FOLDED DOWN) SN

. , STRIKER PLATE
Figure 1-6. Typical Gate Assembly, Card Side
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1-31. Each gate assembly contains 156 card sockets arranged in six columns and 26
rows. These sockets are the receptacles for the printed circuit board assemblies.
Normally, the sockets in rows 1 and 2 of gate assemblies in the B modules are used
for cable connectors. The cables that plug into these sockets are called edge con-
nectors, since they make their connections at the edges of the gate assemblies.

1-32. Standard Modular System (SMS) Logic Cards. The logic circuits in the PTC are
contained on printed circuit board assemblies called IBM Standard Modular System
(SMS) cards. These pluggable printed circuit cards contain all the components and
printed wiring necessary for a particular electronic function. A special program cap
on some SMS printed circuit cards gives additional flexibility to this form of packaging,
and reduces the number of cards required for field servicing. Each card is identified
by a four-character card type code and a six- or seven-digit IBM part number. (See
figure 1-17.)

1-33. The SMS single card, the kind used in the PTC, is made of an epoxy paper
laminate material; it is approximately 1/16 inch thick, 4-1/2 inches long, and 2-1/2
inches wide. All of the electronic components and the program cap, if used, are
mounted on the front side of the SMS card form. Connections to the components and
program cap are made on the back side of the SMS card form by printed wiring patterns
that terminate at contacts at the bottom of the card. These contacts, labeled A through
R, couple the signals and voltages to the circuit components when the card is inserted
into its receptacle. The printed circuit wiring (land pattern) depends on the type of
circuit on the card.

PRINTED CIRCUIT

PROGRAM CAP LAND PATTERN

CARD TYPE |
PART NUMBER |

_ TRANSISTOR

(SIDE VIEW) B DFHKMPR
TERMINAL PINS

(BOTTOM VIEW)

Figure 1-7. SMS Printed Circuit Card and Single-Position Receptacle
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1-34. The program cap on the front of some SMS cards comprises two conductor rails
which, in the pre-cut state, connect to tabs on the printed circuit land pattern. By
cutting the program cap, various jumpering (cap) connections are made to the tabs to
allow one SMS card to be used in several circuit configurations.

1-35. SMS Card Receptacles. The pluggable printed circuit cards are inserted into
SMS card receptacles. The receptacles used in the PTC are the single-position type,
shown on figure 1-7, and the eight-position type, which serves as a common receptacle
for eight SMS cards, as shown on figure 1-8. Although the contacts are all in line on
the card insertion side of the receptacle, they pass through the receptacle in a staggered
arrangement. This arrangement allows additional room for wire-wrapping or soldering
of wires to the terminal pins, as shown on figure 1-9.

1-36. Figure 1-9 shows how the pins of each SMS card (and receptacle) are identified,
using an extension of the reference designation discussed previously.

1-37. Voltage Distribution Assemblies. Figure 1-9 also illustrates the standard posi-
tion for a voltage distribution assembly in a module B gate assembly. A typical voltage
distribution assembly is shown on figure 1-10.

Figure 1-8. SMS Printed Circuit Card Inserted in Eight-Position Receptacle
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Figure 1-9. Typical Gate Assembly, Wiring Side
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1-38. Each voltage distribution assembly contains a primary group of eight terminals :
and six secondary groups of eight terminals. Power is distributed within the assembly .
from the primary terminals to the secondary terminal of the same number; for example,

power applied to the number 1 primary terminal is distributed to the eight number 1

secondary terminals of the voltage distribution assembly. Each secondary group of

terminals transfers power to one row of SMS cards by jumpers from the secondary

terminals to the SMS card receptacle pins. The jumpers from the secondary terminals

are usually connected only to the pin of the nearest receptacle in which the voltage is

used. From this first receptacle a voltage bus transmits the power to the. pins of other
receptacles in that row. Usually a voltage is restricted to pins of the same letter; for

example, the K pin of most receptacles is connected to -6 VDC.

1-39. CONTROL PANELS. Each PTC control panel is divided into areas in which
associated controls and indicators are mounted. The function of each group of controls
and indicators is indicated by a prominent title in each area. Figure 3-8 (in Section III)
lists and briefly describes all controls and indicators on these panels.

1-40. POWER SUPPLIES. Each of the six Trygon power supplies has been modified
from the configurations shown in the maintenance manuals for these supplies. One
modification is the replacement of the standard input plugs with plugs that fit the power
supply receptacles in the PTC. The other modification is the removal of internal power
supply jumpers to allow remote rather than local sensing of the power supply voltages.

1-41. Each power supply can provide an output that is current and/or voltage regulated.
In the PTC, each current regulation circuit is disabled by placing the CURRENT poten-
tiometer in the full clockwise position.

1-42. ELECTRICAL, MECHANICAL, AND ENVIRONMENTAL CHARACTERISTICS.

1-43. Figure 1-11 lists the salient electrical, mechanical, and environmental charac-
teristics of the PTC.

Input Power Phase: 3 phase; 5 wire; wye connected; phase
sequence is ABC

Frequency: 60 (+5) cycles/second.

Voltage: 115 (+ 11.5) VAC line-to-neutral
(208 VAC line-to-line minimum)

Current: 20 (minimum) to 30 (maximum)

amperes/phase
Environment Ambient Temperature: +60 +95 degrees
Fahrenheit

Relative Humidity: 10 to 80 percent

Figure 1-11. Electrical, Mechanical and Environmental Characteristics
(Sheet 1 of 2) '
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‘ Mechanical Packaging Cabinet: Three frames. Two frames (02and 03)
: ' mechanically and electrically bonded
together

Size: Height - 60 inches
Length - 58 inches
Depth - 31 inches

Weight: 1700 pounds

Frame 01 is not mechanically secured to frames
01 and 02 but is electrically connected.

Size: Height - 60 inches
Width - 30 inches
Depth - 31 inches

Weight: 800 pounds

Logic Chassis Design: Hinged on one edge for
ease of accessibility; a
blower is mounted on
each chassis for cooling
of SMS circuit cards and
components.

Printed Circuit Cards: The basic logic subas-
sembly is SMS cards.

Central Processing Storage: Core Memory - 8196 words of
. Unit simplex storage

Data Word Length: 28 bits - 26 data plus 2
parity bits

Arithmetic: Add/Subtract - 82 microseconds/
operation

Data Accuracy - 25 bits plus sign
Interrupts: 16 hardwire interrupts

Instruction Word Length: 13 bits plus one parity
bit; 2 instructions/
computer word

Timing: Clock Oscillator - 2. 048 megacycles
Computer Cycle - 81.9 microseconds
Phases - Three phases/computer cycle;
each phase 27, 3 microseconds,
labeled A, B, and C

Bit Time: 14 bit times/phase time, numbered
1 through 14

Clock Times: 4 clocks/bit time; clocks are
labeled W, X, Y, Z; each occurs
at 512 KC rate

. . Figure 1-11. Electrical, Mechanical and Environmental Characteristics
(Sheet 2) i
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SECTION 1I

THEORY OF OPERATION

2-1. SCOPE.

2-.2. This section describes the operation of the PTC circuits. The PTC is composed
of three functional units: (1) Central Processor, (2) Memory Loader/Data Display,
and (3) Input/Output. A Self Check feature is also incorporated.

2-3. The descriptions contained in this section are as follows:

1. Power Distribution

a. AC Power Distribution

b. DC Power Distribution

2. Subsidiary Circuits

a. Exclusive OR Comparators

b_. Binary Counters

c. Parity Detectors

d. Indicator Lamp Circuits

e. PTC Timing

3. Central Processor

4. Memory Loader/Data Display

5. Input/Output

6. Self Check

2-4. In describing the functions, simplified diagrams and timing charts are presented

to familiarize the reader with the equipment. Detailed drawings are provided in Section
X; reference to these drawings is made as necessary.
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2-5. The signal names in the logic diagrams in Section X are preceded by voltage level
symbols. The voltage levels represented by these symbols are as follows:

Symbol !11!1 HOH

+C +1.3 VDC -1.25 vDC
-C -1.25 VDC +1.3 VDC
+R +12.0 VDC 0 VDC
-R 0 VDC +12.0 VDC
+S 0 VDC -12.0 VDC
-S -12.0 VDC 0 VDC
+W 0 VDC -48.0 VDC
-W -48.0 VDC 0 VDC
+Y 0 VDC -6.0 VDC -
-Y -6.0 VDC

0 vDC

2-6. POWER DISTRIBUTION.

2-7. AC POWER DISTRIBUTION. (See figures 10-7, 10-9, 10-10, 10-13, and 10-14.)

2-8. Primary power (115 VAC, 60 cycle, 3-phase) is applied to connector 01B5J1
(figure 10-7.) Each phase is applied through circuit breaker 01B5CB1 to movable ‘con-
tacts of relay 01B5K2, Phase B (through circuit breaker 01B5CB3) and phase C are
also connected across the primary of transformer 01B5T1. The secondary winding of
transformer 01B5T1 develops 24 volts. The 24 volts is used for power control when the
jumper plug is installed on receptacle 9009J4 or when cable’ 6900915 is connected be-
tween receptacles 9009J4 and 01511, The power control voltage is routed through the
normally closed contacts of PTC MAIN PWR-EMERGENCY PULL switch 02A2881
(figure 10-14), normally closed contacts of PTC MAIN PWR-PWR OFF switch 02A2S582,
and normally closed contacts of relay 01B5K1 to PTC MAIN PWR-PWR OFF lamps
02A2DS170. .

2-9., When PTC MAIN PWR-PWR ON switch 02A2883 is actuated, relay 01B5K1 picks
and holds through its own contacts. The power control voltage is now routed through
normally closed contacts of switch 02A2S81; normally contacts of switch 02A2882;
interlock switches 0354, 03S1, and 01S1; and normally closed contacts of relay 01B5K1
to PTC MAIN PWR-PWR ON lamp 02A2DS71 .
2-10. Relay 01B5K2 picks when relay 01B5K1 picks. (See figure 10-7.) Primary power
is then routed through the normally open contacts of relay 01B5K2 to fan motors,. DC
power supplies, tape reader and spooler, plotter, and typewriter and printer mterface
The phases are distributed as follows (figure 10-9):
Phase A: -48 VDC power supply (01B4PS1) -

-12 VDC power supply (01B4PS2)

-12 VDC power supply (01B8PS1)

+30 VDC power supply (01B8PS2)

- 6 VDC power supply (01B7PS1)

+12 VDC power supply (01B7PS2)
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- 6 VDC power supply (01B6PS1)
-20 VDC power éupply (01B6PS2)
Regulator (01B6)
Phase B: All fan motors
+30 VDC power supply (03A6)
+30 VDC power supply (03A7)
+12 VDC power supply (03A8)
+12 VDC power supply (03A9)
-28 VDC power supply (03A10)
Printer interface
- Phase C: Tape reader and spooler
Plotter
Typewriter interface
Printer interface
_ -12 VDC power suﬁply (03A115
2-11, When PTC MAIN PWR-PWR OFF éwitch 02A2S582 is actuated the control voltage
is momentarily removed from the coil of relay 01B5K1. This action causes relays
01B5K1 and 01B5K2 to drop, removing primary power from the fan motors, DC power

supplies, tape reader and spooler, plotter, and typewriter and printer interfaces.

2-12, DC POWER DISTRIBUTION . (See figures 10-11, 10-12, 10-17, 10-18, 10-19,
10-20, and 10-21.) .

2-13. DC power distribution paths are controlled by relays and switches, The circuit
paths vary when the relay and switch contacts are transferred. The subsequent
description covers the initial conditions and the voltage sequencing during DC power on
and DC power off operations. '

NOTE

In the following discussion prefix all ab-
breviated reference designations with
03A5,

2-14. Initially all DC power distribution relays are deenergized and -28 VDC which is
applied to PTC DC PWR-PWR OFF lamps 02A2DS72 is returned through the normally
closed contacts of relay K12. When  PTC DC PWR-PWR ON switch 02A2S85 is actuated
relays K5A, K5B, K5C, and K5D pick. (See figure 10-20.) These relaysare held picked
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through the interlocks formed by the normally closed (NC.) contacts of relay K7 and the
normally open (NO.) contacts of relay K5D. Relays K1, K2, K3, K8, and K10 are now
picked by power supply voltages as follows (figures 10-18, 10-19, and 10-21):

Relay Power Supply Interlock Switches
K1 - 6 VDC (01B7) K5B NO. contacts
K2 -12 VDC (03A11) K5C NO. contacts
K3 +12 VDC (03A8) K5A NO. and K6 NC, contacts
K8 +12 vDC (01B7) K5A NO, contacts
K10 +12 VDC (03A9) K5A NO. and K6 NC. contacts

2-15. When relays K1, K2, K3, K8, and K10 pick, energizing voltages are applied to
time-delay relays K4, K9, and K11 as follows (figure 10-17):

Relay Power Supply
K4 +30 VDC (03A6)
K9 +30 VDC (03A"7)
K11 +30 VDC (01B8)

Relays K4, K9, and K11 pick after approximately 1.5 seconds applying 28 VDC across
the coil of relay K12 and PTC DC PWR-PWR ON lamps 02A2DS73 completing the DC
power on sequencing. (See figure 10-20).

2-16. The DC voltages are distributed as follows (flgures 10- 17 10-18, 10-19 and
10-21):

+12 VDC (03A8) -- Memory (through relay K5A NO. contacts).

+12 VDC (03A9) — Memory (through relay K5A NO, contacts).

+12 VDC (01B7) — Printer interface.
Bus bar, memory, CE PANEL, MEMORY LOAD AND
DATA DISPLAY panel, TAPE READER AND MODE CON-
TROL panel, and PROCESSOR DISPLAY PANEL (through
relay K5A NO, contacts). :

-12 VDC (01B4) - Printer interface

-12 VDC (01B8) — Indicator lamps (through relay K5B NO. contacts).

-12 VDC (O3A11) — Memory and bus bar (through relay K5C NO. contacts).

+30 VDC (03A6) -— Memory (through relays K1, K2, K3, K4, K8, and K10 NO.
' contacts).

+30 VDC (03A7) — Memory (through relays K1, K2, K3, K8, K9, and K10 NO
contacts).
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+30 VDC (01B8) — Memory (through relays K1, K2, K3, K8, K10, and K11
NO. contacts),

+28 VDC (03A10) — MEMORY LOAD AND DATA DISPLAY panel, CE PANEL,
PROCESSOR DISPLAY panel, TAPE READER AND MODE
CONTROL panel, gate 03B6, and the coil of relay 01B4K1
(through relay K5D NO. contacts).

-48 VDC (01B4) -- Typewriter interface (through relay 01B4K1 NO. contacts).
-20 VDC (01B6) -- Printer interface.
- 6 VDC (01B6) — Printer interface,

- 6 VDC (01B7) — Bus bar, CE PANEL, memory, PROCESSOR DISPLAY
o : PANEL, and MEMORY LOAD AND DATA DISPLAY panel.

2-17. When PTC DC PWR-PWR OFF switch 02A2584 is actuated relay K6 picks and
holds through the interlocks formed by relay K6 NO. and relay K7 NC. contacts.
figure 10-20). When relay K6 picks; (1) energizing voltage is applied to time-delay
relay K7; and (2) relays K3, K4, K9, K10, K11 and K12 are deenergized. Relay K7
picks after approximately 1.5 seconds. This action causes relays K1, K2, K5A, K5B,
K5C, K5D, and K8 to deenergize. Also, when relay K7 picks, relay K6 is deenergized
which in turn deenergizes relay K7. Relays K1 through K12 are now deenergized and
the DC power off sequencing is complete.

2-18. SUBSIDIARY CIRCUITS.

2-19. Subsidiary circuits are those circuits that are related to more than one PTC
function, These circuits are necessary to the operation of the PTC and are categorized
as such only to prevent repetitious explanations.

2-20. EXCLUSIVE OR COMPARATORS,

2-21. The PTC contains many exclusive OR comparators that compare corresponding
data from two sources. Figure 2-1 shows a typical exclusive OR comparator in which
three parallel inputs (X1, X2, and X3) are compared with three other parallel inputs
(Y1, Y2, and Y3).

2-22. If a compare exists, the input to each A0 will be unlike, and the output of each
AQ will be a "1". This will result in a ""'1" on the COMPARE line and a ""0" on the
COMPARE NOT line. If a compare does not exist, at least one of the A0's will have
two ""1"" inputs. This will result in a "0" on the COMPARE line and a "1" on the COM-
PARE NOT line. ' v

2-23. Two additional AQO's are required to compare each additional pair of inputs. A
single stage comparator is used to compare serial data from two sources.

2-24. BINARY COUNTERS.
2-25., The PTC contains many binary counters which are alternately set or cleared

everytime the signal they are monitoring changes from a "0'" to a "1". Figure 2-2
shows a typical binary counter which is monitoring signal B and controlled by signal A.
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Figure 2-1, Typical Exclusive OR Comparator Circuit
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Figure 2-2. Typical Binary Counter

2-26. The control latch stores the configuration of the output latch providing A is a

"1", The output latch is then alternately set or reset everytime B goes from a '"0" to

a "1"., When A is a ''0'" the configuration of the output latch cannot be changed. The

binary counter can be initially set or cleared by routing a signal through an inverter to
the output latch set or reset input,

2-27, PARITY DETECTORS.
2-28. The PTC contains several parity detectors that are used for parity bit genera-

tion and parity error detection. These parity detectors detect whether an odd or even
amount of '"1's" is contained in the information feeding them. (See figure 2-3.)
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Figure 2-3. Typical Parity Detector’

2-29, When none, 2, or four of the inputs A, B, C, and D are "1's" the outputs of OR
circuits 1 and 2 are the same value, Therefore one of the inputs to OR circuit 3 is a
""1" and the EVEN and ODD outputs are respectively a ''1'"" and a ''0"". When an odd
number of the inputs are "1's" the outputs of OR circuits 1 and 2 are unlike values.
Thus the inputs to OR circuit 3 are "0's"" and the EVEN and ODD outputs are a 0" and
"1'" respectively. v A

2-30. INDICATOR LAMP CIRCUITS.

2-31. The PTC contains many indicator lamps that are associated with either switches
or latches. These lamps are all commonly connected to -12 VDC on one side. A lamp
associated with a switch is lighted by providing a return path to ground for -12 VDC
through the lamp and the normally open or normally closed contacts of the switch.

2-32. A lamp associated with a latch is connected in the collector circuit of an indi-
cator driver. The lamp is lighted by a '"1" input into the indicator driver which is fed
by the set or reset output of a latch.

2-33. The lamps on the CE PANEL, PROCESSOR DISPLAY PANEL, MEMORY LOAD
AND DATA DISPLAY, and TAPE READER AND MODE CONTROL panels are lighted
when the associated LAMP TEST pushbuttons are depressed. When the LAMP TEST
pushbuttons are depressed, the lamps are lighted as follows:

1. By applying ground to the lamps associated with switches.

2. By removing the + 12 VDC control voltage which is normally applied to the indicator
drivers and applying -28 VDC,
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2-34, PTC TIMING.,

2-35. The timing circuits generate timing signals for the operation of the PTC logic.
The PTC timing is generated under control of external synchronization signals from the
LVDCME or LVDAME. The timing circuits consist of the clock generator, the bit gate
generator, the phase generator, and the sync control circuit. The timing relation be-
tween the various timing gates developed by the timing circuits is shown on figure 2-4,

- 2-36. In this section, timing is designated by a three-part notation that indicates the
phase, bit-gate, and clock-time. For example phase B bit-gate 13 clock-time X is
designated by the notation B-13-X time. In instances where the three levels of timing
do not apply, only the timing levels specified appear in the notation. For example
phase B bit-gate 13 and clock time X are designated by B-13 time and X time respec-
«tlvely.

2-37. CLOCK GENERATOR (Figure 10-28, sheet 4). The clock generator is triggered
by W clock pulses from the LVDCME-or LVDAME These pulses are delayed a total
- of four clock times by two delays. The delayed W clock (W DLY) triggers a single shot
which produces the PTC W clock pulses (CPW). Similarly the W clock pulses are de-
.layed five, six, and seven clock times to produce CPX, CPY, and CPZ respectlvely
The clock pulses occur at a repetition rate of 512 KC.

- 2- 38 BIT GATE GENERATOR (Figure 10-28, sheets 5 and 6). The bit gate generator .
con51sts of a control circuit, a seven stage shlft reglster, and a bit decoding circuit. )

.2-_39. ~ The control c1rcglt' is a binary counter which is complemented every Y time.
The:outputs of the binary counter (A and A NOT) control the rate at which the shift
reglster 1s cycled :

2-40’. The shift reglster produces seven outputs (G1 through G7) which change states
as shown on figure 2-5. The bit decoder generates 14 signals that identify the 14 bit
times, These signals are produced by ANDing the outputs of the shift register as
follows: o

BGl = G1 and G2 NOT
BG2 = G2and G3 NOT
BG3 = G3and G4 NOT
BG4 = G4 and G5 NOT
BG5 = G5and G6 NOT
" BG6 = G6and GT NOT
"BG7 = G1landGT7
BG8 = Gl NOT and G2
BG9 = G2 NOT and G3
BGI0O = G3 NOT and G4
' BGI1 =. G4 NOT and G5
' BGI2 = G5 NOT and G6
BGl3 = G6 NOT and GT7 ,
BGl4 = GI NOT and G7 NOT
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Figure 2-5, Bit Gate Generator Timing

2-41, PHASE GENERATOR (Figure 10-28, sheet 5), The phase generator is a three-
step ring counter formed from three latches (PA, PB, and PC). The ring stabilizes
itself with one latch set and two reset; the set condition is then stepped around the ring
in alphabetical sequence each bit 1 time. At W time the next latch in the sequence is
set; at the following Y time, the preceding latch is reset.

2-42, SYNC CONTROL CIRCUIT (Figure 10-28, sheets 4 and 7). The sync control
circuit receives the phase B NOT signal from the LVDCME or LVDAME. This signal
triggers a single shot which produces the sync control pulse (SYNC CTRL) every
LVDCME or LVDAME B-1 time. This pulse is sent to the bit gate generator where it
sets the control circuit and shift register to states that correspond to bit one time. The
sync pulse is also sent to the phase generator where it sets the PB latch.

2-43. A sync error is generated if the PTC timing is not within one bit time of the
LVDCME or LVDAME timing when the sync control pulse is generated. Sync errors are
stored in a latch which produces an output, SYNC ERR. If a sync error is detected,

the clock on/clock off trigger is reset which halts the generation of PTC clock pulses.

2-44. CENTRAL PROCESSOR

2-45. The following paragraphs describe the operation of the Central Processor. The
general organization of the Central Processor is described first, followed by a descrip-
tion of the logic circuits. ‘ '

2-46, CENTRAL PROCESSOR ORGANIZATION.

2-47, Functionally the Central Processor is a modified version of the Launch Vehicle
Digital Computer. The following describes the organization of the Central Processor
from the aspects of its functional organization, word organization and timing organiza-
tion and the instructions it may be programmed to perform,

9-48, FUNCTIONAL ORGANIZATION. The Central Processor is a general purpose
computer which, under control of a stored program, processes data using fixed point,
two's complement arithmetic. Data is processed serially in an arithmetic section which
performs addition, subtraction, and logical extractions.
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2-49. The principal storage device is a random access ferite-core memory with sepa-
rate controls for data and instruction addressing. The memory operating mode is pro-
gram controlled. Temporary storage is provided by static and shift registers com-
posed of latches.

2-50. The major parts of the Central Processor and how they are inter-connected are .
shown on figure 10-28, sheet 3. The Central Processor consists of the memory and
memory control, data control, program control, arithmetic, and external control
elements. The composition of these elements is as follows:
Memory and Memory Control — Core Arrays A and B

Sense Amplifier A and B

Inhibit Drivers

Address Drivers

Memory Timing

Memory Buffer Register

Parity Check Logic

Data Control — Transfer Register and Controls

Program Control -~ Address Register
OP Code Register
Data Sector Register
Instruction Sector Register
Data Module Register
Instruction Module Register
HOP Saver Regiéter
Instruction Word Syllable Control Logic

Arithmetic ‘ - Accumulator Register and Controls
External Control - Central Processor Start Stop and
(Not shown on block Interrupt Control Logic.

diagram).

2-51, Memory and Memory Control Element. The programmed instructions, and the
constants and data required by the program are stored in the memory under control of
the memory control circuits, The memory control circuits determine when a transfer
will occur and select both the direction of transfer and the memory location to be ex-
ercised. Data being transferred into or out of the memory is routed through buffer
storage.

2-52. The memory is composed of two arrays (module 0 and module 1) each of which
contains 16 sectors (0 through 17g). Each module contains different information and
only one module can be selected at a time, Each sector contains 400, addresses rang-
ing from 0 through 377g. Sector 17g of module 0 is set aside for residual storage and
its addresses range from 400g to 777g.

v-2-11



2-53. Data words and constants are stored in the sector addresses in two segments
called syllables. Thus, the memory is described as being divided into syllables. One .
- syllable of data is transferred to or from the memory at a time; consequently, two
memory cycles are necessary to transfer a complete data word. Instructions are only
half the length of data words and thus are stored one per syllable.

2-54, A parity check is performed on information being read into memory and odd
parity is assigned if required. A parity check is also performed on information being
read out of memory and if odd parity does not exist a parity error is generated.

2-55, Data Control Element. Data words and constants enter the transfer register
from the memory in two syllables, Each syllable enters the transfer register in.paral-
leland is then serialized and distributed to the arithmetic element and the Memory-
Loader/Data Display.

2-56. Data words which are bound for the memory enter the transfer register in serial
form from the arithmetic element, the program control element, or the Memory Loader.
The transfer register then divides them into syllables and forwards each syllable to the
memory buffer register in parallel. At the memory buffer register, a "parity bit" is
added to each syllable before it is stored in the memory. The parity counter monitors
the number of '"1's" entering the transfer register and assigns odd parity to the memory
buffer register by controlling the parity bit. A

2-57. Another item which enters the transfer register serially is the contents of the
instruction counter. The instruction counter controls the normal sequencing of the
program through the memory. Just before a new instruction is required, the contents
of the instruction counter are shifted into the transfer register and transferred in '
parallel to the address register in the program control element. The address register
then selects the memory sector address location of the new instruction,

2-58. When the new instruction is read, it is transferred from the memory buffer
register into the transfer register, The instruction is then separated into an operation
code and an operand address; the two parts are transferred in parallel to the program
control element, The operation code is loaded into the operation code register and the
operand address into the address register., The operand address of some instructions
constitutes a special constant which, in addition to the parallel transfer, is shifted out
of the transfer register in serial form,

2-59, Program Control Element. The program control element stores and decodes
the programmed instructions and in addition, controls sequencing the program through
the memory. The operation code register and the address register store their re-
spective parts of the instructions. Outputs of the operation code register, and those

of the operation decoders, control the arithmetic, data, and memory and memory con-
trol elements, and parts of the program control element to perform the commanded '
operations.

2-60. The address register selects the memory sector address location of the data to

be used in the commanded operation. When the operation is complete, the address

register is reloaded with the contents of the instruction counter to address the next in-

struction. The memory module and sector selection is controlled by (1) the data module

register and the instruction module register and (2) by the data sector register and the
instruction sector register.

2-61., The module and sector registers preselect an area of the memory within which
the program must operate. As implied by the names of the registers, two selections
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are made, one for data and one for instructions (the same area may be selected for both).
The syllable selection for instructions is stored in the instruction word syllable control
logic, Timing signals determine whether the stored selection will be used or whether
the selection will be sequenced to read both syllables of a data word. The address
register then selects individual locations within the preselected areas from which data
and instructions will be read. Timing signals discriminate between instruction and

data addressing. The contents of the module and sector registers are changed upon
command of the program,

2-62, 1t was noted previously that the program control element controls sequencing
the program through the memory. Actually, the program controls its own sequencing
through the use of instructions which command the program control element to change
the contents of the module and sector registers (discussed in the preceding paragraph),
and the instruction counter.

NOTE

Although the instruction counter is logi-
cally part of the program control element,
it is instrumented in the arithmetic ele-
ment,

The instruction counter stores the address of the next instruction to be operated. Each
time the Central Processor performs an instruction, the instruction address is incre-
mented by one to develop the address of the following instruction. In this manner, the
program steps sequentially through the area of memory selected by the instruction
module register and the instruction sector register,

2-63, The sequential stepping continues until the program issues an instruction to alter
the sequence or select a different area of the memory to read instructions from. Area
selection is changed by shifting a "HOP constant” out of the transfer register which re-
loads the module and sector registers. The same HOP constant also reloads the in-
struction counter to select the starting location of the next instruction sequence. The
instruction counter then begins stepping sequentially through the newly selected memory
area beginning at the specified starting point.

2-64. The instruction counter can also be reloaded without affecting the module and
sector registers. This feature permits repeating short program loops and enables the
computer to make logical choices. When commanded, the computer can examine the
contents of the accumulator register for certain conditions and alter the program se-
quence if the condition exists, If the condition 1s not met, sequential stepping continues.

2-65, The hop saver register is loaded with a HOP constant, every Central Processor
cycle, which identifies the locations in memory currently selected. The contents of
the hop saver register can then be stored in residual address 776g or 777g. Thus after
transferring out of a routine the program may be directed back to that routine by re-
ferring to the HOP constant stored in address 776g or 777g.

2-66, Arithmetic Element., The arithmetic element performs addition, subtraction,
shifts, and logical extractions. The accumulator register provides one of the operands
for all arithmetic instructions and the memory provides the other, The two operands
are combined in the accumulator control logic and the result is stored in the accumu-
lator. The result can then be sensed to control logical decisions or it can be transferred
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to the memory. After sensing or transfer the result remains unchanged in the accumu- ' .
lator register. . :

2-67. To illustrate a typical operation, assume that the Central Processor program
has been initiated and is running smoothly. The area of the memory in which the pro-
gram will operate has been selected and instructions are coming from syllable zero.
For descriptive purposes, a typical operation begins with reading an instruction from
the memory. The address of the instruction is shifted out of the instruction counter and
applied to the transfer register and the accumulator control logic in the arithmetic
element, The accumulator control logic increments the count by one and reinserts it
into the accumulator register where it is circulated. The instruction address is shifted
into the transfer register and then transferred in parallel to the address register, '

2-68. Timing signals indicate to the memory control circuits that an instruction is due
to be read. The memory control circuits then decode the contents of the instruction
module and instruction sector registers rather than the data module and data sector
registers, Syllable zero, which is the stored syllable selection for instructions, is also
decoded. The memory control circuits then produce read timing pulses which enable
the instruction to be transferred out of the addressed memory location,

2-69. The memory sense amplifiers transmit the instruction to the memory buffer
register. The memory buffer register stores the instruction for parity checking and
to enable the inhibit drivers during the restore memory cycle, The instruction is then
transferred from the memory buffer register to the transfer register.

2-70. Reading information from a ferrite-core memory destroys the information in
the memory. Consequently, a read operation must always be followed by a store (or
restore) operation to preserve the contents of the memory. The restore operation is
accomplished after the instruction has been transferred to the transfer register., The
memory control circuits produce store timing pulses which transfer the instruction
from the memory buffer register back into the memory through the inhibit drivers.

2-71. Upon entering the transfer register, the instruction is separated into an opera-
tion code and an operand address. The operation code defines what operation will be
performed and the operand address gives the location in memory of the data to be used
in the operation. The operation code is transferred in parallel to the operation code
register and the operand address to the address register. The remainder of the opera-
tion is dependent upon the code transferred to the operation code register. The code
can specify any of three general types of operations:” 1) those which require data from
memory; 2) those which place data into the memory; and 3) those which do not use the
memory.

2-72, Assume first that the operation code requires data to be read from the memory
The instruction word syllable control circuit selects syllable zero, the first syllable of -
the data word. The memory control circuits decode the contents of the address, data
sector, and data module registers, A read cycle is then initiated which transfers the
first half of the data word to the memory buffer register. While in the memory buffer
register, the half-data word is parity checked, -then transferred to the transfer register
and restored in the memory. The transfer register serializes the data by shifting it to
the TRS output. The TRS output makes the data available to the Arithmetic, program
and memory, and memory control elements and to the Memory Loader/Data Display.
Outputs from the operation code register and the operation decoders determine which
element will accept the data and how it will be used.
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2-73. As the first half of the data word nears the end of the transfer register, the
instruction word syllable control circuit selects syllable one and the memory control
circuits initiate another read cycle. This read cycle transfers the second half of the
data word into the memory buffer register where it is parity checked. Then, just in
time to fall in behind the last bit of the first half data word, the second half of the data
word is transferred into the transfer register. The transfer register continues shifting
and the two halves of the data word appear as a continuous serial output on the TRS line.

2-T74, When providing a data output, the transfer register is synchronized with the
accumulator register. The output of the transfer register and the contents of the accu-
mulator register are combined bit-for-bit in the accumulator control logic. The results
of these operations are placed in the accumulator register for recirculation, As the
last bit of the accumulator contents emerges from the accumulator register, timing
signals end the arithmetic processes in the accumulator control logic and the contents
of the instruction counter begin to emerge from the accumulator register, The accumu-
lator control logic increments the instruction count by one and reinserts it in the
accumulator register immediately behind the result of the arithmetic operation. Simul-
taneously, the instruction count is shifted into the transfer register to address the next
instruction,

2-75. When the operation code specifies that data is to be transferred into the memory,
the basic operations are reversed. Instead of transferring two syllables of data to the
transfer register which serializes them into a continuous unit, a continuous unit of
serial data is shifted into the transfer register which divides it into syllables. The
syllables are then transferred to the memory in parallel. After the instruction is loaded
into the operation code and address registers the data word to be storedbegins to emerge
from the accumulator register. Outputs from the operation code register and the opera-
tion decoders condition the transfer register to shift in step with the accumulator regis-
ter and accept its output. As the data word enters the first position of the transfer
register, a parity counter monitors the number of ""1's" it contains.

2-76. Timing signals indicate to the memory control circuits that a data word is to be
transferred to or from the memory. The operation code specifies that data is going to
memory and the memory control circuits initiate a store cycle. The instruction word
syllable control circuit selects syllable zero as the first syllable is to be transferred.
The memory control circuits decode the contents of the address, data sector, and data
module registers, Just before the last bits of the syllable enter the transfer register
the memory control circuits produce read timing pulses which clear the addressed
memory location, .

2-77. Simultaneous with clearing the memory location, the last bit of the syllable enters
the transfer register and the syllable is transferred to the memory buffer registers.
The transfer register continues shifting and the second syllable of data starts to enter
the transfer register. At the memory buffer registers, a "parity bit" is added to the
syllable entering the memory. The parity bit is controlled by a parity count circuit so
that the memory buffer register contains an odd number of '"1's, ' The memory control
circuits now produce store timing pulses and the first syllable of data enters the
memory through the inhibit drivers, The second syllable of data enters the memory in
the- same manner as the first,

2-78. Operations which do not use the memory either shift the contents of the accumu-
lator register or use the operand address as a constant for controlling the program.
Shifting the contents of the accumulator register is accomplished by shortening or
lengthening its circulation loop. Before the first bits of the accumulator contents are
shifted, outputs from the operation code register and the operation decoders, along with

v-2-15



control bits from the address register, alter the recirculation path of the accumulator
register to affect the shift. When the last bit has been shifted, timing signals restore
the loop to normal to prevent shifting the contents of the instruction counter. The
instruction counter is then incremented and shifted into the transfer register to address
the next instruction.

2-T79. Among the operations which do not use the memory are those which make logical
decisions based on the contents of the accumulator register. As noted previously,
logical decisions are made by altering the contents of the instruction counter if a
specified condition exists in the accumulator register, If the condition exists, the
operand address of the instruction replaces the existing contents of the instruction
counter and the next instruction begins the new sequence. Logical decisions are imple-
mented by continuously sampling the accumulator contents part way through the register
for the conditions upon which decisions are based. Thus, when a logical decision is
initiated, most of the accumulator contents have already been sampled and the Central
Processor.need not wait until the complete contents emerge from the register to make
the decision. The contents of the instruction counter immediately follow the accumulator
contents in the accumulator register. Consequently, when the last data bit has been
sensed and the decision made, the contents of the instruction counter are still only part
- way through the accumulator register. If the condition is met, the accumulator register
is broken just behind the last bit of the accumulator contents and the operand address is
shifted into the accumulator register from the transfer register, replacing the existing
instruction count,

NOTE

Since the memory is not being used, the
transfer register is not needed to dis-
tribute data from it, and therefore is not
cleared after the instruction is distributed
to the program control element.

If the condition is not met, the accumulator register is not broken and the existing con-
tents of the instruction counter are retained to address the next instruction,

2-80. External Control Element. Control over Central Processor start-stop and
interrupt operations is provided by the external control element., The Central Processor
cycles continuously under internal program control uniess one of these operations is
initiated.

2-81. The external control element stops the Central Processor operation as follows:
1. Until PTC DC power is completely sequenced on.
2, Momentarily when the RESET-HALT or RESET-MACHINE pushbutton is actuated.

3. Momentarily by every Data Display address compare when the MODE CONTROL
switch is in the PROG CYCLE-REPEAT position.

4, When the Memory Loader/Data Display is in the ML mode unless a load or verify
operation is in process,

5. When a Central Processor single \step operaﬁoﬁ is initiated,
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2-82. A Central Processor single step operation is commanded as follows:

1. By a Data Display address cohmpare when the MODE CONTROL switch is in either
the PROG CYCLE-ADR HOLD or SINGLE STEP position,

2. When the manual single step mode is selected under control of the MAN CST push-
button,

3. By a CIO 114 command generated by the Central Processor.
4, By a memory parity error when the ERROR HOLD mode of operation is selected.

5. When a PTC single step command (ACNCST) is received from the LVDCME and the
MODE CONTROL switch is not in either PROG CYCLE-ADR HOLD or SINGLE STEP
positions.

2-83. After a single step operation is initiated Central Processor operation is nor-
mally not resumed until a restart signal is generated by actuating a PTC ADVANCE
pushbutton or by a PTC advance command (ACGACISS) from the LVDCME. Central
Processor operation is then resumed as follows:

1. Until another Data Display address compare occurs when the MODE CONTROL
switch is in the PROG CYCLE-ADR HOLD position.

2. For one Central Processor cycle when: (1) the MODE CONTROL switch is in the
PROG CYCLE-SINGLE STEP position; (2) in the ERROR HOLD mode if the parity error
is not cleared; (3) when the MAN CST mode is selected; or (4) when the ACNCST signal
-is present,

3. Until another single step operation is initiated if the previous one was initiated by:
(1) a CIO 114 command; or (2) a parity error in the ERROR HOLD mode and the parity
error is now cleared.

4, Until another signal step operation is initiated: (1) upon exiting from the manual
single step mode under control of the MAN CST pushbutton; or (2) when the ACNCST
signal is dropped.

The single step command is removed for two Central Processor cycles whenan interrupt
command is received from the LVDAME. The single step command is also removed
when the Memory Loader/Data Display is placed in the ML mode or when the RESET-
HALT or MACHINE pushbutton is actuated.

2-84. A PTC single step (PTC CST) signal is sent to the LVDAME when a Central
Processor single step operation is initiated by any method other than a ACNCST signal.
The PTC CST signal is generated for approximately 62 microseconds when the single
step operation was commanded by a CIO 114 command. The PTC CST signal is gener-
ated for the duration of the time the single step operation is maintained for any other
condition. ’

2-85, The interrupt control circuit enables any one of 16 interrupts to break off normal
sequencing of the program and direct it to process data of a higher priority. The
interrupt control circuit allows the instruction in progress at the moment of the inter-
ruption to finish, then forces the selection of one of the residual addresses 400g through
417g, if the INT B latch is reset. This latch is normally reset at the end of an interrupt
processing routine. Residual addresses 400g through 417g contain "HOP" constants
which direct the program to the start of an interrupt processing routine,
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2-86. Interrupts 1 through 15 which force the selection of residual addresses 400g
through 416g are generated by the LVDAME, When one of these interrupt signals is
sent to the Central Processor it is stored by a latch in the external control element,

but is not acted upon until its associated inhibit is removed. The removal of these in-
hibits is accomplished either under program control or manually with switches. When
the INHIBIT CTRL pushbutton is not in the INHIBIT CTRL position the removal of the
inhibits is under program control. If the INHIBIT CTRL position is selected an inhibit -
is removed when the corresponsing pushbutton (I1/B1 through 115/B15) is actuated.
Interrupt 16 which forces residual address 4178 selection is generated under control of
the 116 pushbutton,

2-87. WORD ORGANIZATION. The Central Processor uses a 28~bit word consisting

- of two 14-bit syllables. Each syllable includes 13 data bits and one parity bit (figure
2-6) and each syllable is stored separately in the memory. The parity bits are used
only to check the accuracy of transfers to and from the memory which leaves a data
word 26 bits in length.

2-88. The use of the data word is at the discretion of the programmer. Each of the
26 bits may be used as an indicator to show the presence or absence of some condition,
or the word may be used as a binary number for arithmetic computations. Binary
numbers are represented by a sign bit and 25 magnitude bits; negative numbers are
shown in two's complement form,

2-89. In this section bit positions in the data word are designated SIGN and 1 through o
25, proceeding toward the least significant digit (LSD). When used in this context, bits
1 through 25 are called ""'magnitude bits". :

2-90. The Central Processor word is also used to store the instructions of the Central .
Processor program. Instructions are 13 bits in length with one instruction stored in

each syllable of the Central Processor word. An instruction consists of a 4-bit opera-

tion code (OP1-OP4) and a 9-bit address (A9, A1-A8). Figure 2-7 shows how the in-

structions are placed in the Central Processor words.

2-91, TIMING ORGANIZATION. The basic unit of Central Processor timing is called
the ""Central Processor cycle." The duration of a Central Processor cycle is approxi-
mately 82 microseconds; this is the time required for the Central Processor to read,
decode and operate its basic instructions. A Central Processor cycle is three phase
times in duration,

2-92. The Central Processor cycle is separated into "instruction time' and "operation
time". As the names imply, instruction time is the period in which an operation is read
and decoded, and operation time is the period in which the operation commanded by the
instruction is performed. Generally, the instruction time occurs during A time and the
operation time occurs during B and C times.

S 4 SYLLABLE | “ SYLLABLE 0

POSITION 1{2[3[4]5]6]|7]8|ofofuifizfiafparli 12} 34 5]6]7|8|s10l1}i2]13]par
BIT nar '

I GNATION 2|3lals|sl7|8]9 o)z 13141516117 {1819 |20 |21 {22 |23 |24 |25

Figure 2-6. Data Word Layout
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Figure 2-7. Instruction Word Layout

2-93. Notice the correlation between the organization of timing and word layout. . The
Central Processor cycle is defined by three phase times and involves three syllables of
information: one syllable for an instruction and two syllables of data for an operand.
The correlation also extends downward one step. A syllable consists of 14 bits (13 data,
1 parity) and each phase time is divided into 14 equal segments called 'bits times." A
bit time is the time each bit of data is stored in one position of a serial storage device
before moving on to the next,

2-94, INSTRUCTION ORGANIZATION. The Central Processor uses a complement of
16 single address instructions which are composed of a 4-bit operation code and a 9-bit
operand address, The 4-bit operation code can select one of 15 different instructions
to be executed, this range is extended to 16 by grouping two instructions under one
operation code, then using bit A8 of the address to discriminate between them, Bit A8
serves no other function for the instructions which are grouped. Figure 2-8 is a map
of the operation codes showing the names of the instructions assigned to each code.
Figure 2-9 shows how addition of each bit of the operation code narrows the field of
selection by de-selecting half the remaining area of the map., A list of the 16 instruc-
tions available is given inffigure 2-10 with the operation code and a brief description of
each, Figure 2-11 lists the CIO codes used by the PTC,

2-95, The 9-bit operand address, figure 2-12 permits selection of memory addresses
for use as operands or data storage locations. Address bits Al through A8 select one
of the addresses within a sector. Bit A9 determines whether the address will be in a
sector previously selected by the program or in a special sector called '"residual
memory." Consequently, bit A9 is called the residual bit; residual memory is selected
when A9 is a "1, " C

2-96. Instructions which do not require that data be read from the memory frequently
use the operand address for special purposes. These special purposes are pointed out
in the List of Instructions, figure 2-10, where they occur. For example the shift in-
structions (SHF) always mainipulates the contents of the accumulator and thus requires
no operand address; this frees the operand address for use as shift control.

2-97. MEMORY AND MEMORY CONTROL ELEMENT LOGIC CIRCUITS.

2-98. The Memory Element, figure 2-13 provides 4,096 locations of primary storage
in each of two memory modules, memory module 0 and memory module 1, Each mem-
ory module operates independently on command from the memory control element. The
memory modules are each divided into 20 octal sectors, sectors 0 through 17. Sector
17 of only memory module 0 is designated as the ""Residual" sector. Each sector con-
tains 400g locations or addresses and are designated Og through 377g except residual lo-
cations, These are designated 400g through 177g. Sector selection is identical for each
module, and address selection is the same for every sector except the residual sector.
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Address, sector, and module selections are controlled separately in the memory con-
trol element. As far as "addressing" in the usual sense is concerned, the memory
control element provides only sector and individual location addressing signals. These
signals are applied to both modules in the memory element and select the same address
in each module. The memory control element then commands only the selected module
to operate, ' S

2-99, Toroidal ferrite cores are the storage medium in which coincident current

- addressing and destructive readout techniques are utilized.. A restore cycle follows
every read operation to preserve the contents of the memory. Each memory location
stores a 28-bit word which is divided into two 14-bit syllables. The memory element
transfers one syllable at a time which necessitates four operations (two read cycles and
two restore cycles) to transfer a complete word. The Central Processor has random
access to stored information within preselected sectors.

2-100. CORE MEMORY FUNDAMENTALS. Figure 2-14 illustrates the properties of a
ferrite core. As shown in the figure, the core can be magnetized in either of two
directions. By establishing that a core contains a ''1"" when magnetized in one direction
and a "'0" when magnetized in the opposite direction, the core can be used to store one
"bit" of a binary number. The core is magnetized by passing a d-c¢ current of 1/2 ‘
~through the X and Y drive lines in coincidence. :

OP2 '
PRS STO RSU
OPI1
clo XOR CLA ADD
OP3
TNZ ™I AND
HOP TRA Plo ) SUB

OP4

INSTRUCTION | A8

CcDs
SHF 0

Figure 2-8. Operation Code Map
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%

NOTE: CLA = 1111 Op4

Figure 2-9, Selecting An Instruction
NOTE

I is the current necessary to drive the
core into magnetic saturation, The direc-
tions of the currents in both the X and Y
drive lines must be additive to operate

the core.

The direction of magnetic flux about the core can be reversed by passing the same
currents through the drive lines in the opposite direction. Reversing a core in this
manner is called "switching' it. A sense winding, represented by S in figure 2-14, also
passes through the core and lies within its magnetic field. When a core is switched,

the resulting field collapses and then expands causing a pulse of voltage to be induced in
the sense winding. Thus, if a core containing a 1" is switched to a ''0"', the resulting
voltage pulse in the sense winding can be amplified and used to set a latch, indicating
the core contained a ""1'". If the core already contained a ""0", it would not switch and
no voltage pulse would appear in the sense winding to set the latch.

2-101. The following method is used for reading information from a core memory. It
is called "destructive readout' because after the core is read, it no longer contains the
"1'" which was sensed from it, The latch into which the 1" was read is a buffer between
the core and the circuits which use the stored information. The "buffer latch' stores
the "'1" until it can be {ransferred into the Central Processor and until the core can be
switched back to its original state. The process of driving a core to a ""0" and sensing
whether or not it produced an output is called ''read cycle', Switching the core back to
its original state is called a "'store cycle'. -
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Instruction Operation Code . + ~ Description

4 3 2 1

HOP 0 0 0 O | Transfers program to memory location specified by
HOP constant. Operand address specified memory
location of HOP constant used to load the registers
shown in HOP constant format (below). Full HOP
constant MUST be specified each time. First in-
struction following HOP comes from new location.

S|1|2|3|4|5|6]|7|8]|9]|10]| 11| 12| 13| 14| 15| 16| 17| 18]|19]20{21|22(23|24|25]

I Data
M Sector

Instruction S Instruction
Address Y Sector
. L

20

413121 AB|AT|A6|A5|A4|A3]A2(AL 41312]1

PRS 0 0 O 1 | Print store. Initiates a printer operation. The
printer operation performed is specified by the operand
address.

Address Operation

000g to 773g Data in memory address specified
is transferred to the printer,

174g A group markword mark is sent
to the printer, '

7158 Data in the accumulator is trans-
ferred to the printer.

SUB 0 0 1 O | Subtracts contents of memory location specified in
operand address from contents of accumulator.
Places remainder in accumulator,

TNZ 0 1 0 O | Conditional transfer. Transfers operand address
(A1-A8) to instruction counter and A9 to syllable se-
lect if accumulator contents are not zero. Next in-
struction comes from new syllable and address. If
accumulator is zero, perform next instruction in
sequence.

CIO 0 1 0 1 | Controls the input, output operations of the Central
Processor. The operand address bits specify the
operation to be performed (see figure 2-11 for CIO
codes used by PTC), '

AND 0 1 1 0 |AND's contents of memory location specified in operand
address with contents of accumulator. Result is
placed in accumulator,

Figure 2-10. List of Instructions (Sheet 1 of 3)
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Instruction

Operation Code
4 3 2 1

Description

ADD

TRA

XOR

PIO

STO

TMI

RSU

Adds contents of memory location specified in
operand address to contents of accumulator. Sum is
placed in accumulator.

Unconditional transfer. Transfers operand address
(A1-A8) to instruction counter and A9 to syllable se-
lect, Next instruction comes from new syllable and
address. '

Exclusive - OR contents of memory location specified
in operand address with contents of accumulator,
bit-for-bit, When accumulator bit and bit from mem-
ory are different a ''1" is placed in the corresponding
bit of the accumulator; if accumulator bit and memory
bit are alike, a 0" is placed in the accumulator.

Process input or output. Operand address specifies
input or output and gives address of data source and
destination. These codes are the same as the com-
puter codes. '

Contents of accumulator is stored in memory location
specified by operand address, Contents of accumu-
lator is unchanged. A STO instruction with operand
address 776 or 777 causes contents of HOP save regis-
ter to be stored in memory location 776 or 777 as
specified. These addresses are used for HOP save
feature,

Conditional transfer, Transfer operand address
(A1-A8) to instruction counter and A9 to syllable se-
lect if accumulator sign is minus. Next instruction
comes from new syllable and address. If accumulator
sign is plus, perform next instruction in sequence,

Reverse subtract., Contents of accumulator are sub-
tracted from contents of memory location specified
by operand address. Remainder is placed in accumu-
lator.

Figure 2-10. List of Instructions (Sheet 2)
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Instruction

Operation Code
4 3 2 1

Description

SHF

CDS

CLA

-Contents of .accumulator are shifted MSD or LSD a

maximum of 6 bit positions as specified by operand

address.
will become "0's",

occurs if A7 equals a "'1",

On a MSD shift the vacated bit positions

on a LSD shift the vacated bit
positions will be assigned the value of the SIGN:bit.
A MSD shift occurs if A7 equals a ""0" and a LSD shift

The number of bit posi-

tions shifted is determined by decoding address bits
A1l through A6,

Shift

Al

A2

A3

Ad

‘A5

A6

D N bW N =

Hl"
"0"
HOH
"0"
HOH

'HO;'

HOH
Hl”
HOH
HOH
”0"
"0”

HO'I
l'o"
"1"

nor .

HOH
'lO"

HOH
”0”

. "0"

l'l”
HOH
HOH

"0"

HO" .

110"
Ho"
Hl"
Hol'

"0”

o
i 1
nQn
rno"

"1"

ChangeAdat'a sector. Operand address is used as a
constant to load registers indicated below.

AlA
9] 8

AlA
716

A
4

A
3

A
2

A
1

20| o>

Sector .

Data

4

3

2

1

Contents of }nemory location specified by the operand
address are transferred to cleared accumulator,

Figure 2-10, List of Instructions (Sheet 3)
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CIO Operand Address

Operation .

000

004

010
014
020
024
030
034
040
044
050
054
1060
064
070
074
100
104
110
114

120

" Reset interrupt 14 latch

Reset interrupt 15 latch

'~ Generates a PTC single step command.

Enables the interrupt inhibit register latches to be set
under control of accumulator data bits 11 through 25
(Data bit 11 sets interrupt inhibit latch 15, etc.)
Enables thé interrupt inhibit register latches to be re-
set under control of accumulator data bits 11 through
25 (Data bit 25 resets interrupt inhibit latch 1, etc.)
Reset interrupt 1 latch

Reset interrupt 2 latch

Reset interrupt 3 latch

Reset interrupt 4 latch

Reset interrupt 5 latch

Reset interrupt 6 latch

Reset interrupt 7 latch

Reset interrupt 8 latch

Reset intei’rupt 9 latch

Reset interrupt 10 latch

Reset interrupt 11 latch

Reset interrupt 12 latch

Reset interrupt 13 latch

Reset inetrrupt 16 latch

Resets the main interrupt latch.

Generates a type alpha numeric command. Positions
SIGN and 1 through 5, respectively, of the accumulator
data word contain the "BA8421" code.

Figure 2-11, PTC Internal CIO Operations (Sheet 1 of 3)
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CIO Operand Address

Operation

124
130

134

140
144
150
154

160

164
170
204

210

214

220

Generates a type decimal command Posxtlons SIGN
1, 2, and 3, respectively, of the accumulator data word
contam the "8421" code.

Generates a type octal command. Positions SIGN, 1,
and 2, respectively, of the accumulator data word con-
tain the ''421" code.

Generates a typewriter control command. Positions
SIGN and 1 through 5 of the accumulator data word are
decoded to perform one of six operations,

Data Bit Operation
SIGN Space
1 Black Ribbon
2 Red Ribbon
3 Index
4 . Return
5 , Tap

Generates an X plot command,.
Generates a Y plot command
Generates a Z plot command,

Stores the configuration of the interrupt latches in po-
sitions SIGN and 1 through 15 of the accumulator data
word. (Data bit 1 stores interrupt latch 1 configuration,
etc.)

Generates a printer carriage control command. Posi-
tions SIGN and 1 through 5, respectively, of theaccumu-
lator data word contain the "BA8421" code. ‘

Generates a print octal command,
Generates a print BCD command,

Enables the program control display register to be loaded.
Positions 21 through 25 of the accumulator data word
are loaded into positions P40, P20, P10, P4, P2 and P1,
respectively, of the program control display register,

Enables one of six output discretes tobe generated. Dis-
cretes 1 through 6, respectively, are controlled by po-
sitions 25, 24, 23, 22, 21, and 20 of the accumulator
data word :

Transfers the PROG REG A data word into the accumu-
lator.

Transfers the PROG REG B data word into the accumu-
lator,

Figure 2-11. PTC Internal CIO Operations (Sheet 2)
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Figure 2-12. Operand Address Layout:
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Figure 2-13, Memory Element Block Diagram
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2-102, The preceding paragraphs dealt with the operation of a single core, - However,
a single core can store only one bit of information while a core memory must store
many bits and select each bit on command. This ability can be achieved by arranging
cores in rows and columns as shown in figure 2-15. An X drive line passes through all
the cores in two rows and a Y drive line through all the cores in two columns. The.
cores are held in place by the wires passing through them; the wires are fastened to a
frame and the unit is called a plane, The cores are positioned on the drive lines ina
pattern which puts the magnetic fields of adjacent cores 90 degrees apart; this elimi-.
nates interference between cores, The sense windings run parallel to the X drive lines
and pass through all the cores in a segment of a plane. There are four segments to each
plane, and the sense windings are interconnected as shown in figure 2-16. The sense
winding is wound in a pattern which results in cancellation of "half-select' noise (dis-
cussed later). :

2-103. The arrangement of cores into planes facilitates storing and addressing many
bits of information, but still falls short of practicality, because only two bits can be
addressed per plane. The Central Processor operates using "words' which comprise
a number of bits, thus the memory must be expanded to store a complete word in each
location. The expansion is accomplished by providing a separate plane for every two
bits in each syllable of the word. (See figure 2-17,) The planes are stacked one above
the other to form an "array' which accommodates a word of 13 bits and parity in- each
syllable, (See figure 2-18.)

2-104, Each plane has four separate sense windings: segments 1 and 2 for the even
bits in both Syllables 0 and 1 and segments 2 and 1 for the odd bits in both syllables 0 and
1. (See figure 2-16,) Memory address register bit 5 controls sense amplifiers for two
segments at a time while the buffer latches allow individual bits to be sensed. The
problem, however, is encountered in attempting to restore the information back into -
memory. As presented up to this point, energizing drive lines switch all of the cores

in the addressed location to the same state, There is (thus far) no provision for storing
numbers which contain both "'1's" and "0's", Therefore, another winding called an
"inhibit" winding is wound through each quadrant of every plane to allow bits to be stored
individually. The inhibit windings run parallel to the Y drive lines and carry the same
current as the drive lines but operate only during the store cycles. During a store
cycle, the drive lines attempt to switch every core in the addressed locations to "1's",
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Figure 2-16. Memory Sense Winding and Interconnection Block Diagram
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However, any buffer storage latches containing ''0's'' energize the inhibit windings in
‘the quadrant of the bit position sélected. (See figure 2-19.) Inhibit current opposes
the current in the Y drive line and cancels its effect, Thus the addressed cores in the
inhibit quadrants feel only the half selected current of the X drive line and do not switch,

" Since the cores in the addressed locations were all switched to "0's" when they were
read, any inhibit cores w111 simply remain in the ""0" state.

2-105. Associated with the array are a number of special circuits which are required
to operate it. Included in these circuits are the sense amplifiers, some special timing
circuits, and the circuits which provide power to the drive lines and inhibit windings.
These circuits vary widely from system-to system and therefore are not included in the
description of Core Memory Fundamentals. Detailed operation of the circuits used in
this system are described in subsequent paragraphs.

, o /\ /<SYL SIDEB -
; _EVEN 0
SIDE A BITS >< ‘
SYL
’ o
ObD~ >’

BITS

CORE MEMORY ARRAY B
~ (MEMORY MODULE 1)

CORE MEMORY ARRAY A
" (MEMORY MODULE 0)

Figure 2-18, Physical Layout of PTC Memory Array
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2-106. The location of cores can be defined by the X and.Y drive lines which pass
through them. The circuits which operate the plane are controlled so that two X and
two Y drive lines carry current through four cores at any given time. The two selected
cores at the intersection of the X and Y drive lines in each plane receive the coincident
current necessary to switch them, An odd and an even bit can therefore be selected in
either syllable, in all core planes. The two non-selected cores that have both X and Y -
lines passing through them have equal and opposite currents which cancel each other.
This method of selecting memory locations is called ""coincident-current addressing. "
When a memory location is selected by coincident current addressing, the selected
cores along each drive line receive the full current to select them. However, there are
a number of other cores along each of the selected lines which receive one-half the
current of the selected cores; these cores are called "half-selects'. Although half-
select cores remain virtually at magnetic saturation, those containing '""1's" will trans-
mit small voltage spikes (called half select noise) into the sense winding. The sense
winding is wired so that half-select noise from one core cancels that from another.
Thus, half-selected noise cannot mask a ""0" in the selected core,

2-107, MEMORY MODULES. The memory element is composed of two integral
asynchronous memory modules, which operate under control of the memory control
element. The modules are termed '"integral" because each module is a complete
memory in itself. Included in each module are a core array and all the circuits
required to transfer information to and from it. Asynchronous refers to the fact that
the timing signals within a module are not in synchronism with the other module in the
Central Processor., When information is to be transferred to or from the memory
element, the Central Processor delivers a "sync'' impulse to the selected module,
waits a reasonable time for the module to perform the transfer, and then continues
assuming that the transfer is complete. During the memory cycle, the memory control
element provides signals to the memory element which control addressing and .
determine the direction of transfer.

2-108. Figure 2-20 is a block diagram of a memory module showing all the circuits it
comprises. The memory drive controls (upper left) receive the sync impulse from the
Central Processor and convert it to a series of read or store timing pulses, The timing
pulses turn the Memory Address Drivers and Inhibit Drivers on and off and strobe the
Sense lines in the array. Addressing signals from the memory control element select
one X and two Y drive lines by conditioning an X driver and return and a Y driver and
return. When the timing pulses occur, the conditioned memory address drivers pass
coincident current pulses through the selected drive lines to switch the cores in the
addressed location, Diode matrices provide isolation between drive lines and return
lines. A temperature controlled current regulator adjusts the memory address driver
current to produce the optimum current output for the prevailing temperature in the
array. A temperature sensing element near the array develops the inputs for the
temperature controlled current regulator,

2-109, Static control signals from the memory control element determine whether
information will be read or stored by conditioning the memory drive controls to produce
the appropriate series. of timing pulses. If information is to be read, a series of read
pulses is generated causing the memory address drivers to switch all the addressed
cores to "0's", Read timing includes a strobe pulse, for the sense amplifiers, which
is delayed from the drive current to allow for the inductive reactance of the windings
through the array. If the purpose of the read cycle is to clear the addressed location
so that new information may be stored in it, the ‘strobe pulse -is inhibited and the sense
amplifiers produce no outputs.
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2-110, If a store cycle is required, the timing pulses produced by the memory clock
drivers reverse the polarity of the memory address driver outputs. The memory
address drivers then attempt to drive all the addressed cores to ''1's"; however, the
store pulses are also routed to the inhibit drivers. Any inhibit drivers conditioned by
""0's" in the memory buffer register will produce an output opposing the Y drive current,
Inhibited cores feel only the X half-select current and, therefore, remain in the "0"
state, :

2-111, Core Array. A memory module is bu11t around a torodial core array w1th a
capacity for storing 4,096 28-bit Central Processor words. The core array, figure
2-17, is a stack of 16 memory planes, 128 cores wide and 128 cores long. Each plane
stores two bits of information, an odd bit and an even bit, for every location of the two
syllables into which the Central Processor is divided. The array is electrically split
into two 8 plane modules. The modules are stacked one on the other and are physically
and electrically independent of each other. Each array is described as being divided .
into syllables, and the two halves of the array are called '"Syllable 0" and "'Syllable 1'".
Each syllable contains 4,096 14-bit locations which are defined by the X and Y drive
lines passing through them.

The Y drive lines are connected between sides B and D of the planes and are numbered
- as shown on figure 2-21. The X drive lines are connected between sides A and C of
the planes.and are assigned specific numbers also, The Y drive lines as decoded"
determine syllable usage. Thus syllable selection is a part of the memory addressing
scheme, Also wound through each plane are four sense windings and four inhibit wind-
ings. The sense windings run parallel to the X drive llnes, and the inhibit wmdmgs »
run parallel to the Y drlve lines. :

2-112. Short pins protrudmg from all sides of the planes facilitate connections. to the L
planes and interconnections between planes. The sense and inhibit windings are con-"
nected to pins, four pairs per plane, as shown on figures 2-16 and 2-19, Drive lines -
enter plane 1 from diode boards, and are then jumpered to plane 2. After passing
 through plane 2, they are jumpered to plane 3. In a similar fashion they weave their
way down through plane 7. The lines exit plane 7, circle around via jumper boards,
re-enter the plane on the same side, and weave their way up through the 7 planes. The
drive lines exit plane 1 and are connected to the diode board.

2-113, To reduce congestlon adjacent drive lines enter from opposite dxrectlons. Thus
drive currents in adjacent lines flow in opposite directions. (See figure 2-21,) '
The four pairs of inhibit windings then enter the planes at one side; each pair weaves it

~ way back and forth through one quadrant of the plane. (See figure 2-19.) Consequently
inhibit current reverses direction with each pass across a quadrant of the plane so-as to
always oppose Y drive current in that quadrant during store cycles. Drive current for .
both X and Y is provided by the memory address drivers; the direction of the drive cur-
rent is controlled by the memory drive controls.

2-114, Memo;x Control. (See figure 10-28, sheet 25, and timing charts, figures 2-22,
2-23, 2-24 and 2-25.) Memory has the capability of performing four operations: read-:
ing syllable 0, reading syllable 1, writing syllable 0 and writing syllable 1. The read-
write operations begin with the memory control circuits, A latch output level which
starts all read-write operations is the SINK level, The SINK latch is set when initiating
a read-memory during instruction time (A-13-Y time) or a read-memory during opera- .
tion time |(B~2-Y time or C-2-Y time), providing the read level (-Y RD) is present. The
read level is present during memory operate (MOP) time when the operation decoded is
not a store operation, The SINK latch is set when (1) initiating a write-into memory. -
for storing into syllable 1 during A-2-Y time or (2) storing into syllable 0 during
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C-2-Y time (3) or to force syllable 1 to zeroes during C-12-Y time. A read SINK is
developed during memory operate at A-7-Z time for reading an instruction out of
memory; during memory operate, a write SINK is developed at A-Z-10 time for restor-
ing the instruction back into memory. A read or write SINK is initiated during memory
operate and B-12-Z time either to read data from syllable 1 or to force syllable 0 into
a store zeroes condition,

2-115, Memory operate (MOP) is a conditioning level which allows memory to operate.
The absence of MOP causes memory timing to be inhibited. The MOP level is present
at all times except when any one of seven gates (see figure 10-28, sheets 25 and 8) is
conditioned., The gates are conditioned as follows:

1. When a change data sector (CDS) instruction, a transfer if minus (TMI) instruction,
or a shift (SHF) instruction (OP1 NOT, OP3 and OP4) is decoded.

2. When in computer single step (CST) at 6 through 13 A time, (Instructions are pre-
vented from being read.)

3. When in memory load (RUN NOT) at 6 through 13 A time. (Instructions are pre-
vented from being read.)

4, When an interrupt (INT) is programmed at 6 through 13 time,
5. When a HOP is programmed during memory load.

6. When the operation code for an absolute transfer (TRA = OP1 NOT, OP2 NOT and
OP3) is decoded.

7. When the operation code for a transfer if not zero (TRZ = OP1 NOT, OP2 NOT
and OP4) is decoded.

2-116. During self-check, the FREE RUN SS level allows generation of MOP so that
memory timing checks can be performed.

2-117, MEMORY MODULE SELECTION. Memory module selection circuits select
data or instructions from a specified memory module. Data module and instruction
module latches under control of the processor determine which module will be selected
for data and instructions. Either memory module A or memory module B is started by
means of a SYNC A or SYNC B starting pulse. (See figure 10-28, sheet 25.)

2-118, SYNC B is developed from either of two gates. One gate is conditioned by the
output of the data module latch (DM1) during operation time (PAD, i.e., phase A
delayed time). The gating level of SYNC B is a latch output which occurs from W to Z
time with each SINK,

2-119, The other gate is conditioned during instruction time (PAD NOT) providing the
residual sector is not selected (A9 NOT) when reference is made to memory B for an
instruction word (IM1), The gating level in this case is the same as above, i.e., a
latch output which occurs from W to Z time with each SINK,

2-120. SYNC A is developed similarly to SYNC B, The only difference is that the
conditioning levels for selecting memory module A sync (sync A) are either DMO or
IMO latch outputs. A case unique only to memory A is the development of a SYNC A
when the residual sector is selected by address Bit A9 during operate time (PAD NOT).
The gating level is the latch output which occurs from W to Z time with each SINK,
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2-121, Memory Drive Controls, The Memory Drive Controls cause generation of
timing pulses which gate information in and out of the array, During read cycles,
read current pulses are gated out of the memory address drives and the sense ampli-
fiers are strobed at the proper time, During the store cycle, pulses of store current
are gated out of the memory address drivers and the selected inhibit drivers are turned
on and off. Included in the memory drive controls are a binary counter which develops
a read or write gate (RD-WRA) and an inhibit gate (INHIBIT GATE), five memory read
or write delay circuits for proper sequencing of selection circuits, and a strobe gate,
(See figure 10-28, sheets 24 and 27.) These circuits produce a series of read timing
pulses and a store pulse sequence. A read memory (RDM) latch output (figure 10-28,
sheets 25 and 24) in the Memory Control Element determines whether a read gate or -
write gate will be activated by each SYNC pulse.

2-122. Operation of a read cycle and a write cycle is identical, except for the strobe
gate which applies only to read. Figures 2-22, 2-23, 2-24 and 2-25 show the timing

of a read cycle, a write cycle and a strobe cycle. A memory cycle is initiated when
the SYNC pulse starts the binary counter which produces a read or write gate (RD+ WR).
The read or write gate develops read or write delays. (See figure 10-28, sheet 24.)
The read or write delays when gated by the read gate (RD GATE) control the timing and
pulse width of the "'read current” by timing the memory drivers on and off. The strobe
gate, STROB, (figure 10-28, sheet 27) enables the memory sense amplifiers to sense
the output.of the cores at the proper time. The STROB output is normally a '"1" level
and is momentarily switched to "0 by the positive transition of the 2. 25 read or write
delay (RD+ WR DLY 2. 25) during sense amplifier enable time. When the outputs of the
cores are not to be sensed, i.e., during a store operation, the inhibit strobe (STROBE
INH) signal is enabled. When STROB INH is a 1" the strobe gate produces no output;
consequently the memory sense amplifiers are not enabled and do not sense the core
outputs. If a store cycle is required, the SYNC pulse starts the binary counter which .
produces the RD+ WR gate. The RD+ WR gate is developed just as in the read cycle.
A write gate (WR GATE), however, controls the timing and pulse width of the write
(store) current, Like the read, the memory address drivers are turned on and off.
There is however a reversal of polarity of the memory address drivers, producing
""store current' instead of ''read current'.

2-123. SYLLABLE SELECTION, (See figure 10-28, sheets 25 and 26.) The syllable
select circuits determine which syllable of the memory will be addressed with each
memory cycle. Syllable selection is determined by the SYL1 latch, The SYL1 latch
is controlled by four gates in the sequence as follows:

1. A C-6-Z time the SYL1 latch is set which forces selection of SYL1,
2, At the following A-6-Y time the SYL1 latch is reset, if the syllable 1 control latch

(SYLC1) is reset. SYLCI if reset allows reading of instruction from syllable 0, If the
SYLC1 latch is set at A-6-Y time, an instruction is read from syllable one,

3. At the following A-13-Y time, SYL1 latch resets or remains reset if already in the
reset state. This allows syllable zero to be selected for a data read or store operation,

4, At the following B-6-Z time, if reading from memory (read level present) SYL1 latch
is set and syllable one selected. If a store operation is underway syllable zero remains
selected since SYL1 latch was previously reset.

5. At C-6-2Z time, forced selection of syllable one is effected and the sequence of
syllable selection is started again,
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2-124. The syllable select latch outputs are ANDed with the read and write gates

to form the memory drive controls. (See figure 10-28, sheet 26.) The memory drive
control levels, write syllable 1 - read syllable 0 (WR SYL1 RD SYLO) and the read
syllable 1 - write syllable 0 (RD SYL1 WR SYLO) for either memory A or B are
developed as follows:

1, WR SYL1 RD SYLO is developed when either the SYL1 latch is set coincident with
the write gate (WR GATE) or when the SYL1 latch is reset coincident with the read gate
(RD GATE).

2. RD SYL1 WR SYLO is developed when either the SYL1 latch is set coincident with
the RD GATE or when the SYL1 latch is reset coincident with the WR GATE,

2-125. MEMORY ADDRESSING (See figure 2-26,) - Random access to memory's
contents facilitates variation in the programmed instruction sequence and processing
similar data with a common program sub-routine, The system for specifying the
location of information in the memory is the addressing scheme. A complete memory
address specifies a memory module, a syllable within a module, a sector within the
syllable and a location within the sector. The syllable selection applies to both modules,
the sector address applies to both syllables of both modules, and the location address
applies to all sectors of both syllables of both modules, But this is not yet a true pic-
ture of the memory addressing scheme because modules are not addressed in the usual
sense, Instead a sector address and location address are combined in the memory
address decoders to develop X-Y coordinate selection signals., These signals along with
syllable selection signals, are applied to the memory address drivers of each module,
The module is addressed by routing the sync impulse which initiates a memory cycle

to only the selected module. Module SYNC selection has been previously described

and the remainder of this discussion is limited to correlating the sector and location
addresses to the X-Y coordinate of the array.

2-126. Two 4-bit registers in the processor store separate sector addresses for
instructions and data words., The instruction sector register is used during instruction
time and the data sector register during operation time, The content of these registers
is changed at intervals in the program by special instructions located at appropriate
points in the instruction sequence. The sector register latch outputs provide gated
control levels which develop into A10, A1l and A12 memory address bits and augment a
single 9-bit address register thereby selecting individual locations within the selected
data or instruction sector, The address register is loaded twice per Central Processor
cycle, once at the beginning of instruction time and again at the beginning of operation
time.

2-127. The memory address decoders combine memory address register bits 10 through
12 (MAR10-12) developed from instruction sector, data sector and memory address
registers in four 3-bit groups to form octal selection signals for the X-Y drivers.

Figure 2-27 shows how the two addresses are combined and which set of X-Y drivers is
selected by each 3-bit group. In the Lo X and Lo Y groups, octal values O through 7
select X and Y drivers 0 through 7 respectively; in the Hi X and Hi Y groups, the same
values select X and Y drivers 00 through 70 respectively.

2-128. Notice that bit A9 of the memory address register overlaps the entire sector
register in figure 2-27, part A, Bit A9 is a special purpose bit which provides the option
of addressing data for one instruction from the residual sector instead of the pre-
selected data sector. Because of its purpose, A9 is sometimes called the "'residual bit",
A "1" in bit A-9 appears to the memory address decoders as though the data sector
register contained all "1's"; this overrides the registers actual content. The A9 option
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Figure 2-27., Address Decoding and Drive Current Regulation

is not available for addressing instructions; however, instructions can be read from the
residual sector by selecting it with the instruction sector register. Similarly, the
residual sector can be selected by the data sector register but this defeats the purpose
of the A9 bit.

2-129, Both syllables of the array are identically divided because syllable selection

is independently controlled and constitutes a separate facet of memory addressing. The
sectors in each syllable are assigned the octal addresses 0 through 17; sector 17 in
memory module 0 is designated the residual sector. Every sector is made up of 400
octal addresses, and all but the residual sector are assigned the same set of addresses,
0 through 377. The locations in the residual sector are assigned addresses 400 through
1717,

2-130, The addresses assigned to the residual sector seem to contradict figure 2-27.
But, in the figure, address bit A9 is excluded from the location address in order to
show its correlation to the sector register, Thus, addresses 400 through 777 exceed
the capacity of the bits which specify the location address. However, each instruction
contains a 9-bit operand address and it is convenient to consider all nine bits in describ
ing data addresses. Thus the addresses in the residual sector become 400 through 777,

2-131. MEMORY ADDRESS DECODERS - (See figure 10-28, sheet 23.) The memory
address decoders process memory addressing signals from the processors program
control and data control sections, into conditioning levels for the memory address driv-
ers. These conditioning levels originate in the 9-bit memory address register (MAR1
through 9) and the two 4-bit registers, instruction sector and data sector registers.

The nine latches in the memory address register reflect gated transfer register bits
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for selection of data addresses. MARS latch of the memory address register has other
controls. These controls are inputs IS4 and DS4 which are the high-order bits of the
instruction and data sector registers, respectively, Input IS4 is sensed at A-7-Z time
con-current with the instruction address transfer, and D84 is sensed at A-13-Z time
with the operand address transfer.

2-132, The three least significant bits of both sector addresses are developed into the
hi-order octal selection bits of the Y-coordinate (MAR10, MAR11, MARI12 and inverses).
Inputs are selected from the instruction sector register during instruction time and
from the data sector register during operation time. During operation time (PAD NOT)
when the residual sector is not selected (A9=0), DS1, DS2 and DS3 or their inverses are
gated to form decode levels MAR10, MAR11 and MAR12 or their inverses, respectively.
During instruction time (PAD), IS1, IS2 and IS3 or their inverses are gated to form
decode levels MAR10, MAR11 and MAR12 or their inverses, respectively, When
address bit A9 is a ''1" during instruction time, MAR10, 11 and 12 bits are forced to

"1'" for residual sector selection regardless of contents of data sector latches.

2-133. Each MAR bit and its inverse is an input to a power inverter (figure 10-28,
sheet 29) which has four outputs. Two outputs go to driver circuits and two to return
circuits for X and Y drive line selection,

2-134. Memory Address Drivers. The Memory Address Drivers develop the X and

Y drive currents and provide a means for selecting X and Y drive lines. Thirty two
composite circuits represented as OR circuits on figure 10-28, sheet 29, are divided
into two groups. There are 16 for X and 16 for Y, which implement a coincident current
addressing scheme. Each group drives through a diode matrix (figure 2-21) to main-
tain isolation between drive lines. The memory address decoders develop the selection
signals which condition an X drive and return circuit and a Y drive and return circuit
at one time. The output of an X or Y driver is a ""1" when all inputs are "0", and the
output of an X or Y return is a "0" when all inputs are ""0". When selected, the drivers
produce coincident pulses of either read or store current through one X and one Y drive
line. The five inputs to the memory address drivers are the memory address register
bits (MAR and MAR NOT) and the memory drive control gates (read and write).

2-135. The logical layout of the PTC memory drive lines is illustrated on figure 2-28,
When decoded, bits 1, 2 and 3 of the memory address register select 105 X drive lines
in both the even and odd half of memory. The next three bits decoded (4, 5 and 6),
select one X drive line in both the even and odd halves of memory., The 10g X lines
selected are called the units drive lines while the single line selected as a result of the
higher bits decoded is called the eights selection, The eights X drive line completes
the path for current flow with one of the selected units X drive lines. It is readily seen
that there are therefore 100 octal (0 through 77) X drive line selections possible in each
half (odd and even) of memory. There are four gates originating in the memory timing
controls which control X drive line selections for either reading or writing. They are
the write syllable 1 - read syllable 0 gate (WR SYL1 RD SYLO), the read syllable 1 -
write syllable 0 gate (RD SYL1 WR SYLO0), the read 1 - write X gate (RD1 WRX DRIVE)
and the read 2 - write Y gate (RD 2 WRY DRIVE). These gates are discussed in later
paragraphs,
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2-136, The units and eights method for selecting Y drive lines is the same. Memory
address register bits (7, 8 and 9) and (10, 11 and 12) are used for units and tens drive ‘
line selections respectively. There is however a major variation. Instead of odd - even

bit selection, syllable selection (either 1 or 0) is made through the Y selection gates.

The syllables are selected as a result of control gates which have their origin in the

memory timing controls. They are the write syllable 1 - read syllable 0 gate (WR SYL1 -

RD SYLO), the read syllable 1 - write syllable 0 gate (RD SYL1 WR SYLO0), and the

read 2 - write Y gate (+ URD2 WRY). (To be discussed later.)

2-137. In both the X and Y drive lines, read current flows in the opposite direction to
write current. This allows selections of the same cores using the same drive lines but
different drive sources. Figure 2-29 illustrates core selection for address location

00 during both read and write. The two selected cores in address 00 are in the corners
of the plane where X and Y drives intersect, Note that the current flows from the
return (RET) to the driver (DR) in every case and that half currents (in both X and Y) in
the two corner cores are aiding while the coincident currents in the other two cores
are opposing thereby cancelling each others effect. All other cores shown are half-
selects,

2-138. Core locations for addresses that follow in the next higher order are not in
close proximity to those in address 00, If it is desired to find the physical location of
the cores in other address locations, find the X and Y drive lines (figure 2-21) from
the decoded memory address bits. The locations where X and Y drives intersect and
their currents are aiding reflects the address selected cores.

2-139. Temperature Controlled Current Regulator. (See figure 10-28, sheet 26,) The
switching characteristics of ferrite cores are subject to change with variations in
temperature. The temperature controlled current regulator continuously adjusts the X
and Y driver output current to the optimum value for the temperature in the array. A
shunt resistance (R) is controlled by thermal switches, which effectively changes the
value of current supplied by the 40 watt current source. Decreases in memory ambient
temperature require increases in drive current, As the temperature decreases, three
resistors are successively shunted across a 40 watt current limiting resistor via ther-
mal switches TH1, TH2 and TH3, thereby decreasing its resistance and permitting more
current to flow. Thermal switches TH1 - TH3 open successively as the temperature
increases thereby effectively increasing the resistance which decreases the drive
current, (See figure 2-27, part B.)

2-140. The current developed passes through the selected X and Y drive lines at the
times dictated by the read - write delays. The X drive current, called read 1 write X
drive (RD 1 WRX DRIVE), starts earlier than the Y drive current (RD2 WRX DRIVE) to
eliminate possible noise from simultaneous starting of X and Y drive currents,

2-141. Inhibit Drivers. The Inhibit Drivers facilitate storing each bit of an addressed
memory location separately, by preventing cores which are to contain "0's" from being
switches to '"1's", Twenty-eight inhibit drivers (four per plane), such as the one shown
in figure 2-30, are provided to drive the seven active planes of each memory array.
During store or restore cycles, inhibit drivers conditioned by "0's" in the memory
buffer registers develop current pulses equal in magnitude but opposing the Y half-select
current. Memory timing causes inhibit drivers to turn on and off so that inhibit current
overlaps the Y drive current. Thus, addressed cores in inhibited planes supply only

the X half-select current and are not switched.
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Figure 2-30. Inhibit Winding and Driver

Two signals condition an AND circuit which controls the turning on of each inhibit
driver. They are the memory buffer register latches (bit = ""0') and an inhibit (INH)
level developed from memory timing controls. The INH level occurs for the syllable
selected when the INHIBIT GATE is present, The INHIBIT GATE, a latch output level,
is developed at each SYNC and Y time prior to the setting of the RD + WR latch, (See
figure 10-28, sheets 24 and 27 and figures 2-23, 2-24 and 2-25 for inhibit circuits and
timing.) The INHIBIT GATE latch is reset every read memory time; therefore, an
inhibit operation can take place only during a write time,

2-142, Memory Sense Amplifiers. (See block diagram, figure 2-26, for the overall
sense amplifier scheme and figure 10-28, sheets 27 and 28 for particulars.) The
memory sense amplifiers discriminate between ""1's" and ""0's" at the outputs of the
memory plane segments sense windings, A separate memory sense amplifier (figure
2-31) is provided for each of the four segments of each plane of the array; thus, each
bit of each syllable is sampled individually, Upon sensing a ""1" in the sense winding,
the memory sense amplifier delivers a timed output to the memory buffer latch cor-
responding to the bit which was sensed.
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2-143. The input stage to the memory sense amplifier is a differential amplifier (SA);
thus the circuit senses both positive and negative '"1'" outputs from the sense winding
when enabled by bit A5 for proper segment selection (A5 = "0" enables segment 1, and
Ab = "1" enables segment 2), The outputs of the differential amplifier are coupled to an
output switching stage which is controlled by the input of a strobe gate (SA STROBE).
The output switching stage (SA DET) is a strobed Schmitt trigger that produces a 1"
output only when its associated sense amplifier senses a ''1" and the strobe input is a
""0", The SA STROBE is an inverted and amplifier STROBE. STROBE is a "'1" during
coincidence of decoded store operation and the 2. 25 and 1. 75 RD+ WR DLY.

2-144. Memory Buffer Register. (See figure 10-28, sheet 21.) The memory buffer
register is an intermediary register consisting of 14 latches which regulate information
flow into and from the memory.

2-145. Computer memory readout is destructive: as data is read from the nmemory,
the applicable memory bits are all driven to ""0". The buffer registers hold the data
read from memory long enough so that it can be read back in, thereby making the
memory readout effectively non-destructive.
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2-146. In addition to saving the memory from progressive obliteration, the memory
buffer registers feed memory data to the transfer register and receive data to be stored
in memory from the transfer register. ‘ '

2-147. Each of the memory buffer latches is similar, A typical buffer latch with input
controls and outputs is shown in figure 2-32,

2-148. Each memory buffer latch is controlled either manually or automatically (normal
operation). The manual loading of the memory buffer register is a self-check device
and its use is available only when the timing is stopped.

2-149. When manually selected, the memory buffer register switches (MBR SW#) on the
CE PANEL condition set gates of the corresponding buffer latches. The condition of
each buffer latch and associated manual selection switch is indicated by corresponding
lamps on the CE PANEL. All previous information is cleared from the buffer by a buf-
fer reset (MBRST) level. The MBRST, a positive level, is caused by the set output of

a control latch together with a gating level which stops CE PANEL timing, The control
latch is set when the LOAD switch (MEM LOAD SW) is pressed; the CE PANEL timing
is stopped when the SINGLE PHASE switch is actuated. MBRST is inverted to form
control buffer resets 1 and 2 (CBR1 and 2) which clear all of the memory buffer latches,
When the LOAD switch is released, an AND gate is conditioned and the set memory
buffer 1 and 2 (SET MBR 1 and 2) gating levels gate all of the selected switch information
into the memory buffer register. At the same time, the reset buffer register level is
removed. The first Y time after clock pulses start, the control latch is now reset caus-
ing the gating levels to be removed and the reset levels to be reapplied.

2-150. The buffer latches are set in two ways while operating automatically (normal
operation). Transfer register bits (TR#) are gated into the buffer with a set buffer regis-
ter level (SBR X, Y or Z). The set buffer register level is implemented only during a
store operation during clock times X, Y or Z as shown on figure 10-28, sheet 21, A
memory buffer register latch is also set whenever the output of the corresponding sense
amplifier reflects a ''1'" level. The memory buffer register is reset every bit gate 6
time or A-14 time,

MBR SW1 —
SET MBR1—] AO-P | |
MBR1 DR
SBRZ ’
R AO b——¢ | .PD LD —BIT1IND
SENSE A MBR1—] 10 N | PD “MBR1
L

SENSE B MBR1—{ |O , - PD — MBRT DR

CBR1— .

Figure 2-32, Typical Memory Buffer Latch
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2-151, Each buffer latch has two outputs. The memory buffer drive (MBR #DR) goes
to the transfer register and parity check circuits whereas the memory buffer output
(MBR #) is applied to the inhibit drivers,

2-152, The condition of the memory buffer latches is displayed on the CE PANEL as
previously described. Memory buffer register information can also be displayed on
the PROCESSOR DISPLAY PANEL if desired. (See figure 10-28, sheet 23.) Buffer
register or transfer register information is gated into the data lamps by memory buffer
indicator inhibit not (MBR IND INH NOT) or transfer register indicator inhibit not (TR
INDINH NOT) levels respectively. The generation of either of these two levels is
developed by manually actuating alternate action switches: memory register switch
(MEM REG SW) or transfer register switch (TR REG SW) on the PROCESSOR DISPLAY
PANEL.

2-153. MEMORY PARITY CHECK. (See figure 10-28, sheet 22.) The memory buffer
register, broken into four parts, is checked for odd parity by four parity detector cir-
cuits. The detector circuit outputs, called memory buffer register parity levels 1, 2,

3 and 4 (MBRL 1, 2, 3 and 4), are inputs to another parity detector circuit which finally
determines total buffer register parity. (Typical parity detector circuits are described
in detail in a previous paragraph and a diagram of a parity detector circuit is shown on
figure 2-3.) When an even number of one's are detected the resultant is an error buffer
register parity level (EAP) output. An EAP is checked for by a parity check latch, The
checking time of the parity check latch is two clock pulses in duration at read memory
time from A-10-Y, B-2-Y or C-2-Y times, If the error is coincident with the error
check time, a PARITY ERROR latch is set and an error indicator lamp is lit on the CE
PANEL.

2-154, DATA CONTROL ELEMENT LOGIC CIRCUITS.

2-155, TRANSFER REGISTER. (See figure 10-28, sheet 9.) The transfer register is
a 13-bit shift register which receives from and sends inputs to the memory buffer
register, arithmetic element, and the Memory Loader/Data Display. Figure 2-33 is a
block diagram of the transfer register which consists of 19 latches connected in series.
Serial inputs are applied to the TR1 latch and from there shifted bit-by-bit into the
register. The serial inputs are DIN, HOPC1, and AI 1. DIN is the input from the
Memory Loader. HOPC1 is the output of the automatic HOP save circuit and is gated
into the transfer register for a STO 776g or 777g command (SSS). The 26 bit data word
appearing on the Al 1 line is gated into the transfer register during a store operation
unless the operand address is 776g or 7778 (STACC). The instruction counter bits
appearing on the AI 1 line are gated into the transfer register every central processor
cycle from C-14 time to the following A-7 time.

2-156. Data is transferred in parallel into the transfer register from the memory
buffer register (MBR1 DR through MBR13 DR). The data is transferred into the cor-
responding transfer register latches TR1 through TR13 at X time, except for latches
TR2, TR4, TR7, and TR10 which have data shifted into them at Y time, These latches
are loaded at Y time to avoid a double read-in.

2-157, The transfer register also receives parallel inputs from the external control
element INTIME, and FORCE Al through FORCE A4, These signals are generated
during an interrupt operation and form a code which is loaded into latches TR5 through
TR9. This action allows one of the residual addresses 400g through 417g to be loaded
into the transfer register, '
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Figure 2-33. Transfer Register

2-158. TRANSFER REGISTER CONTROL LOGIC. (See Figure 10-28, sheet 8.) The
transfer register control logic consists of the transfer register control latches SRTR,
CLTR, and TBR, and the parity counter.

2-159. Transfer Register Control Latches. The control latches determine when data
is shifted into, through, or out of the register (SRTR), when the register is cleared of
data (CLTR), and when data is loaded into the register in parallel (TBR),

2-160, When the SRTR latch is set, data may be shifted into and through the register,
or data in the register may be shifted out through the TRS latch, Stored data is shifted
out of the TRS latch from B-3-Y time to the following A-7-Y time except when a TNZ,
TMI, or TRA operation is being performed (TTT = "O"). When a TNZ, TMI, or TRA
operation is being performed data is shifted out of the TRS latch starting at B-5-Y time,
During a STO operation data is shifted into the transfer register from B-1-Y time to the
following A-7-Y time, When the Central Processor operation is halted (RUN NOT = "1")
and OP 2 = "1", the SRTR latch is reset at A-2-Y Time,

2-161. When the TBR latch is set, data is transferred from the memory buffer register

into the transfer register. The instruction word is transferred at A-11 time, Syllable
0 and Syllable 1 of the data word are transferred at B-3 and C-2 times respectively.
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2-162. When the CTRL latch is set the transfer register is cleared as follows:
1. At A-8-Y time prior to transfer of the instruction word from memory.

2. At A-14-Y time prior to the transfer of a data word from memory except when a
TNZ, TMI, or TRA operation is being performed (TTT = "0"),

3. When central processor operation is halted (RUN NOT = ''1"") and OP2 = "1" at
A-2-Y time.

2-163, Parity Counter. The parity counter assigns parity bits by making all syllables
have "odd" parity. Odd parity means that the total number of '"1's" in a syllable is odd.
The parity counter "counts' the number of '"1's’' in a syllable and adds a "'1'"" as neces-
sary, so that the total number of '"1's" is an odd number, Thus, if the total number of
"1's" is even, the parity counter adds a bit; if odd, no bit is added. The parity counter
operates during a Store operation when data is loaded into the memory.

2-164, The parity bit counter consists of a binary counter whose outputs are PDD and
PDD NOT, control latch CKP, and parity bit storage latch PAR, The binary counter

is set every central processor cycle at A-1 time, During a store operation, bits are
read into the transfer register during B and C times, As syllable zero bits 25 through
13 are shifted out of the TR1 latch into the TR2 latch, the bits are also read into the
binary counter and the PAR latch., The PAR latch is unaffected by bits 25 through 14
because the input gates are closed (SBRZ = "0'""). The first ''1" out of TR1 clears the
binary counter indicating that the total number of bits is odd and an odd parity bit is not
needed, The next ""1" sets the binary counter indicating that an odd parity bit is needed.
Thus the first, third, fifth, etc. "1" resets the binary counter, while the second, fourth,
sixth, etc. '"1' set the binary counter.

2-165. When the last bit in syllable zero is read into the TR1 latch (bit 13 at 14 time)
the entire syllable zero is stored in the transfer register. Syllable zero is now ready
to be transferred to the buffer register. This transfer occurs at B-14-Z time when
SBRZ = "1"., The parity of the low order half of the data must be assigned prior to the
transfer. At B-14-W time the binary counter contains the parity '"state" of the first 12
bits of data. The TRI1 latch contains bit 13 of the data word. These two pieces of informa-
tion are applied to the set gates of the PAR latch. Two conditions may exist which
necessitate a parity bit to be assigned to the syllable of data: if the number of "1's"

in the first 12 bits is even (PDD = "'1"") and TR1 = "0", thus making the total even; or
the number of '"1's" in the first 12 bits is odd (PDD = 0) and TR1 = ""1", also making

the total even. When SBRZ = "1" both conditions will set the PAR latch and assign a
1" to the parity bit of the data placed in the memory. At the same time SBRZ will
initialize to the zero, or even bit, condition. Note that parity is checked anytime data
is shifted into, or out of, the transfer register (SRTR - "1'" sets CKP = ''1"), However,
only a Store operation can set SBRZ = "'1",

2-166, PROGRAM CONTROL ELEMENT LOGIC CIRCUITS,

2-167, ADDRESS REGISTER, (See figure 10-28, sheet 17.) The address register
stores instruction or data word addresses while the selected word is read from memory.
During an instruction word time, the address register stores the instruction address
(from the instruction counter) to select the instruction word address; the operand address
portion of the instruction word, stored during data word time, is used to select the

data word address.
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2-168. The address register consists of nine latches, Al through A9. Latches Al

through A8 select one of the 400g -memory locations in a sector; latch A9 determines .
whether the addressed data will come from a pre-selected sector, or from the residual

memory. The addresses of selected memory locations are loaded into the address

register from the transfer register. The address register outputs condition the address

decoders in the memory control element and provide control to the LVDCME and

LVDAME for PIO and CIO operations. The transfer address (TA) latch provides timing

and control for the register.

2-169. The instruction address (from the instruction counter) is stored in the address
register from A-8-W through A-13-X time. During this period, the addressed instruc-

"tion is read from memory and placed in the transfer register. The operand address
portion of the instruction is then transferred to the address register at A-13-Z time
for storage while the data word is read from memory. The address register stores
the data word address from A-14-W through the following A-7-X time. The address
register is reset at A-7-Y and A-13-Y times, prior to storing the instruction and data
addresses.

2-170. The TA latch is set during two different periods. The TA latch is set from
A-T7-X to A-8-W time, during this period the address register is reset at A-7-Y time
and is loaded with the instruction address at the following Z time. The TA latch is set
again from A-13-X to A-14-W time; at this time the address register is reset at A-13-Y
time and is loaded with the word address at the following Z time,

2-171, OP CODE REGISTER. (See figure 10-28, sheet 18.) The four-bit OP code
register stores the code of the commanded instruction while the instruction is executed.
The OP code register outputs control the operation of the circuits which execute the
instructions,

2-172, The OP code register, loaded by the transfer register, stores the operation
code from A-12-Y to A-5-Y time, nearly a full central processor cycle, Operation of
the register differs slightly during a computer single step operation.

2-173., The single step (CST) signal generated in the external control element during C
time of the selected central processor cycle, forces a TNZ operation code (OP3) into
the OP code register, The TNZ code disables memory because it requires no operand.
The central processor then idles in this condition until the CST signal is removed allow-
ing the next operation code to be loaded into the OP code register,

2-174, DATA AND INSTRUCTION SECTOR REGISTERS. (See figure 10-28, sheets 18
and 19.) The data and instruction sector registers store sector codes to select one of
16 memory sectors during operation and instruction times, respectively. Sector codes
are loaded into both registers during a HOP instruction, the data sector register is
also loaded during a change data sector (CDS) instruction. The registers store the sec-
tor codes until the next HOP (or CDS) instruction commands them to change.

2-175. The data sector (DS) and instruction sector (IS) registers each contain four
latches. The HOP constant appears as a 26-bit serial output of the transfer register
serial output latch (TRS) during B and C times. The data sector code emerges from
the TRS latch from C-9 time to C-12 time and is loaded into the corresponding DS
register latches at Z time. The DS register can also be loaded with the code contained
in operand address bits Al through A4 of a CDS instruction. These bits are stored in
latches TR5 through TRS8 of the transfer register and are loaded into the DS register
at A~7-Z time (CDS TAZ). The DS latches are reset at the Y time preceeding the Z
time at which they are loaded,
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2-176. The IS register is loaded in the same manner as the DS register with the
following exceptions. The IS latches are set and reset only during a HOP instruction,
The instruction sector code occupies a different position in the HOP constant than the
data sector code and consequently requires different timing signals to accept it. The
IS register is loaded at bit times B-5-Z through B-8-Z.

2-177. DATA AND INSTRUCTION MODULE REGISTERS, (See figure 10-28, sheet 19,)
The data and instruction module registers control the selection of the memory modules
during operation and instruction times respectively., Module codes are loaded into both
registers during a HOP instruction; the data module register is also loaded during a
CDS instruction. The registers store the module codes until the next HOP (or CDS)
instruction commands them to change.

2-178. The data module (DM) and instruction module (IM) registers each contain one
latch. For a HOP instruction the data module code emerges from the TRS latch during
C-6 time and is loaded into the DM latch at Y time. During a CDS instruction the DM
latch is loaded with the code contained in operand address bit A5, This bit is stored in
the transfer register TR4 latch and is loaded into the DM latch at A-7-Z time (CDS
TAZ). The DM latch is reset at the Y time preceeding the Z time at which it is loaded.

2-179. The IM latch is loaded in the same manner as the DS latch with the following

"~ exceptions, The IM latch is set and reset only during a HOP instruction. The instruc-
tion module code emerges from the TRS latch during C-14 time and is loaded into the
IM latch at Z time,

2-180. INSTRUCTION WORD SYLLABLE CONTROL LOGIC, (See figure 10-28, sheet
19.) The instruction word syllable control logic controls the selection of the memory
syllable during instruction time, The instruction word syllable control logic consists

of the SLYC1 latch and a control latch. The control latch is set when TRS = "'1"" at
B-9-Z time (HOP constant syllable code = "1" or operand address A9 bit = ''1""), The
SLYC1 latch is then set at the next B-10-Z time, if a HOP TNZ, TMI, or TRA operation
(UTR) is being performed. The control latch is reset every B-12-W time and the SLYC1
latch is reset at the Y time preceeding the Z time at which it is loaded.

2-181, HOP SAVER REGISTER. (See figure 10-28, sheet 20.) The HOP saver register
assemblies a HOP constant; stores the HOP constant for approximately one Central
Processor cycle and when commanded by the central processor program enables the
transfer register to accept the HOP constant for storage in memory. The HOP constant
will not be stored in memory unless a store instruction is given with an address of 776g
or 7778. The HOP constant register consists of a storage register and two serializers.

2-182, The storage register consists of 19 latches which are loaded with the HOP
constant at A-14-Z time as follows:

1. Latches HIC1 through HIC8 are loaded from accumulator latches DLA 8, DLA 9,
DLA 10, DLA 12, DLA 13, DLA 14, DLA 18, and D1LA 17. These latches contain the
mstructlon counter code. :

2. Latches HDS1 through HDS4 are loaded with the data sector code contained in the
data sector register.

3. Latches HIS1 through HIS4 are loaded with the instruction sector code contained in
the instruction sector register.
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4. Latches HDM1, HIM1, and HSYCLI are loaded with the data module, instruction
module, and instruction syllable-codes respectively contained in the data module
register, instruction module register, and instruction word syllable control logic.

The storage register latches are reset at the X time preceeding the Y time at which
they are loaded..

2-183. The outputs of the storage register latches are gated into the serializer which
produces the HOPC1 signal by Z clock pulses during B and C times, The outputs of the
sector and module registers and the instruction word syllable control logic are gated into
the serializer which produces the HOPTL signal by Y clock pulses during B and C times,
Figure 2-34 shows the order in which the information appears on the HOPC1 and-
HOPTL lines.

HOPC1 HOPTL
Bit Gate
Phase B Phase C Phase B Phase C
BG1 HDM1
BG2 |
BG3 HIS1
BG4 HIS2 HDM1 IS1
BG5 HIS3 1S2 DM1
BG6 HIS4 1S3
BG17 HSYLC1 HDS1 1S4
BG8 HIC1 HDS2 _ SYLC1 DS1
BG9Y HIC2 HDS3 DS2
BG10 HIC3 HDS4 DS3
BG11 HIC4 DS4
BG12 HIC5 HIM1
BG13 HIC6 IM1
BG14 HIC7

Figure 2-34., HOP Saver Serializer Outputs
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2-184, INSTRUCTION COUNTER. The instruction address is incremented in the
arithmetic element and stored in the unused portion of the accumulator register. The
instruction address consists of nine bits but only eight bits are stored in the accumu-
lator register. When the instruction address is transferred to the address register
from the accumulator register to select an instruction, a 0" is forced into address
register bit A9 position, The instruction address is increased by one each instruction
time during normal operation. The instruction address is not increased after the com-
manded instruction is completed during computer single step (CST) operation. The
instruction address is changed during a transfer operation; the instruction address
currently stored in the accumulator-register is dropped and the transfer instruction
operand address is loaded into the unused portion of the accumulator register. The
instruction counter is actually part of the arithmetic element.

2-185. The instruction address is incremented by forcing a ''1" into the C latch (figure
10-28, sheet 10) forcing the BOR latch to "0'" during A time, and adding these two
values, at the add-subtract circuit to the least significant digit of the instruction ad-
dress when the bit arrives at A14. The subsequent address bits are also added with
the C and BOR latch values but the C latch is reset when the first ""1" of the instruction
address reaches A14, (See arithmetic element for description of the add-subtract
circuit. )

2-186. During normal operation, the C latch is reset when the first 0" of the instruc-
tion address is read from the accumulator register Al4 latch. (A14 NOT equals "1" to
reset the C latch.) The C latch operation differs during CST operation.

2-187, The instruction address is also prevented from increasing during a CST oper-
ation while CST equals 1", The C latch is repeatedly reset at A-2-X time when CST
equals ""1" to keep instruction address from increasing, To select the next programmed
instruction during CST operation the externally controlled CST level becomes a '"0"
momentarily to-allow the instruction address to increase by one,

2-188. The accumulator register stores the instruction address after the results of the
arithmetic computations. The accumulator circulates the instruction address in the
same manner that the arithmetic computations are circulated. The instruction address
is loaded into the accumulator automatically by the add circuit and also, during trans-
fer operations, by the transfer register serializer (TRS). The accumulator also sup-
plies the transfer register with the instruction address to select programmed
instructions.

2-189. During a transfer operation, the transfer instruction operand address is
serialized through the transfer register and TRS latch to load ACC1 of the accumulator
register. During this period, UTR equals "1’ and UACCO equals ''0" to enable TRS to
load the new instruction address and inhibit the currently stored instruction address at
ACCO. The ITR and UACCO levels originate at the same latch so can never equal 1"
simultaneously. UACCO equals ''1" during nontransfer operations to enable the current
instruction address to be circulated through the accumulator., The AIl latch of the
accumulator register sequentially loads the TRI1 latch of the transfer register with the
instruction address during bit times C-14 through A-7, The instruction address, while
stored in the transfer register, selects the next programmed instruction,
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2-190. ARITHMETIC ELEMENT LOGIC CIRCUITS.

2-191. The Arithmetic Element i)erforms the following general type of operations:
a. Arithmetic (addition, subtraction and shifting).

b. Logical extraction.

c. Stores new operand and a new instruction counter (previously described).

d. Modifies the stored instruction counter,

2-192, The Arithmetic Element consists of the following:

a. Accumulator Control Circuits (Accum Control)

b. Add/Sﬁbtract Circuit (A/S)

¢. Accumulator Register (Acc Reg)

The A/S Circuit and Acc Reg make up an accumulator which performs the arithmetic
and logic operations and stores the results. The Acc Reg stores two pieces of data:
the results of the arithmetic operation, called the stored operand, and the instruction

counter.

2-193. The Accum Control Circuits provide timing and conditioning gates for the A/S
and Acc Reg circuits. (The conditioning gates are instruction oriented. )

2-194. The A/S Circuit performs the following arithmetic and logical extraction
operations:

Addition (ADD) 8

Subtraction (SUB) ) )
Reverse-Subtraction (RSU) S Arithmetic
Clear-and-Add (CLA) )

And (AND) } , ,
Exclusive Or (XOR) Logical Extraction

In each of the preceding operations only the stored operand and the new operand are
affected. During a CLA operation the stored operand is inhibited and the new operand
enters the Acc Reg unaltered. Similarly, the input data from the input serializer and
input data on the CIO data and PIO data lines enters through the A/S circuit and re-
places the stored operand in the Acc Reg.

2-195, The Acc Reg is a circulating shift register which utilizes the A/S circuit to
complete the loop. When no operations are called forth, the stored operand and instruc-
tion counter are continually circulated; the stored operand is unaltered and the instruc-
tion counter updated during each pass through the A/S circuit. A new instruction
counter (required when performing one of the transfer operations) or a new instruction
counter and HOP constant (which becomes the stored operand) may be entered directly
into the Acc Reg when performing a HOP, Figure 2-35 shows the Acc Reg timing,
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2-196, ARITH CONTROL. The Arith Control circuits consist of the following three
latches (figure 10-28, sheet 10):.

a. RAC

b. ZER

c. UTR-UACCO
2-197, RAC Latch. The RAC latch is set by the following instructions:
1, STO

2, TMI

3. TRA

4, PIO

5. SHF

6. CDS .

7. CIO

8, TNZ

9. HOP

10. PRS 774g or 175g

When the RAC latch is set, the contents of the Acc Rég are recirculated. The RAC
latch is reset every A-14-Y time.

2-198. ZER Latch. The ZER latch stores the result of a check on the stored operand
(ACCO). This check is necessary during TNZ and TMI operations. If the stored con-
tents is not equal to zero or is negative (a ""1" is present in ACCO), the latch is reset,

2-199, UTR-UACCO Latch. The latch may be set to UTR at B-10-Y time when the
following instructions are set in the OP code register:

1. TNZ

2., TMI

3. HOP

4, TRA
Once the latch is set it cannot be reset until C-4-Y time., The period from B-10-Y time
to C-4-Y time is the time when the instruction counter (Al through A8) is available at

the ACCO latch., During central processor single step, if the latch is set to UTR it is
reset the following Z time,
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2-200, A/S CIRCUIT., (See figure 10-28, sheets 11 and 12,) The A/S circuit consists
of the BOR latch, C latch, and the A/S logic. This circuit performs the arithmetic
operations and logical extractions previously mentioned.

2-201. BOR Latch., The BOR latch provides the one-bit storage needed to enter serial
data from the transfer register (TRS), from the LVDCME or LVDAME (CIO DATA and
PIO DATA), or from the input serializer (SCRS). The B latch also provides the entry
point for the result during an RSU operation,

2-202, C Latch. The C latch provides a carry-borrow capability during arithmetic
operations ADD, SUB, and RSU. The C latch remains set (or reset) as long as a carry-
borrow (or no carry-borrow) is needed. The carry-borrow condition is always the re-
sult of the previous one bit summation.

2-203. A/S Logic. The A/S logic consists of the AND gates which are the inputs to the
accumulator. These AND gates perform arithmetic computations.

2-204. ADDITION, SUBTRACTION, REVERSE SUBTRACTION, AND CLEAR AND ADD
LOGIC DESCRIPTION. The A/S circuit (figure 2-36) serially adds or subtracts the
contents of the accumulator (A14), the contents of the addressed memory location (B),
and any carry (C) that develops from the previous bit summation. For each arithmetic
operation the following equation is solved:

1. (ADD) A/S=Al4 + B + C .

2. (SUB) A/S

Al4 - (B + Q)

3. (RSU) A/S = B - (AI4 + C)

4. (CLA) A/S=B

]

2-205, Figure 2-37 shows the truth table for all combinations of values of Al4, B, and
C required to solve equations 1. through 4. (Carry means the present value of carry
that resulted from the last addition that will be used during this addition or subtraction;
Next Carry means the value of the carry that will be used during the next addition or
subtraction., The truth table shows that the values of A/S are the same for all addition
and subtraction conditions of equations 1. through 4,

Y CLOCK —1

Al4
Al4 _7 2] A/s
B | GATES ACCUMULATOR REGISTER
C
LATCH
Z CLOCK -

Figure 2-36. A/S Circuit, Simplified
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Figure 2-37. A/S Circuit Truth Table
NOTE

Clear and Add (CLA) is a special addi-
tion when AI4 and C are both forced
to zero.

2-206. AND gates A37 through A40 define when A/S is a ""1"". Since the truth table for
A/S is the same for ADD, SUB, and RSU, these gates are applicable for all three arith-
metic operations. The gate which makes A/S= 1 when B = 1 and Al4 and C = 0 also
applies to CLA. Thus, gates A37 through A40 apply for all four arithmetic operations,

2-207. The carry latch is designed to change state according to the conditions estab-
lished by the truth table (figure 2-37). The arrows indicate the values of B, AI4 and
carry which cause the carry latch to change state for each arithmetic operation. For
example: on the second line of the truth table, if the carry latch is reset (carry = 0) and
a "1'" (AI4) is subtracted (during RSU) from a "0" (B) a borrow shall be generated (Next
carry = 1), OP code OP2VN and OP3V defines four operations., However, the only
operation that is performed by the A/S circuit is RSU, Since Al4=1and B = 0 are
possible conditions when the contents of the accumulator is recirculating, RAC NOT is
applied to prevent a carry from being generated during a recirculating condition. The
carry latch will remain set until the carry condition no longer exists.
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2-208. XOR LOGIC DESCRIPTION. During an XOR operation the contents of the Acc
Reg (AI4) and the contents of the addressed memory location (B) are ORed exclusively
bit-by-bit., The result is stored in the Acc Reg. The Add-Subtract Element is used to
perform the operation., The following Boolean equation expresses the conditions re-
quired for an exclusive OR:

A/S = AI4 - BN + AI4N ¢ B
The carry latch cannot be set during an XOR operation,

2-209. AND, LOGIC DESCRIPTION. During an AND operation the contents of the
Accumulator (AI4) and the contents of the addressed memory location (B) are ANDed
bit-by-bit., The result is stored in the Acc Reg. The A/S circuit is used to perform
the operation. The following Boolean equation expresses the conditions required for
an AND:

A/S=Al4 . B

2-210. ACCUMULATOR REGISTER. The Acc Reg is a 3-phase, circulating shift
register which stores the results of arithmetic and logical extraction operations and
stores and updates the value of the instruction address. The Acc Reg, in conjunction
with the A/S circuit and Accum Control, perform LSD and MSD shift operations.

2-211, SHIFT LOGIC DESCRIPTION, 12 shift operations can be commanded by the
program: .

LSD-1 MSD-1
LSD-2 MSD-2
LSD-3 MSD-3
LSD-4 MSD-4
LSD-5 MSD-5
LSD-6 MSD-6

2-212, LSD Shift. An LSD shift operation is performed during a STO operation if the
value of the A7 bit of the operand address = ''0'"", Bits Al through A6 of the operand
address denote the number of positions the data word is shifted. The value of the SIGN
bit appears in all the MSD bit positions vacated by the shift,

2-213. The LSD shift operation is controlled by the RT SH and SIGN CTRL latch, The
RT SH latch is set at B-4-X, The accumulator register circulation loop will then be
shortened as specified by operand address bits Al through A6. The SIGN CTRL latch
is set at Y time of the bit time the RT SH latch is reset. This latch allows the value of
the sign to be retained in the MSD positions.

2-214., MSD Shift. A MSD operation is performed during a STO operation if the value
of the AT bit of the operand address is ""1". As in an LSD shift, bits Al through A6 of
the operand address denote the number of positions shifted. The value of the sign bit
is lost and "0's" appear in the LSD bit positions vacated.
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2-215. The LF SH latch controls the LSD shift operation. This latch is set at B-4-X
time. This latch controls the clocks which shift the data word through the accumulator.

2-216. EXTERNAL CONTROL LOGIC CIRCUITS.

2-217. START-STOP CONTROL. The central processor program start-stop operation
is controlled by two externally provided signals; (1) HALT 1 (figure 10-28, sheet 7);
and (2) NCST (figure 10-28, sheet 69). The HALT 1 signal conditions the RUN latch to
control the central processor program start-stop operation during normal operation,
The CST (Central Processor Unit single step) signal conditions the CST gate to control
the processor start-stop operation during computer single step operation.

2-218. RUN Latch. (See figure 10-28, sheet 25.) The RUN latch is set each A-6-Y
time and remains set until the processor is externally commanded to halt; then HALT 1
equals '"1" which resets the RUN latch at A-6-Z time. During the periods that the RUN
latch is set the processor is permitted to operate as programmed, The processor pro-
gram is initiated when the RUN latch becomes set by a simulated HOP to 000 instruction
since the syllable latch, module, sector, OP code and address registers contain "0's'"",
A HOP constant is stored in memory location 000 to start the processor program,

2-219., When the run latch is reset the processor program is halted in the following
manner. The run latch disables memory during phase A, consequently instruction
words cannot be read from memory. The transfer register and in turn the OP code and
address registers will be loaded with "'0's'"; thus commanding a HOP to 000, When the
HOP code is loaded into the OP code register the HOP latch becomes set. When both
HOP and RUN equal "1" memory operation is also disabled during phases B and C. The
reset run latch prevents the transfer of the instruction address into the transfer regis-
ter; consequently the HOP to 000 command is continuously recycled.

2-220. The RUN signal enables the transfer register to be loaded from external
sources via the DIN line. The DIN line is used during a memory load or verify oper-
ation. During memory load or verification, CLA and STO commands are loaded into
the transfer during instruction time via the DIN line. During execution of these in-
structions memory operation is enabled during phases B and C but remains disabled
during phase A, During data word time of STO commands, data is loaded into the
transfer register via the DIN line for storage in memory. The RUN signal clears the
transfer register at the completion of these command operations.

2-221. CST Gate. The output of the CST latch /(ﬁgure 10-28, sheet 7) is called the

CST gate. The CST gate inverts the externally provided CST signal to halt the proc-
essor program during single step operation. The CST signal forces a transfer nonzero
(TNZ) operation code into the OP code register, prevents the instruction counter from
stepping, and prevents the operand address from transferring from the transfer register
into the instruction counter if the accumulator contains a nonzero number. Since the
instruction counter is unable to increase and transfer is inhibited, the TNZ operation

is continuously repeated halting the processor program, When the CST gate is disabled
the next programmed instruction is performed.
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2-222. The use of the CST feature when the PTC is used as a single unit or part of a
system has been described earlier. The following is a list of the latches involved in
the CST operation, presented with a brief description of each:

1. SET CST latch (figure 10-28, sheet 69) — is a primary latch which enables switch
CST (SW CST) and SET CST gates to generate a data display compare (DD COMP) signal. .

2. Address Compare latch (ADR COMP) — forces an address compare to take place
during a CST operation,

3. DD COMP latch - enables CST operation under control of the ADR COMP level,

4, CST latch (figure 10-28, sheet 7) — generates the CST gate which is used through-
out the processor to induce CST operation.

5. CC TWO latch (figure 10-28, sheet 69) — disables CST operation for two cycles
(word times). The CC TWO latch is set by an interrupt.

6. First Compare (FIRST COMP) latch — is set when a like comparison of address
switches and processor address is effected during data display and CST mode of oper-
ation. The latch remains set to force an address compare to take place during a sub-
Sequent CST operation,

7. ACP CST latch — stores the enabling level of the ACN CST line. The latch is
disabled when (1) ACN CST is removed for more than one cycle if an ACG ACTSS is
present, or {2) if ACN CST is removed when ACG ACISS is not present,

8. C STORED latch (figure 10-28, sheet 7) — remembers that a CST operation had
been initiated. This latch is used during interrupt of a CST mode and during manual
operation of the PTC. )

9. ST ADV latch — stores a CST advance signal,

10, MAN CST latch (figure 10-28, sheet 69) — follows the MAN CST SW and removes
the switch bounce effects.

11. SS HOLD INH latch — disables ACP CST latch if the data display mode switch is
in address hold or single-step, If the mode switch is in either of the two positions, the
latch is set by the first CST ADV and remains set for the duration of the switched
position,

12, SS HOLD latch -- is set by the first address compare when the data display
switch is in address hold or single-step and remains set for the duration of the
switched position, The output of this latch is one of the signals which generate a
PTC CST signal for 1/0 usage.

13. C2-Cl11 latch — is used to cover the time when ACGACISS is disabled and
ACN CST is set,

2-223. PROCESSOR INTERRUPTS. (See figure 10-28, sheets 31, 32 and 33.) The
PTC processes 16 interrupt signals, 15 from external equipment and one (INTRPT 16)
from manually activating the interrupt 16 switch on the processor display panel. The
16 interrupts are stored in a 16-bit interrupt register until interrupt processing is
complete. The processor reads the interrupt register with a programmed CIO 115
instruction.
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2-224. The receipt of an interrupt causes the forced selection of a residual memory
sector location (shown on figure 2-38), unless the recognition and subsequent processing ‘
of the interrupts (1 through 15) is inhibited. Automatic or manual inhibit is effected by
setting any of the interrupt inhibit bits in the 15-bit inhibit register. Manual inhibit is
accomplished by activating the inhibit control switch (INH CTRL SW) on the processor
display panel. This places the inhibit register under manual control by setting all bit
positions of the register. Individual inhibit bits are manually inhibited by pressing the
desired inhibit bit switch, thus allowing the processing of only the specified interrupt.
Automatic inhibit is accomplished first by turning off the inhibit switches on the display
panel. The inhibit register can then be loaded by a CIO 000 and accumulator bits 25
through 11 (for inhibit bits 1 through 15) respectively. The inhibits are reset with a
CIO 004 and accumulator bits 25 through 11 for interrupts 1 through 15 respectively.
There is no provision for inhibiting interrupt 16,

2-225. MEMORY LOADER/DATA DISPLAY,

2-226. The Memory Loader/Data Display contains the circuits necessary to perform
the memory load - memory verify and data display functions. (See figure 10-3, sheet3.)
The majority of these circuits are used in both the memory load - memory verify and
data display functions, Consequently although this discussion treats the two functions
separately only one circuit description is included.

DIZ\V:DP?I‘/C Residﬁgf cfi?cation Location Contents Ter%}gating
Interrupt Address (8) ‘
1 400 | Initiate Interrupt No. 1 Subroutine 010
2 401 Initiate Interrupt No, 2 Subroutine 014
3 402 Initiate Interrupt' No. 3 Subroutine - 020
4 403 Initiate Interrupt No. 4 Subroutine 024
5 404 Initiate Interrupt No. 5 Subroutine 030
6 405 Initiate Interrupt No. 6 Subroutine 034
17 406 Initiate Interrupt No. 7 Subroutine 040
8 407 Initiate Interrupt No. 8 Subroutine 044
9 408 Initiate Interrupt No. 9 Subroutine 050
10 409 Initiate Interrupt No. 10 Subroutine 054
11 410 Initiate Interrupt No. 11 Subroutine 060
12 411 Initiate Interrupt No. 12 Subroutine 064
13 412 Initiate Interrupt No. 13 Subroutine 070
14 413 Initiate Interrupt No. 14 Subroutine 074
15 414 Initiate Interrupt No. 15 Subroutine 100
16 417 Initiate Interrupt No, 16 Subroutine © 104

Figure 2-38. Forced Addresses Caused by Interrupts
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2-227, MEMORY LOAD - MEMORY VERIFY,

2-228. The memory load - memory verify function is selected (1) when PTC DC power
is sequenced on or off and (2) under control of the ML/DD pushbutton. The central
processor memory is loaded and/or verified when this function is selected. The con-
tents of the tape reader register and the display registers are displayed by correspond-
ing COMMAND and COMPUTER lamps respectively. These lamps are used in conjunc-
tion with the ERROR lamps for failure analysis. The memory load - memory verify
function is divided into three operations as follows:

1. Tape reader control.
2. Tape reader register loading.
3. Data transfer.

2-229, TAPE READER CONTROL. The tape reader is controlled by the TAPE
READER CONTROL and AUTO/MANUAL pushbuttons. The PWR ON/PWR OFF push-
button turns the tape reader power on or off. Power is also removed from the tape
reader if the tape reader timing circuit malfunctions. The direction of tape flow is
controlled by the FORWARD/REVERSE pushbutton (FORWARD is a clockwise flow and
REVERSE is a counterclockwise flow). The INHIBIT READER CONTROL pushbutton
turns the tape spooler power on or off (this permits manual indexing of the tape). The
tape reader can be operated in the AUTO or MANUAL mode.

2-230. The AUTO mode which is used for reading the tape is selected when the AUTO/
MANUAL pushbutton is in the AUTO position. The tape is read in the FORWARD mode;
the REVERSE mode is used for tape rewind. The tape reader is started by pressing the
START pushbutton and continues to run until the stop pushbutton is pressed, an error

is detected, or the last tape word is read (tape address of 00001). When the last tape
word is read the tape automatically stops and rewinds to the beginning of the first tape
word (tape address of 11111).

2-231. The MANUAL mode which is used for loading the tape on the tape spooler and
for initially positioning the tape is selected when the AUTO/MANUAL pushbutton is in
the MANUAL position. If the leader portion of the tape (sprocket holes only) is under
the tape reader read head, the tape advances to the beginning of the first tape word
when the MANUAL ADVANCE TAPE pushbutton is pressed. When the information por-
tion of the tape is under the tape reader read head the tape advances one word every
time the MANUAL ADVANCE TAPE pushbutton is pressed.

2-232. TAPE READER REGISTER LOADING. The tape reader register can be loaded
with information generated automatically by the tape reader or manually with switches.

2-233. Automatic Tape Reader Register Loading. In the AUTO mode the tape reader
register is loaded with information stored on the memory load and verify tape. This
tape is comprised of eight channels and a sprocket hole (see figure 2-39). A tape word
consists of nine tape characters each of which contains eight bit locations. The value of
each bit will be a '"1" if a hole is punched in the tape and a '0" if the tape is blank.

2-234. Channel 7 (Sequence Channel) always contains a '"0'" in tape characters 1 through
8 and a '"1" in tape character 9. Channel 8 (Parity Channel) contains a ""1" in any tape
character that contains an even number of '"1's" in channels 1 through 7. SYL1 PB

will be a "1'"" if data bit locations SIGN and B1 through B12 contain an even number of .
"1's" and SYLO PB will be a 1" if data bit locations B13 through B25 contain an even
number of '"'1's'"",
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(Parity Chaﬁnel) Channel 8
(Sequence Channel) Akways Channel 7
one

DS1 0a9 {0a3 | B3 [B9 |B15s | B21 | STH | Channers
Ds2 | opl | 0A8 | oAz | B4 [ B10 | B16 | B22 TA‘;‘DR Channel 5
DS3 | op2 | 0A7 |0a1 | Bs |B11 | B17 | B23 | TAADR | channer 4
Sprocket

Holes
DS4 | OP3 | 0A6 | SIGN | B6 [B12 | B18 | B2¢ | TAADR | channel 3
MM1 | op4 | 0A5 | Bl B7 [B13 | B19 | B2s | TAADR | Chamnel 2
0A¢ | B2 B8 |B14 | B20 | ST | TASDR | channer 1
1 2 8 4 5 6 7 8 9 T('?l?:racter

NOTE

The tape address bits (TAADR 1 through
TAADR 5) are used for automatic control
of the tape reader and data transfer con-
trol circuits.

Figure 2-39. Memory Load and Verify Tape Format

2-235. The tape is read one tape character at a time at a rate of 500 characters per
second until a complete tape word is read. The logic value of each bit located in chan-
nels 1 through 6 except SYLO PB and SYL1 PB is stored in a corresponding position of
the tape reader register. Parity and sequence checks are performed on each tape
character and if an error is detected the tape stops. If any other error is detected the
tape stops on tape character 9. When no errors are detected the next word is read.
This process is continued until the complete tape is read.

2-236. Manual Tape Reader Register Loading. In the MANUAL mode the tape reader
register is loaded with information generated by the DATA ADDRESS, DATA, and

TAPE ADDRESS pushbuttons. Pressing a DATA ADDRESS or DATA pushbutton will -
complement the value stored in the corresponding position of the tape reader register.
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These positions of the tape reader register are also cleared when the COMMAND DIS-
PLAY RESET pushbutton is pressed., Pressing a TAPE ADDRESS pushbutton will
complement the value stored in the corresponding position of the tape reader register
providing the ADV CTR/SEL ADR pushbutton is in the SEL ADR position.

2-237. DATA TRANSFER. The data address and data information stored in the tape
reader register is serialized at the central processor timing rate. This information
is then sent to the central processor unless:

1. A serial parity error is detected in the AUTO or MANUAL REPEAT mode.

2. The VERIFY ONLY pushbutton is in the VERIFY ONLY position during a load
operation. '

3. The VERIFY ONLY pushbutton is in the VERIFY ONLY position and the tape address
is 00010. .

4. An error generated during the previous load or verify operation has not been reset,

5. The data information is not transferred during a verify operation or when a data
address compare error occurs. :

2-238. The central processor after receiving the data address information sends this
information back to the memory loader. Correct data address transfer is then sub-
stantiated by comparing the data address information generated by the memory loader
with the data address information received from the central processor. The current
central processor sector, module, OP code, and operand address bit values contained
in the data address information are stored in corresponding display register positions.

2-239. During a load operation (OP code 1011) the data information is sent to the
central processor and loaded into the memory location specified by the sector, syllable,
module, and operand address bit values. During a verify operation (OP code 1111} the
data information contained in the memory location specified by the sector, module, and
operand address bit values is sent to the memory loader. A correct memory load is
verified by comparing the data information generated by the memory loader with the
data information received from the central processor. The current data bit values
contained in the data information are stored in corresponding data display shift register
positions,

2-240. Data transfer occurs in either the AUTO or MANUAL mode. These two modes
of transferring data are discussed in the following paragraphs.

2-241. Automatic Data Transfer., In the AUTO mode data is continuously sent to the
central processor as long as the tape is running forward and an error is not detected.
Since the data transfer is the same for each tape word, only the transfer of information
for one tape word is discussed. Because the tape reader timing rate is much slower
than the central processor timing rate, six central processor cycles (cycle 0 through
cycle 5) are required to complete one load or verify operation. The transfer of infor-
mation occurs while the tape is moving from character nine of the tape word being
transferred to character one of the next tape word.

2-242. The tape reader register is loaded as tape characters one through nine are read
(cycle 0). During B and C times of cycle 1 the serial parity check is performed. Data
address information is sent to the central processor on the DINline during cycles 2 and 3.
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The sector and module bit values are transferred during B time of cycle 2 (DSMSO).
The OP code and operand address bit values are transferred during C time of cycle 2
and A time of cycle 3 (INSSO).

2-243. Data address information is serially transferred from the central processor to
the memory loader on the TRS and HOPTL lines and parallel transferred on the OP1
through OP4 and Al through A9 lines. Sector and module bit values are gated into the
sector-syllable-module buffer register. This data is then parallel transferred to the
sector-syllable-module display register. OP code and operand address bit values are
parallel transferred into the address buffer register and from there parallel transferred
to the instruction display register.

2-244. Correct data address transfer to the central processor is substantiated during
cycles 2 and 3 by performing two compares. Sector and module bit values appearing on
the DSMSO line are compared with corresponding bit values appearing on (1) the TRS
line during C time of cycle 2 and (2) the HOPTL line during C time of cycle 3. OP code
and operand address bit values stored in the tape reader register are compared with
corresponding bit values received from the central processor on the OP1 through OP4
and Al through A9 lines. Several other compares are performed to substantiate the
correct internal transfer of data between the buffer and display registers.

2-245. Data information is sent tothe central processor on the DIN line during a load
operation (DTSO). Data bit values 12 through 25 are transferred during B time of cycle
3 and data bit values SIGN and 1 through 11 are transferred during C time of cycle 3.
During a verify operation data information is received from the central processor on
the TRS and AI3 lines. TRS data is stored in the data display shift register if a TRS
compare error occurs; AI3 data is stored in the data display shift register if an AI3
compare error occurs.

2-246. A correct memory load is verified by performing three compares during cycles
3, 4, and5. The data bit values appearing on the DTSO line are delayed two bit times
(2BDDTSO) and compared with the data bit values appearing on the TRS line during B and
C times of cycle 3 and A time of cycle 4. The data bit values appearing on the DIN line
are also compared with the data bit values appearing on the AI3 line during B and Ctimes
of cycle 4 and A time of cycle 5. The tape reader register data syllable 0 and syllable 1
parity bit values are compared with the parity bit values generated by the central proc-
essor memory circuits.

2-247. Manual Data Transfer. In the manual mode data transfer is controlled by the
REPEAT/REPEAT and ADDRESS COMPUTER pushbuttons. When the REPEAT/REPEAT
pushbutton is in the REPEAT position data transfer is accomplished every time the
ADDRESS COMPUTER pushbutton is pressed. When a load operation is selected the

data information is loaded into the central processor memory and then the memory load
is automatically verified.

2-248, When the REPEAT/REPEAT pushbutton is in the REPEAT position data transfer
is accomplished continuously. Load and verify operations are alternately performed as
long as the REPEAT mode is maintained.

2-249. The timing for the transfer of data address and data information between the
memory loader and the central processor is the same as in the AUTO mode. The com-
pares performed are also the same as in the AUTO mode. The contents of the display
registers are cleared when the COMPTR DISPLAY RESET pushbutton is pressed.
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2-250. DATA DISPLAY.

2-251. The data display function is selected in the MANUAL mode under control of the
ML/DD pushbutton. When this function is selected central processor data associated
with a data address or instruction address can be monitored. The data display function
is divided into two operations as follows:

1. Data selection.

2. Data storage.

2-252. DATA SELECTION. The data selection operation is initiated as follows:-
1. When the central processor is placed in the single step mode of operation.

2. Each time the program is advanced one instruction during the single step mode of
operation.

3. When an address compare occurs.

2-253. The single step and advance features are discussed under the central processor.
An address compare occurs when an instruction or data address manually selected with
switches corresponds with the central processor memory address selected.

2-254. Address Compare. Information generated by the INSTRUCTION ADDRESS or
DATA ADDRESS pushbuttons is loaded into the tape reader register. The instruction
address and data address positions of the tape reader register are displayed by corre-
sponding COMMAND lamps. These positions are cleared when the COMMAND DISPLAY
RESET pushbutton is actuated. Pressing an INSTRUCTION ADDRESS or DATA AD-
DRESS pushbutton complements the value stored in the corresponding position of the
tape reader register.

2-255. The data address and instruction address bit values stored in the tape reader
register are then compared with the current central processor data address or instruc-
tion address bit values. An address compare occurs on an instruction address when the
ADDRESS COMPARE pushbutton is in the INS position. When this pushbutton is in the
DATA position an address compare occurs on the data address.

2-256. An address compare occurs everytime the tape reader register and central
processor address bit values correspond when the MODE CONTROL switch is in the
DISPLAY-REPEAT position. When this switch is in the DISPLAY SINGLE position an
address compare occurs the first time the tape reader register and central processor
address bit values correspond after the COMPTR DISPLAY RESET pushbutton is
actuated.

2-257. DATA STORAGE. Current central processor sector, syllable, and module bit
values appearing on the TRS or HOPTL lines are gated into the sector-syllable-module
buffer register (SSMBR). TRS information is gated into the SSMBR for a HOP instruc-
tion. HOPTL information is gated into the SSMBR for any other instruction. When the
data selection operation is initated the contents of the SSMBR are then parallel trans-
ferred into the sector-syllable-module display register,
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2-258., Current central processor OP code and address bit values appearing on the

OP1 through OP4 and Al through A9 lines are parallel transferred into the address

shift register. The address bit values (Al through A8) are transferred at A-11 time;

the OP code (OP1 through OP4) and operand address (OA1l through OA9) bit values are
transferred at B-12 time. The address bit values and the OP code and operand address
bit values are then parallel transferred into the instruction address display and instruc- .
tion display registers respectively when the data selection operation is initiated.

2-259. The initiation of the data selection operation also serially gates TRS or AI3 in-
formation selected by the DISPLAY SELECT switch into the data display shift register.
AI3-IA information appears in positions 1 through 8. All other information appears in
positions SIGN and 1 through 25.

2-260. The contents of the display registers are displayed by the corresponding COM-
PUTER lamps. When the LVDCME forces the PTC into the single step mode of opera-
tion the display registers are cleared. This ensures that the data display is blanket
until the program is advanced. The display registers are alsocleared whenthe COMPTR
DISPLAY RESET pushbutton is actuated.

2-261. MEMORY LOADER/DATA DISPLAY CIRCUIT DESCRIPTIONS,

2-262, TAPE READER TIMING AND CONTROL CIRCUITS., The tape reader timing
and control circuits provide the necessary signals to control the tape reader and to load
information into the tape reader register. The breakdown of the tape reader timing and
control circuits is shown on figure 2-40,

2-263. Tape Reader Start, Stop Control Logic. Automatic and manual control of the
tape reader is accomplished by the tape reader start, stop control logic (see figure
10-28, sheets 49 and 50). The tape is transported in the reverse direction when the
DRIVE LEFT signal is a 0" and in the forward direction when the DRIVE RIGHT signal
is a 0", When both DRIVE LEFT and DRIVE RIGHT signals are ''1's" the tape is
stopped.

2-264. DRIVE LEFT and DRIVE RIGHT are two outputs of the run tratch, The three
states of this tratch are as follows:

State RUN DRIVE LEFT DRIVE RIGHT
1 o "'1" 1nyn
2 ryn no rqn
3 g nyn nQr

The run tratch is forced to its first state by any one of the following: a STOP signal; a
sequence error (SEQ ERR 2 RST INH) while the tape reader is in the FORWARD AUTO
mode; or a tape reader clock pulse error (TRCP ERR). The run tratch is forced to its
second and third states by R and F START signals respectively. When the PTC is in the
SELF CHECK mode and the FREE RUN READER pushbuttonisinthe FREE RUN READER
position the run tratch logic is bypassed. DRIVE RIGHT is now forced to a '0" if the
FORWARD mode is selected.

2-265. The STOP signal is the set output of a latch (stop latch) which is set as follows:

1. By pressing the STOP pushbutton,
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‘ 2. By a tape address of 11111 when the tape reader is in the AUTO REVERSE mode,

3. By an EOP signal which is generated by a tape address of 00001 when the tape
reader is in the AUTO FORWARD mode or by a FREE RUN SS signal.

4, By the first sequence bit sensed when the tape reader is in the MANUAL mode and
the SKIP FIRST latch is reset.

5. ‘By an error stop reader signal (ERR NOT INV) when the tape reader is in the AUTO
FORWARD mode and a sequence bit is sensed (SAM ERRS).

The stop latch is reset by an error reset signal or at TRCP4 time. When the direction
of tape flow is changed, the SKIP FIRST latch is set by the first and reset by the second
sequence bit sensed. This insures that the tape will advance one word before the stop

latch is set. The error stop reader signal is normally generated by a parity, tape, or
compare error.

2-266. The R START signal is generated as follows:

1. By pressing the MANUAL ADVANCE TAPE pushbutton when the tape reader is in
the MANUAL REVERSE mode.

2. By pressing the START pushbutton when the AUTO REVERSE, and ML modes are
selected and KWAIN NOT A is a "1",

3. By an automatic reverse start signal (AUTO R START) generated by an EOP.

NOTE: DATA FLOW IS FOR THE AUTO MODE ONLY.

. TRACK 1 TRCHIA
. TRACK 2 ‘ TRCH2A
- TAPE DRIVE LEFT TRACK 3 TRCH3A
READER TRACK 4 TAPE TRCH4A
START TAPE TRACK 5 | READER RCH5A
STOP READER READ OUT
CONTROL TRACK 6 CONTROL TRCH6A
LoGIC DRIVE RIGHT TRACK 7 LOGIC SEQ BIT
TRACK 8 TAP B
FEED TRACK
TRCBI
TRCB2
TAPE TRCB3
stQ READER
AND CLOCK TAPE TRCB4
TAPE GEN AND |TRCPY READER TRCBS
PARITY CHARACTER
ERROR TRCB6
ERROR DETECTOR BIT GEN
DETECTORS TRCP4 TRCB7
TRCBS
TRCB9

Figure 2-40. Tape Reader Timing and Control Circuits
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The F START signal is generated as follows:

1. By pressing the MANUAL ADVANCE TAPE pushbutton when the tape reader is in
the MANUAL FORWARD mode.

2. By pressing the START pushbutton when the AUTO FORWARD, and ML modes are
selected KWAIN NOT A IS a 1", and the error latches are all reset.

When the tape reader is in the FREE RUN SS mode the R and F START levels areforced
to "0's",

2-267, A KWAIN signal is generated (KWAIN NOT A IS A "0") as follows:

1. During the time prior to the sensing of the first sequence bit when PTC power is
turned on.

2. During the time prior to the sensing of the first sequence bit after a sequence error
2 is generated.

3. If the control latches in the tape reader character bit generator stabilize in the
wrong configuration when the tape reader stops.

2-268., Tape Reader Clock Generator, The tape reader clock generator generates four

timing pulses ZTRCPI, TRCP2, TRCP3, and TRCP4) which are used throughout the tape
reader control circuitry. (See figure 10-28, sheet 46.) The tape reader clock generator
is triggered as follows:

[
1. By the tape sprocket holes, when the tape reader is running. (See figure 2-41 for
timing. )

2. By pressing any one of the INSTRUCTION ADDRESS, DATA ADDRESS, DATA, or
TAPE ADDRESS pushbuttons when the tape reader is stopped and in the MANUAL mode,

3. By a 500 CPS multivibrator oscillator when the PTC is in the SELF CHECK and
FREE RUN SS modes.

2-269. Tape Reader Clock Pulse Error Detector. Tape reader, clock pulse errors
are stored in a latch which provides outputs TRCP ERR and TRCP ERR NOT (see figure
10-28, sheet 46.) A tape reader clock pulse error is generated as follows:

1. If a missing tape reader clock pulse is detected.
2, If an overlap occurs between adjacent tape reader clock pulses.

3. When an INSTRUCTION ADDRESS SECTOR IS1 through IS4 pushbutton is pressed
and the tape reader is in the FREE RUN SS mode.

4, If the delay between tape reader clock pulse '"1's" exceeds 30 MS when the tape
reader is in the AUTO mode and running.

5. For the duration of the time an INSTRUCTION ADDRESS, DATA ADDRESS, DATA,
or TAPE ADDRESS pushbutton is pressed when the tape reader is stopped in the
MANUAL mode, and the PTC is not in the FREE RUN SS mode.
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Figure 2-41., Tape Reader Clock Pulse Timing

2-270, Tape Reader Character Bit Generator. The tape reader character bit gener-
ator generates nine bits (TRCBI1 through TRCB9). (See figure 10-28, sheet 47.) These
nine bits identify a specific tape character of a tape reader word. The tape reader
character bits are generated automatically or manually with switches.

2-271. Automatic generation of the tape reader character bits occurs when the tape
reader is in the AUTO FORWARD mode, or the PTC is in the FREE RUN SS mode., The
configuration of 11 control latches determines the tape reader character bit timing.

(See figure 2-42,) The outputs of these control latches are applied to AND circuits to
product the tape reader character bits, Automatic generation of TRCB9 is alos accom-
plished whenever a sequence bit is sensed and the tape reader is not in either the FREE
RUN SS, or the AUTO FORWARD mode.

2-272, Tape reader character bits are generated manually by the DATA ADDRESS,
DATA, or TAPE ADDRESS pushbuttons when the tape reader is stopped and in the
MANUAL mode. The tape reader character bit affected will correspond to the tape
character containing the information that the pushbutton is simulating, Each latch is
set for the duration of the time that one of the group of pushbuttons feeding it is pressed,
TRCB9 is forced to a ""0" when the ADV CTR/SEL ADR pushbutton is in the ADV CTR
position,

2-273. Tape Reader Read Out Control Logic, The tape reader read out control logic
converts inputs from the tape reader, or from switches to eight output signals (TRCH1A
through TRCH6A, SEQ BIT, and TAP B). (See figure 10-28, sheet 48.)

2-274. In the AUTO mode, tape reader information is sent to the tape reader read out
control logic on eight lines (TRACK 1 through TRACK 8), These lines correspond to the
eight tape channels. The inverses of TRACK 1 through TRACK 6 are sampled at TRCP1
time to determine the logic values of TRCH1A through TRCH6A, respectively. The
inverses of TRACK 7 and TRACK 8 respectively determine the logic values of SEQ BIT
and TAP B, The SEQ BIT and TAP B signals are forced to '"0's" when the tape reader
is not running,

2-275. In the MANUAL mode, pressing a DATA ADDRESS, DATA, or TAPE ADDRESS
pushbutton will set one of six latches (LACH 1 through LACH 6) which correspond to
tape channels 1 through 6. The set outputs of these latches are ANDed with the outputs
of a control latch (MANCH latch) to determine the logic values of TRCH1A through
TRCH6A. The MANCH latch is set when the tape reader register position that corre-
sponds to the pushbutton pressed contains a '0",
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Figure 2-42, Tape Reader Character Bit Generator Timing

2-276. Sequence Error Detectors. Two sequence errors (SE1 and SE2) are generated
if an error occurs when the tape reader is running forward. (See figure 10-28, sheet
49.) SE1 and SE2 are the set outputs of two latches which are set by SEQ BIT and
TRCB9 NOT or SEQ BIT NOT and TRCB9Y signals.

2-277. Tape Parity Error Detector. The tape parity error detector performs an odd
parity check on each tape character when the tape reader is in the AUTO mode and
running forward, (See figure 10-28, sheet 48.) A tape parity error is generated if an
even number of ''1" bits are detected Tape parity errors are stored in a latch which
produces an output TPE ERR NOT.

2-278, MODE SELECTION CIRCUITS. The mode selection circuits generate eight
signals (AUTO, MAN A, DD A, DD NOT A, ML A, ML NOT A, FWD A, and RVS A)
which control the mode of operation of the Memory Loader/Data Display and tape
reader, (See figure 10-28, sheet 49 and 50.) The configuration of these signals can only
be changed when the tape reader is stopped.

2-279, Auto and MAN A are the outputs of a latch, which is alternately set or reset

when the AUTO/MANUAL pushbutton is actuated. DD A and ML A are the outputs of

another latch which is alternately set or reset when the ML/DD pushbutton is pressed

and the MANUAL mode is selected. When the AUTO mode is selected DD A is forced to
a "0"., The ML mode is forced when PTC DC power is sequenced on or off,
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2-280. FWD A and RVS A are the outputs of binary counter which is complemented
everytime the FORWARD/REVERSE pushbutton is actuated. The FORWARD mode is
forced until the first sequence bit is sensed after PTC power is sequenced on, The
REVERSE mode is forced when an AUTO R START signal is generated,

2-281, TAPE READER REGISTER. The tape reader register is a 63 position latch
register that stores input information to the Memory Loader/Data Display. (See figure
10-28, sheets 51 through 58.) The contents of the tape reader register are displayed by
corresponding COMMAND display and TAPE ADDRESS indicator lamps. The tape
reader register is cleared except for the tape address positions by pressing the
COMMAND DISPLAY RESET pushbutton,

2-282. Tape information or information generated by the DATA ADDRESS, DATA or
TAPE ADDRESS pushbuttons is stored in 49 positions of the tape reader register. A
specific bit of information is identified by sampling the tape reader channel containing
this bit at the corresponding tape reader character bit time. The logic value of this bit
is then stored in a latch. Additional control of the latch which stores the logic value of
the OP3 bit is provided by two signals (STROP3 and RTOP3). This latch is set by a
STROP3 signal and reset by a RTOP3 signal.

2-283. The remaining 14 positions of the tape reader register are used to store the
instruction address information. The logic value of two control signals (LAST A and
LARE A) determine whether a "1'" or "0" is stored in these positions. The latchassigned
to the INSTRUCTION ADDRESS pushbutton pressed will set if LAST A is a ""1" and reset
if LARE A is a "1", LAST A and LARE A are respectively identical to the set and re-
set outputs or a latch (LACH 7) when the tape reader is in the MANUAL mode. This
latch is set when the tape reader register position that corresponds to the pushbutton
pressed contains a '"0",

2-284, TAPE READER REGISTER PARITY DETECTOR. The tape reader register
parity detector generates a parity bit (SERIALIZER PARITY BIT) when the data address,
instruction address, and data stored in the tape reader register contains an even number
of "1's", (See figure 10-28, sheet 60,) Figure 2-43 shows the tape reader register
parity detector which consists of four binary counters and a parity bit generator.

2-285. The configuration of the four binary counters (identified as "A", "B", '"C", and
"D" for this discussion) is determined by the number of ''1's" contained in the informa-
tion feeding them. In the AUTO mode the configuration of "B" is not changed. "A"
which is set at the beginning of each tape word is complemented at tape reader character
bit times 1, 2, 3, and 4 if the part of the data address located in these tape characters
contain an odd number of '"1's". "C'" and "D'" are respectively set by the presence or
cleared by the absence of tape SYL 0 and SYL 1 parity bits,

2-286. In the MANUAL mode the binary counters are initially set when the COMMAND
DISPLAY RESET pushbutton is pressed. Each counter is then complemented everytime
one of the group of pushbuttons feeding it is pressed. '"A' is also complemented every-
time a CHANGE TROPS3 signal is generated. o

2-287. The outputs of the four binary counters are applied to a parity bit generator
which produces outputs SER PB and SER PB NOT. SER PB and SER PB NOT are forced
to a."1" and a ""0" respectively when none, two or four of the binary counters are set.
Any other condition will force SER PB and SER PB NOT respectively to a ''0" and a "'1"",

2-288. TAPE READER SERIALIZER. The tape reader serializer receives parallel
information from the tape reader register and transforms this information into serial
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data on three lines. (See figure 10-28, sheet 59.) Data sector and module information
appears on the DSMSO line, instruction information appears on the INSSO line, and data
informations appears on the DTSO line.

2-289. The tape reader register data is gated through the serializer by bit gates.
Figure 2-44 shows the order in which bits are transferred on the three serializer out-
put lines.

2-290, The serializer alos provides two additional output lines (2BDDTSO and 2BDDTSO
NOT). These signals are the outputs of a three-state shift reglster which is fed by
DTSO and DTSO NOT.

2-291, SERIAL PARITY ERROR DETECTOR. A serial parity error is generated if the

number of "1's" contained in the information appearing on the serializer outputs differs
from the number of '"1's" contained in the information feeding the tape reader register,
(See figure 10-28, sheet 61.) Figure 2-45 is a block diagram of the serial parity error
detector,

DATA ADDRESS __| —— TRDA PB
TAPE INPUTS
DATA ADDRESS | COuRTeR
PUSHBUTTON INPUTS A
TROA PB
CHANGE TROP3 — TRDA P8
TRIA PB e
INSTRUCTION ADDRESS __| 2DVRY -
PUSHBUTTON INPUTS :
TRIA PB
PARITY
o | BT
TAPE SYLO PARITY BIT — TR SYLO GENERATOR
BINARY
COUNTRR
C L ———————————
DATA SYLO ] TRSYLO 7B [—
PUSHBUTTON INPUTS
TAPE SYL1 PARITY BIT — TRSYLIPB
BINARY
COUNTER
D
DATA SYL1 TR SYL1 PB
PUSHBUTTON INPUTS ]

Figure 2-43. Tape Reader Register Parity Detector
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2-292. Two binary counters (identified as A" and "B" for this discussion) are used to

count the number of "'1's"" appearing on the serializer outputs. These counters, which ‘
are cleared at 10 time of the preceding cycle 2 time are complemented every bit time

whenever their inputs are ''1's'". Thus at A-6 time of cycle 2 both counters are set

when an even number of '"1's" appear on the serializer outputs except for two conditions:

1. A tape address of 00101 will cause ""A" to be cleared.
2. A TRIA PB NOT will cause "B" to be cleared.

2-293. The outputs of the binary counters are compared and two signals (identified as
Y and Y NOT for this discussion) which should correspond to SER PB and SER PB NOT
are generated., These signals are applied to an exclusive OR comparator and if they do
not correspond at A-6 time of cycle 2 a latch is set indicating a serial parity error.

2-294, DATA TRANSFER CONTROL. The data transfer control circuits control the
flow of information between the memory loader and the central processor. The data

transfer control circuits consists of the cycle generator, the DIN control circuit, and
the manual mode control circuits. (See figure 10-28, sheet 61.)

2-295. Cycle Generator. The cycle generator provides additional timing gates for the
memory load and memory verification operations, Figure 2-46 shows the cycle gener-
ator which consists of a three-stage shift register, a shift control circuit, and a de-
coding matrix,

2-296. The shift control circuit provides two shift control gates (ODD and EVEN) that

occur during alternate A times. Another output from the shift control circuit (STCYC)

permits the shift register to step. The shift register provides outputs C1, C1 NOT, C2, ‘
C2 NOT, C3, and C3 NOT. These outputs are applied to a matrix which produces the

cycle gates as follows:

CYCl1l = C1 and C2 NOT

cycC2

C2 and C3 NOT
CYC3 = ClandC3

CYC4 C1 NOT and C2

CYC5 = C2 NOT and C3
CYCO = C1 NOT and C3 NOT

2-297, In the AUTO mode the cycle generator is started (if the error latches are all
reset and a transfer inhibit signal is not generated) by the first ODD gate after a sequence
bit is read by the tape reader. The cycle generator stops automatically after the last
cycle gate (CYCO) is generated. CYCO is maintained until the next sequence bit is read
from the tape.

2-298, In the MANUAL mode the cycle generator is started by the SRPT NOT signal,

When the memory loader is in the REPEAT mode the cycle generator continues to

operate as long as this mode is maintained, When the memory loader is in REPEAT,

the cycle generator operates for a total of 12 cycles, The first six cycles are started

by SPRT and the next cycles are started by STROP3, which is generated to enable auto-

matic verification of manually loaded data. ‘
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2-299, DIN Control Circuit., The DIN control circuit organizes information appearing
on the three serializer outputs and sends this information to the central processor on ‘
the DIN line, DSMSO information appears on the DIN line during B time of cycle 2.

INSSO and DTSSO information appears on the DIN line when the TATC and TDTTC gates

respectively are '"1's'. When the memory loader is in the REPEAT mode a serial

parity error forces the DIN line to a "0",

2-300, The TATC gate is the output of a latch which is set from C-8 time of cycle 2 to
A-8 time of cycle 3. The TDTTC gate is the output of a latch which is set from B-1
time cycle 3 to A-1 time cycle 4 except as follows:

1, When a verify command is generated (TROP3 NOT is a ''0").

2. When a serial data compare error occurs (CETRS NOT is a "0") in the REPEAT
mode.

2-301, Manual Mode Control Circuits. The manual mode control circuits generate
seven signals (DTRPT, DTRPT NOT, SRPT NOT, CHANGE TROP3, STROP3, and
RTOP3), These signals control the memory load and verification operations when the
memory loader is in the MANUAL mode. :

2-302, DTRPT and DTRPT NOT are the outputs of a binary counter which is comple-
mented every time the REPEAT/REPEAT pushbutton is pressed, SRPT NOT is the re-
set output of a latch which is set in the REPEAT mode from C-10 time of cycle 0 to A-2
time of cycle 1 every time the ADDRESS COMPTR pushbutton is pressed if the error
latches are all reset.

2-303. CHANGE TROP3, STROP3, and RTROP3 are the outputs of a tratch., The three
configurations of this tratch are as follows:

Configuration CHANGE TROP3 STROP3 RTROP3
1 no 1o ngn
2 V'l'l ”1" "0"
3 nqn "o rnqn

The first configuration is forced every 12 time. The tratch is forced to its second con-
figuration at A-11 time of cycle 5 when the tape reader register contains a store com-
mand. The third configuration is forced only in the REPEAT mode at A-10 time of
cycle 5 when the tape reader register contains a clear and add command.

2-304, TRANSFER CONTROL CIRCUIT. (See figure 10-28, sheet 49.) The transfer
control circuit controls the transfer of information to the central processor, A transfer
inhibit signal is generated (TRANS INH NOT is forced to a "0") as follows:

1. For the duration of tape reader character bit 9 when the verify only latch is set and
the tape reader register does not contain a clear and add command.

2. By a tape address of 00010 when the verify only latch is set,
3. When the skip first latch is set.

4., Whenever the tape reader is not in the FORWARD AUTO mode.

The verify only latch is alternately set or reset when the VERIFY ONLY pushbutton is '
actuated.
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2-305. ERROR TEST AND ERROR RESET CIRCUITS,

2-306. The error test and error reset circuits (See figure 10-28, sheets 48 and 49.)
generate four signals (ERR TEST and ERR RST and their inverses). The parity, tape,
and compare error latches are all set when ERR TEST is a '"1'" and are all reset when
ERR RST is a "1",

2-307. ERR TEST and ERR TEST NOT are the outputs of a latch which is set when the
ERROR DEVICES TEST pushbutton is pressed and the tape reader is stopped. ERR
RST and ERR RST NOT are forced to a "1 and a ""0" respectively as follows: -

1. When the ERROR RESET pushbutton on MEMORY LOAD AND DATA DISPLAY panel
is pressed and the tape reader is stopped.

2. At tape reader clock pulse 2 time in the invert error mode by a tape address of
00100,

2-308. SECTOR-SYLLABLE-MODULE BUFFER REGISTER. (See figure 10-28, sheet
64.) The sector-syllable-module buffer register (SSMBR) is an 11 position latch regis-
ter that receives information on the NTRS or NHOPC1 lines. The contents of the
SSMBR appear on 11 parallel outputs as shown on figure 2-47,

2-309, The SSMBR is loaded with information appearing on the NTRS line during a
central processor HOP instruction or NHOPCI1 line during any other instruction. The
SSMBR is loaded from B-6 time to the following A-1 time, In the ML mode the SSMBR
cannot be loaded when a CESSMBR or CESSMSC exists, or after B-9 time of cycle 4.

2-310, Instruction sector and syllable information is subsequently gated into the SSMBR
from B-6 time through B-10 time. Data module and data sector information is subse-
quently gated into the SSMBR at C-7, 10, 11, 12, and 13 times, Instruction module in-
formation is gated in the SSMBR at A-1 time.

2-311, The SSMBR is cleared as follows:
1. Every B-3 time unless a CESSMSC or CESSMBR exists,
2. By a CD RST signal.

2-312. SECTOR-SYLLABLE-MODULE DISPLAY REGISTER. (See figure 10-28, sheet
64.) The sector-syllable-module display register (SSMDR) is an 11 position latch
register that is loaded with information from the SSMBR. The contents of the SSMDR
are displayed by corresponding COMPUTER display indicator lamps.

2-313. The SSMDR latches are all initially reset at B-1 time when an ADR COMP sig-
nal is generated. The SSMDR latches are then set when the corresponding SSMBR
latches are set, at B-2 time by an ADR COMP signal,

2-314, ADDRESS BUFFER REGISTER. (See figure 10-28, sheet 65.) The address
buffer register (ADRBR) is a 13 position latch register that receives parallel informa-
tion on the NOP1 through NOP4 and NA1 through NA9 lines. The contents of the ADRBR
appear on 13 parallel outputs, The instruction address is loaded into the ADRBR at
A-11 time; the OP code and operand address are loaded into the ADRBR at B-12 time,
The ADRBR cannot be loaded when the central processor is in single step or when a

CD RST signal is generated, ' 4

v-2-87



NTRS OR NHOPC1 ——o—¥
. ‘ & SSMBR IS1
B-6 TIME
!
& SSMBR 152
B-7 TIME
_ + SSMBR 1S3
B-8 TIME
T—‘ ———» SSMBR 154
B-9 TIME
bt
————— SSMBR SYL1
B-10 TIME
————— SSMBR DMI1
C-7 TIME
*—>
: ————& SSMBR DSI1
C-10 TIME
o>
————» SSMBR DS2
C-11 TIME
: T_’ ————— SSMBR DS3
C-12 TIME
T—. |————» SSMBR DS4
C-13 TIME
_... N
———— SSMBR IM1
A-1 TIME ——»|

Figure 2-47. Sector-Syllable-Module Shift Register
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2-315. INSTRUCTION ADDRESS DISPLAY REGISTER. (See figure 10-28, sheet 67.)
The instruction address display register (IADR) is an eight position latch register that
is loaded with the instruction address from the ADRBR. The contents of the IADR are
displayed by the corresponding COMPUTER lamps.

2-316. The IADR latches which are all initially reset at B-1 time by an ADR COMP
signal, are then set at B-2 time when the corresponding ADRBR latches are set. The
IADR cannot be loaded during cycle 4 time in the ML mode and is cleared by a CD RST
signal,

2-317, INSTRUCTION DISPLAY REGISTER. (See figure 10-28, sheet 67.) The in-
struction display register (INSDR) is a 13 position latch register that is loaded with the
OP code and operand address from the ADRBR. The contents of the INSDR are dis-
played by the corresponding COMPUTER lamps.

2-318, The INSDR latches which are all initially reset at B-13 time by an ADR COMP
signal are then set at B-14 time when the corresponding ADRBR latches are set, The
INSDR like the IADR cannot be loaded during cycle 4 time in the ML mode and is
cleared by a CD RST signal.

2-319. DATA DISPLAY SHIFT REGISTER. (See figure 10-28, sheet 68.) The data
display shift register (DTDR) receives serial information on the NTRS and NAI3 lines,
Information stored in the DTDR appears on 26 parallel outputs which are displayed by
the corresponding COMPUTER lamps.

2-320. Data is loaded into the DTDR when shift clock pulses (DTDR CP1, 2, 3, and 4)
are generated. The DTDR is then cleared by a CD RST signal. Figure 2-48 is a block
diagram of the DTDR which consists of 35 latches connected in series.

2-321. In the ML mode NTRS or NAI3 data is gated into the DTDR by CTRS and CAI3
signals respectively. Whenever an error occurs new data cannot be entered into the
DTDR until the error is reset.

2-322. 1In the DD mode NTRS or NAI3 information selected by the MODE CONTROL
switch is gated into the DTDR when an ADR COMPARE signal is generated. AI3-IA
information is shifted into positions SIGN and 1 through 7 from A-3 time to A-10 time.
AI3-DATA and TRS data information is shifted in positions SIGN and 1 through 25 from
B-5 time to the following A-2 time.

2-323. PARITY BIT INDICATORS. (See figure 10-28, sheet 69.) The parity bit indi-
cator circuits generate three signals (INS BR PB, SYLO BR, and SYL1 BR) that indicate
the value of the central processor instruction word and data word parity bits. The INS
BR PB signal indicates the value of the instruction word parity bit. The SYLO BR and
SYL1 BR signals indicate the value of the data word parity bits when the MODE control
switch is in the TRS position,

2-324, INS BR PB, SYLO BR, and SYL1 BR are the outputs of three latches which are
set by corresponding central processor parity bits as follows:

1, In the ML mode at A-5 time of cycle 4,

2. In the DD mode at the A-5 time following the generation of the ADR COMP signal.
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The INS BR PB, SYLO BR, and SYL1 BR latches are reset as follows:

1, In the ML mode at A-4 time 6f cycle 4.

2. In the DD mode at the A-4 time following the generation of the ADR COMP signal,
3. By a CD reset signal,

2-325. The presence of instruction word and data word parity bits are detected and

stored in three latches. These latches control the setting of the INS BR PB, SYLO BR,
and SYL1 BR latches and are set by an MBR 14 signal as follows:

Control Latch Set Duration
INS BR PB A-12 time to the following A-11 time,
SYLO BR C-4 time to the following A-3 time during a central

processor store cycle.

B-4 time to the following A-3 time during a central
processor read cycle,

SYL1 BR A-4 time to the following A-3 time during a central
processor store cycle.

C-4 time to the following A-3 time during a central
processor read cycle.

2-326, INPUT/OUTPUT PROCESSOR.

2-327. The Input/Output Processor contains the circ-uits necessary to control the trans-
fer of information into or out of the Central Processor. The Input/Output Processor
contains control logic for the following:

1, Printer

2. Typewriter

3. Digital Data Plotter

4, Input Serializer

5. Discrete Output and Display Register

6. Program Control Mode Display Register

2-328. PRINTER LOGIC.

2-329. The printer control logic (figure 2-49) consists of: (1) a 26-bit parallel regis-

ter; (2) a BCD and octal decoder; (3) a 12-state counter; (4) an asynchronous timer;
(5) program control logic; and (6) an odd parity generator.
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Figure 2-48, Data Display Shift Register

2-330, TWENTY-SIX BIT PARALLEL REGISTER. (See figure 10-28, sheet 42,) The
26-bit register provides storage for one complete processor data word. Data bits
SIGN and 1 through 5 are gated into the register with a print-store or carriage gate
(PRS + CARR GATE) at A-1-Z time. The gate is developed when either the print-store
774 NOT (PRS 774 NOT) latch or carriage control (CARR CTRL) latch is set. The PRS
774 NOT latch is set when any print-store instruction except 774 is programmed. This
indicates that data line transfers to the printer are allowable, The CARR CTRL latch
is set when a CIO 160 is programmed. This commands a control carriage skip opera-
tion in the printer. The number of skips is dictated by a decode of the first six data
bits. Data bits SIGN and 1 through 25 are gated into the 26-bit register at A-1-Z time
by means of a print-store gate (PRS GATE). The PRS GATE is developed when PRS
774 NOT latch is set. The 26-bit register is reset with a machine reset (MACH RST) or
a printer reset (PRINT RST). The MACH RST level clears the 26-bit register when
PTC power is cycled on or when the machine reset pushbutton on the PTC is pressed.
The PRINT RST level causes the clearing of the 26-bit register and it occurs: (1) when
the buffer register within the printer is loaded with 4, BCD characters; (2) when the
buffer register within the printer is loaded with 12 octal characters; (3) when the buffer
register within the printer is loaded with a carriage control instruction; or (4) when the
processor is released for the following operation as dictated by the PROCESSOR RE-
LEASE level fed back to the processor from the printer., The clearing of the 26-bit
register initializes the register for the next instruction word.
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2-331. DECODER. The data word is decoded and furnished to the printer parallel-by-
bit (either 3 or 6 bits per character) and serial-by-character on seven data lines (figure
10-28, sheets 43 and 44) designated DATA 1, DATA 2, DATA 4, DATA 8, DATA A, and
DATA B. (See figure 2-50 for printer character coding.) Another line furnished is
DATA C which is an assigned parity bit (odd) for each character group transmitted,
Data is transferred in 26-bit word groups in either octal (OCTAL) or binary coded deci- -
mal (BCD) modeés. In the OCTAL mode, the 26-bit data word is serialized into eight
3-bit characters and one 2-bit character. Each character is transferred with its parity
bit to the printer. After each 9 character data word is transferred an automatic three
character spacing is instituted by holding all data lines to zero during counts 10, 11

and 12 of the 12-state counter, while providing a parity bit. The 12 character transfers
are itemized by the 12-state counter and are completed within two instruction times.

In the BCD mode, the 26-bit data word is divided into four 6-bit characters. Each
character is transferred to the printer under regulation of the 12-state counter, The
four character transfers require less than one instruction time,

2-332, TWELVE-STATE COUNTER. The 12-state counter (figure 10-28, sheet 45)
which controls sorting bits into BCD and octal characters is controlled by 4 triggers
which are aligned into a four position counter. The counter starts to cycle when the
processors asynchronous timer reaches 015-030 time and adds a count each succeeding

time the asynchronous timer goes to 015-030 time, The counts of the 4 triggers are e

decoded into twelve decimal counts (DEC 1 through DEC 12) thereby forming the 12-
state counter., The triggers are reset, rendering a zero count by means of a machine
reset or a control reset (CNT RST). The machine reset is explained in a previous
paragraph and the CNT RST is developed the same as the PRINT RST in the 26-bit reg-
ister, This also is explained in a previous paragraph,

2-333. ASYNCHRONOUS TIMER, The asynchronous timer is a delay type network
which produces four sequential gates (015-030, 060-090, 090-000, and 105-000) occuring
within 13 USEC, but not less than 11,1 USEC, Each cycle of the timing generator
institutes a character transfer from the processor to the printer while also controlling
functions within the printer.

2-334, The timing generator is started when either the printer is set to print in char-
acter position 1 (PRINT CHAR POS 1) due to PARITY CHECK level (indicating parity
error in printers previous line of print) received from the printer or during a print in-
struction. In both cases the printer buffer must be initialized to receive data and no
inhibit must be present to prevent starting the timing generator. The timing generator
is inhibited: (1) during BCD made when the 12-state counter is at decimal 4 (DEC 4)
time and the timing generator is presently at 090-000 time; (2) during octal mode when
the 12-state counter is at decimal 12 (DEC 12) time and the timing generator is presently
at 090-000 time; or (3) when an end of line of print is reached as indicated by the group
mark-word mark latch being reset (GMWM LTCH) and the timing generator is presently
at 090-000 time. The inhibits indicate that the last octal or BCD character of a word is
being transferred and a new cycle is not ready to start or that the processor is not re-
leased to start a new cycle,

2-335. PROGRAM CONTROL. In order for the printer to perform its functions, it
‘must be programmed to do so. The programming instructions for printer controls are
as follows:

1, CIO 170 — This programmed instruction resets the BCD latch (BCD LTCH) and
allows a BCD mode of operation. The BCD mode is inhibited when data is forced to the
carriage control latches of the printer, or by the printer being ready to print or by a
carriage instruction,
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2. CIO 164 — This programmed instruction sets the octal latch (OCTAL LTCH) and
allows octal mode of operation, .Octal mode is inhibited by the same inhibit conditions
as in the BCD mode above, Sequential print-store operations cannot be programmed
in the octal mode since it requires two instruction cycles to process all the octal char-
acters in one word.

3. CIO 160 — The printer carriage is controlled by a CIO 160 and the decoded data
bits shown in figure 2-51. Carriage control depends on a paper tape within the printer,
If a hole is sensed in channel 12 of the carriage control tape an automatic skip to chan-
nel 1 will occur. This provides automatic page control for a standard format output on
the printer paper without the use of a programmed CIO.

4. PRS 774 — The print-store 774 instruction sets the PRS 774 NOT latch, which
causes blocking of the data lines to the printer and filling the remaining buffer positions
with space characters, One line of print is thereby initiated.

5. PRS 775 ~ The print-store 775 instruction causes transfer of data from the accumu-
lator into the printer buffer. A print cycle occurs if the buffer is filled.

6. PRS 000-773 — The print-store 000-773 instruction causes the transfer of data from
the memory address specified to the accumulator and then to the printer buffer,

2-336. A non-programmed control is the printer ready level (PRNTR READY).

PRNTR READY (figure 10-28, sheet 44) allows printer operation if bit 25 of the proc-
essors A switches is not sensed when the level is present, If the A switch is sensed
("0") a printer busy level is developed which prevents printer operation. The PRNTR
READY level is present when the printer feeds back to the processor controls concurrent
levels indicating readiness of the printer to perform another function.

2-337. PARITY CHECKING, The data line outputs (figure 10-28, sheet 44) are checked
for correct parity (odd) by parity detector circuits, A typical parity detector is ex-
plained earlier in subsidiary circuit descriptions. If even parity is detected during
character transfer, a "1" is added to the existing even parity thereby generating correct
parity (odd). The generated bit is placed on the DATA C line and transferred to the
printer along with all the data bits which make up the character,

2-338. Another parity check is made when data is transferred from the printer buffer
to the printing mechanism whithin the printer., If an error is detected the printer is not
stopped but a PARITY CHECK level is routed back to the Central Processor as a control
to identify the error, The possible errors and means of identification are as follows:
(See figure 10-28, sheet 44 for parity error controls. )

1. BCD error during buffer load or print is identified by a character "b'" printed in the
first position of the next line of print providing the next line of print is BCD. The BCD
printout is indented one print position from the normal place that a line of print is
started.

2. BCD error during buffer load or print is identified by a character, ''b" printed in
the first position after the first word of octal print (tenth position), providing the next
line of print is octal.

3. Octal error during buffer load is identified by a character "-'" printed in the second
space after the word in which the error occured (eleventh position).
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Data Line
To CIO Code

1 2 4 8 A B
Immediate Skip
Channel 1 160 X
Channel 2 160 X
Channel 3 160 X X
Channel 4 160 X
Channel 5 160 X X
Channel 6 160 X X
Channel 7 160 X X X
Channel 8 160 X
Channel 9 160 X X
Channel 10 160 X X
Channel 11 160 X X X
Channel 12 160 X X
Immediate Space
1 Space 160
2 Spaces 160 X X
3 Spaces 160 X X
Skip After Print
Channel 1 160 X X X
Channel 2 160 X X X
Channel 3 160 X X X X
Channel 4 160 X X X
Channel 5 160 X X X X
Channel 6 160 X X X X
Channel 7 160 X X X X X
Channel 8 160 X X X
Channel 9 160 X X X X
Channel 10 160 X X X X
Channel 11 160 X X X X X
Channel 12 160 X X X X
Space After Print
1 Space 160 X X
2 Spaces 160 X X
3 Spaces 160 X X
Note: "X'" represents a '"1'",

Figure 2-51, Printer Carriage Control Codes.
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4, Octal error during print, providing the next line of print is BCD, is identified by a
character "b"' printed in the first position of the next line of print, The octal printout
is indented one print position from the start of a line of print,

9. Octal error during print, provided the next line of print is octal, is identified by a
character "b" in the first position after the first word of octal print (tenth position),

2-339. TYPEWRITER LOGIC. (See block diagram figure 2-52 and figure 10-28, sheets
37 and 38.)

2-340. The typewriter control logic is activated by four CIO commands (CIO 120, 124,
130 and 134). The first three CIO's, in the order shown, control three print modes:
(1) print (type) alpha numeric; (2) print (type) decimal; and (3) print (type) octal,
respectively, CIO 134 performs the following control functlons when the 1nd1cated
accumulator bits are present:

Accumulator Bit Function
SIGN Space
1 Select black ribbon
2 Select red ribbon
3 Set index
4 - Provide carriage return
5 Set tab

2-341. During the time that the 6 hi-order bits of the accumulator are being transferred
to the 6 typewriter binary coded decimal (BCD) latches, a decoder latch is set (from B-1
through A-2 time) to provide mode selection and function control gates. These gates
are; print alpha-numeric (PRINT ALPH NUM), print decimal (PRINT DEC), print octal
(PRINT OCT) and PRINT CONTROLS. The PRINT ALPHA NUM or PRINT CONTROLS
gate allows gating of 6-bits of accumulator information into the BCD latches to set up
either one alpha-numeric character of type or one control function, Print decimal
(PRINT DEC) allows gating of 4-bits of accumulator information into four BCD latches
to set up one decimal coded character of type. Print octal (PRINT OCT) allows gating
of 3-bits of accumulator information into three BCD latches to set up one octal coded
character of type. (See figure 2-53 for decoded accumulator bits at the BCD latches. )

2-342, There are five control latches which provide gating levels for five specific
typewriter control functions. The functions are as follows: (See timing charts figures
2-54 and 2-55 for control and print timing charts. )

1. Alpha-numeric spacing (ALP SPA) --- is a latch controlled level developed during
PRINT ALPHA NUM mode, providing PRINT DEC mode is not selected.

2. PRINT DATA --- is a latch output gating level which occurs during any print
mode,
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FROM ACC BITS
REGISTER

DATA BITS

SIGN AND 1-5 ‘——]

ClO 120! ——w

TYPE
ALPHA
NUM

ClO0 124 —»

TYPE
DECIMAL

ClO 130 —™

TYPE
OCTAL

DECODER

ClO 134

TYPE-
WRITER
CONTROLS

Figure 2-52. Typewriter Controls Block Diagram

CONTROL
LOGIC

LC SHIFT MAG )

UC SHIFT MAG
TAB MAG
—

INDEX MAG
—

RED MAG

BLACK MAG

\

CARR RET MAG _

R1

—
_R2 '
—

R2A

RS

T

i
-

2z __ .

CHECK MAG
, :

_

GEN

PARITY |

3. Spacing and tilt selection level (GATE L) --- is developed during any print mode

at A-3-Z time.

latches at A-1-7Z time,

This allows time for data to be gated out of the accumulator into data

4, Typewriter controls gate (PRINT CONTROLS) --- is developed only during CIO

134,

5, Octal decode gate to print drivers --~ is developed under control of the PRINT

OCT mode and is used only to force zero in the octal mode when a condition of ''no data -
present'' prevails,
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Accumulator Bits

5 3 2 1 SIGN
Character
Selected BCD Code

1 4 8 A B
A X X X
B X X
C X X X
D X X X
E X X X X
F X X X
G X X X X
H X X X
1 X X X X
J X
K X
L X X
M X X
N X X X
(0] X X
P X X X
Q X
R X ’ X X
S X
T X X
0] X X
A% X X

Figure 2-53, Typewriter Character Coding (Sheet 1 of 4)
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Character
Selected

Accumulator Bits

3 2

SIGN

BCD Code

4 8

N MW =

]

=

%

KoM MM

LT o TR o I T - - R - -

X

Co T - -

T - B I S

Figure 2-53. Typewriter Character Coding (Sheet 2)
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Accumulator Bits
5 4 3 2 SIGN
Character
Selected BCD Code
1 2 4 8 B
X X X
@ X X
X X X
> X X X
; X X X
v X X X X
\ X X X
< X X X X
A X X X X
i X X X
‘I X X X X
- . X
# X X X
¢
& X
$ X X X
, X
X X
/ X
Space
Note: "X'" indicates a ''1" in the bit position,

Figure 2-53. Typewriter Character Coding (Sheet 3)
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"Accumulator Bits
2 1 SIGN
Character
Selected OCTAL Code
1 2 4
1 X
2 X
3 X
4 X
5 X X
6 X X
7 X X X
0
Note: "X'" indicates a ''1'" in the bit position

Figure 2-53. Typewriter Character Coding (Sheet 4)

2-343. The five control latches and the six BCD latches are all reset at the same times,
after a print cycle is completed NORMAL RESET and during a regular machine reset
(STRT RESET).

2-344, TYPE CYCLE TIMING. The type cycle timing is determined by the case
location (upper or lower case) of the previously typed character and is controlled by the
case control latch, The lower case which contains capital letters is used normally
since capital letters are the only letters available, Shifting to upper case allows use of
special symbols, The case control latch is reset to lower case (LC LATCH) as follows:

1. When a lower case character is programmed and the typewriter is in upper case if
printing is not inhibited by the presence of the BLOCK TILT AND ROTATE gate and a
ready condition (TILT SELECT gate) is present. The BLOCK TILT AND ROTATE gate
indicates that a CIO 134 is programmed and that the typewriter is busy, i.e., mechani-
cally shifting case (SCC TRANSFER latch is set). The TILT SELECT gate is present
when; (1) the typewriter is not busy (SCC TRANSFER latch reset); (2) the typewriter
is waiting for a shift operation; and (3) the function control latches, GATE L and PRINT
DATA, are set.

2, Approximateiy 64 MSEC after a machine reset (MACH RESET) is initiated if the
typewriter is not busy (SCC TRANSFER latch is reset).
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A-2 | B-1 DECODER LATCH OUTPUT  A-2 | |8-1 e j\;_z_r 151
| PRINT CONTROLS N vé vé— 1
PRINT ALPHA + NUM+ CTRL
| PRINT DATA LATCH o [ v
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| PRINT CONTROLS LATCH o | v
A-3-7 | [A-4 GATE LATCH SET A-3-Z| | A-4 il ;‘XEU A-4
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A-1-Z || A-2 DATA A-1-Z | JA-2 P Yo
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CONTROL MAGNETS | e [ e
SCC TRANSFER AR 1 w#@___]
| READY (Typewriter) N v 1
Figure 2-54. Typewriter Control, Timing

Chart

V-2-103



Figure 2-55,

Typewriter Print, Timing

Chart (Sheet 1 of 2)
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Figure 2-55.

E; Phase A % Phase B = Phase C { Phase A % Phase B & Phase C % JI
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UPPER CASE SHIFT | A-3-Z . |
TILT AND POTATE GATE A L
WAIT FOR SHIFT A-3-Z 70 MSEC L i
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TILT AND ROTATE GATE [A-1-2 " | A

Typewriter Print, Timing

Chart (Sheet 2)
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2-345, The case control latch is set to upper case (UC LATCH) when; (1) an upper
case character is programmed, and the typewriter is presently in lower case; (2) when
printing is not inhibited by BLOCK TILT AND ROTATE gate; and (3) when the TILT
SELECT gate is present,

2-346. The case control latch remains in its present state until programmed to change.
Each time the status of the case control latch changes, the corresponding case control
magnet in the typewriter is actuated and the type head positioned accordingly.

2-347. CONTROL FUNCTIONS. There are six typewriter control functions. (See
figure 10-28, sheet 38.) Each control function is developed from two control gates
(TILT SELECT and PRINT CONTROLS) and a BCD latch decode characteristic of that
function, The concurrence of these three levels causes a typewriter magnet to pick

and the programmed function to take place. One function, the carriage return function,
is peculiar in that its magnet (CAR RET MAG) can also be picked in another way., It is
picked when the READY level and the RIGHT MARGIN level occur at the same time,

The READY level is present when; (1) the typewriter is not waiting for a shift (WAIT
FOR SHIFT level is a ''1"); (2) when the typewriter feedback circuits indicate comple-
tion of that last print cycle (SCC TRANSFER = "1"); and (3) the tab and carrier return:
interlock is cleared to allow a carriage return, The RIGHT MARGIN level is a feedback
from the typewriter which indicates that the printing has reached the right extreme,.

The WAIT FOR-SHIFT level is a "0" (delayed 70 MS) which allows going from upper
case to lower case and conversely. The delayed WAIT FOR SHIFT level inhibits normal
reset during case change,

2-348, The typewriter sends several cam operated and interlock feedback levels to the
control logic. These levels are designated on figure 10-28, sheet 38 as a letter or a
letter prefixed by a lozenger (X ), and indicates functions status. The feedback levels
set or reset three control latches whose outputs collectively relay to the control logic
the present typewriter status, i.e., that the typewriter is either ready for another
operation or is busy. The three control latches and their feedback controls are as
follows:

1. The selectric common contacts transfer latch (SCC TRANSFER) is set when ground
potential is routed through the normally open contacts of the print feedback cams
resulting in feedback Z or X N indicating a print cycle is still underway., When the
carriage return index is reached, the normally open carriage return index cam contacts
produce feedback X B, causing the latch to set by routing ground to its set control.

This indicates that the typewriter is busy. The SCC TRANSFER latch is reset when
feedbacks X A and W are at ground potential. The normally closed cam operated con-
tacts (which indicate that a print cycle is not in progress; that a case shift is not under-
way; and that space, backspace, tab, and carriage return operations are not in progress)
allow routing ground back to the reset control of the SCC TRANSFER latch.

2, The tab and carriage return interlock latch (TAB AND CRTN INTLK) is set when
feedback X C is at ground potential. The ground level is routed through the normally
open tab interlock contacts and indicates that the typewriter is busy. The TAB AND
CRTN INTLK latch is reset when feedback X Y is present, The feedback is ground level
routed through the normally closed contacts and indicates that no tab or carriage return
operation is under way.

3. The right margin latch (RIGHT MARGIN) is set when feedback X E is at ground

potential. Ground is routed through the normally closed END OF LINE interlock con-
tacts indicating that the end of the line is not yet reached and that the typewriter is
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ready for another operation, When the end of the line is reached the interlock

contacts cause ground to be routed through the normally open contacts. Feedback X F
resets the right margin latch which effectively prevents another operation until the
print head returns to the left margin,

2-349, PRINT CONTROLS. The type head must be positioned for proper selection of
the desired letter or symbol to be printed. This is done by selection of the correct
combination of rotate print drivers R1, R2, R2A and RS and tilt print drivers T1 and
T2, (See figure 2-56 for the selection and tilt rotate schedule of each letter or symbol
on the typewriter keyboard.) The combination of print drivers selected is a result of
the outputs of the BCD latches gated by the TILT AND ROTATE gate. (See figure
10-28, sheet 38.) The TILT AND ROTATE gate allows tilting and rotating of the type
head and is made up of all the pre-required conditions for the tilt-rotate operation to
take place. These conditions are as follows:

1. The typewriter must be in upper or lower case operation,

2. The presence of any print mode at A-3-Z time (PRINT DATA L and GATE L latches
set).

3. The tilt-rotaté operation is not blocked due to a function caused by CIO 134 or to
the typewriter being busy (SCC TRANSFER latch set).

4, The typewriter is not waiting for a shift operation, i.e., no case change is in
progress,

2-350, PARITY CHECKING, The outputs of the tilt and rotate drivers are checked for
correct parity (odd) by the parity detector circuits, The parity detector used here
{tigure 10-28, sheet 38) is the same as the typical parity detector explained earlier

in subsidiary circuit descriptions. If even parity is detected during the time the print
driver gating level (TILT AND ROTATE GATE) is present, the check magnet is picked
in the typewriter and a check bit is developed. A "1" is therefore added to the existing
even parity thereby generating correct parity (odd).

BCD Keyboard
Upper Lower T Check | T R2 | R R R .
Case Case | 2 Bit |1 | A |1 |2 |5 | T-T |ROT
Upper case A X X X X 3 -5
is blank
eXcept as B X X X 3 +1
indicated.
C X X X 3 -4
D X X 3 1 +2
E X X 3 -3
F X 3 +3

Figure 2-56, Selection and Tilt-Rotate Schedule (Sheet 1 of 3)
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BCD Keyboard

e | amer | 7| | T R BB F | mrfror
? G X 3 -2
X 3 -1

I 3 +4

J X X X 2 -5

K X X 2 +1

L X X X X X 2 -4

M X X X 2 +2

N X X X X X 2 -3

(o) X X 2 +3

P X X 2 -2

* Q X 2 -1
R X X 2 +4

S X X 1 +1

T X X X X 1 -4

U X X X 1 +2

v X X X X 1 -3

A X X X 1 +3

X X X 1 -2

% Y X X 1 -1
z | X X X 1 +4

1 X X X X X 0 -5

2 X X X X X 0 +1

3 X X X X X 0 -4

4 X X X X X X 0 +2

Figure 2-56, Selection and Tilt-Rotate Schedule (Sheet 2)
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BCD Keyboard

Gpper | Lower | 7| Chesk| T | B2 | R | K| R qur | ror
5 X X X X 0 -3
6 X X 0 +3
’f X X X 0 -2
8 X X X 0 -1
9 X X X 0 +4
] X X X 0 0
; - X X X X X 2 0
X X 0 +5
X X X X X 1 0
X X X 3 0
$ X 2 +5
, X 1 +5
. X 3 +5
X X X X X 1 -5

Note: "X" indicates that typewriter solenoid is energized.

Figure 2-56, Selection and Tilt-Rotate Schedule (Sheet 3)

2-351. DIGITAL DATA PLOTTER.

2-352, The digital data plotter is controlled by three commands, CIO 140, 144 and 150,
(See block diagram, figure 2-57,) The CIO 140 and 144 commands control direction of
plotting and the CIO 150 command raises or lowers the plotting pen,

2-353. A CIO 140 command drives the plotting paper in the forward or reverse direc-
tion for plotting along the X axis of the pen, A CIO 144 command drives the pen to the
left or right for plotting along the Y axis of the pen. Plotting is performed in 0,01 inch
steps at a rate of 300 steps per second. The plotter can be stepped a maximum or
1024 times (approximately 10 inches) along the X or Y axis of the pen by each X or Y
command,

2-354, The direction of plotting is determined by the value of the SIGN bit contained
in the central processor accumulator data word at the time an X or Y command is issued,
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ClO 144 ' CAR
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DATA BITS —
CAR
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Figure 2-57, Plotter Block Diagram

(See figure 10-28, sheet 39.) A "0 value enables the plotting paper to be driven in the
forward direction (DRUM DOWN PLOT) or enables the pen to be driven to the left
(CARR LEFT PLOT). A "1'" value enables the plotting paper to be driven in the reverse
direction (DRUM UP PLOT) or enables the pen to be driven to the right (CARR RIGHT
PLOT). .

2-355. A plotting operation which consists of an X and/or a Y command allows the
plotter to be stepped along the X and Y axes simultaneously. The number of plotting
steps performed along each axis is determined by the binary count contained in data bit
locations 16 through 25 of the central processor accumulator at the time a plotting
.operation is commanded, The number of plotting steps to be performed along the X
and Y axes is loaded into two ten trigger counters (one counter for X and one counter
for Y). (See figure 10-28, sheets 40 and 41.) The counters are stepped down by the
300 cycle per second counter under control of CIO 144, When both the X and Y counters
reach the zero count, the plotting operation stops.

2-356, A CIO 150 command raises the pen (PEN UP) if the central processor accumu-
lator data bit 25 value is a "'1"". The pen is lowered (PEN DOWN) when the central
processor accumulator data bit 24 value is a '"1", The position of the pen can be changed
a maximum of ten times per second.
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‘ 2-357, INPUT SERIALIZER,

2-358. The input serializer takes parallel information from the intercept latches,
program register "B" switches, or program register "A'" switches for the purpose of
either exercising program control or for manually inserting data into the processor,
(See block diagram, figure 2-58,) The interrupt latches are read into the serializer
under control of a CIO 154; the program register "A" switches are read into the
serializer under control of a CIO 214; and the program register "B'' switches are read
into the serializer under control of a CIO 220, The bits loaded into the serializer are
serialized into the accumulator at the specific phase and bit gate times shown on figure
10-28, sheet 36.

2-359, The PTC program register "A" switches have dual usage of bits 17 through 25,
Discrete inputs six through one are routed through the 0" side of "A" switch bits 17
through 22, The typewriter busy, plotter busy and printer busy signals are routed
through the 0" side of "A' switch bits 23, 24 and 25, respectively.

2-360, DISCRETE OUTPUT AND DISPLAY REGISTER. (See block diagram, figure
2-59,)

2-361. The discrete output and display register is a six latch register (figure 10-28,
sheet 7) whose latches are set by the six low order bits of the accumulator when a CIO
120 is programmed. Each latch output goes to a line driver and a lamp driver, Each
line driver output effects the read-out of one of the six channels of LVDCME delay lines
(in ASTEC configuration) when programmed to do so, whereas the indicators indicate
latch status. The register can also be used similarly to the program control mode
display register (as'a programmers tool) to indicate that a program sequence (e.g., a
. pass count) has occurred.

) 1T

INTERRUPT
LATCHES ClO154—| A
{ | SERIALIZER }—= TO
| ACCUMULATOR
PROGRAM —L—L——-’
REGISTER CIO220—f A
B SWITCHES
PROGRAM
REGISTER ClO214—s] A
A SWITCHES
_ L TYPEWRITER BUSY (23)
DISCRETES IN ——— PLOTTER BUSY (24)
(17 THROUGH 22) ——— PRINTER BUSY (25)
-
‘ Figure 2-58. Input Serializer, Block Diagram
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DATA BIT 20 — b1
RETE
DATA BIT 21 —»f DISCRETE |
OUTPUT
DATA BIT 22 —f -, > D3

DATA BIT 23 — pispLAY |— D4
DATA BIT 24 —» REGISTER —— D5
DATA BIT 25 —ﬂ —» D6

Figure 2-59. Discrete Output and Display Register, Block Diagram

2-362, PROGRAM CONTROL MODE DISPLAY REGISTER. (See block diagram,
figure 2-60.)

2-363. The program control mode register is a six latch register (figure 10-28, sheet
7) used as a program tag for the programmers use only. The latches in the register
are set by the six low order bits of the accumulator when a CIO 204 is programmed at
A-1time. As each latch is programmed to "'set", a corresponding lamp is lit indicat-
ing a desired program sequence (e. g., a pass count) has occurred.

ClO 204 — 3

DATA BIT 20 —f PROGRAM |— P 40 IND
DATA BIT21 —] CONTROL }—» P 20 IND
DATA BIT 22 — 4 MODE = P 10 IND
DATA BIT 23 ——w| DISPLAY |—+ P 4IND
DATA BIT 24 —»IREGISTER +—* P 2IND

DATA BIT 25 — —* P1IND

Figure 2-60. Program Control Mode, Block Diagram
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SECTION II

INTERFACE AND CONTROLS

3-1. SCOPE.

3-2. This section describes the locations of all PTC interface connectors and refer-
ences the drawings that identify the signal at each pin of these connectors. This section
also describes the function of each control or indicator on the PTC control panels; draw-
ings of the control panels are included in this section.

3-3. INTERFACE.

3-4, INTERFACE WITH LVDAME.

3-5. All of the PTC-LVDAME interface signals appear at pins of connectors 9009J1
through 9009J6 located on the left side feature strip of the 03 frame, shown on figure
3-1. The signals on the pins of these connectors are identified on figure 10-4, sheets
10, 13 through 18, 32, and 41.

3~-6. INTERFACE WITH 1443 PRINTER.

3-7. All of the PTC-1443 Printer interface signals appear at the pins of connectors
0133, 01J4, and 01J5 located on the left side of the 01 frame, shown on figure 3-2.
The signals on the pins of these connectors are identified on figure 10-4, sheet 27,

NOTE

Connectors 01J6 through 01J12 shown on
figure 3-2 are used for PTC self-check
cables. The signals on the pins of these
connectors are given on figure 10-4,
sheets 20 through 24,

9009J6 9009J5 9009J4 9009J3 9009J2 9009J1

O OO OO O

Figure 3-1. PTC-LVDAME Interface Panel
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. SELF TEST
01J6 0vJ7 01J8

OO 00O

01J9 01J10 oHJN 01J12

O O

01J5 0114 01J3

Figure 3-2., PTC-1443 Printer Interface Panel

3-8. INTERFACE WITH TYPEWRITER.

3-9. All of the PTC-Typewriter interface signals appear at the pins of plug 01P13,
which connects to the 01J13 connector located on the rear of the typewriter. The signals
on the pins of this plug are identified on figure 10-4, sheet 18.

3-10. CONTROLS AND INDICATORS,

3—11'. The PTC operating controls and indicators are shown on figures 3-3 through 3-6;
these controls and indicators are described in figure 3-7, The location of each control
panel on the PTC is shown on figure 1-3.

TAPE READER AND MODE CONTROL
TAPE READER CONTROL Y MODE Y @
INHIBIT [ pwr on foRmaRD|MANUAL auTo | ML ERROR
READER —aovance| VEVFY [ start { sToP DEVICES
|CONTROYPW R OFFIREVERSE | TapE | ONU manual] oD | rest
J
TAPE ADDRESS Y [ TAPE READER SELF CHECK )
Lamp 2'e |a"|20]2® 27|22 {242t | 2 F:“ ‘:5: CPR e
N
TEST AER [iodl 3 okl o [hoe] 23 e 2 o | reaner SEL fomecx
J \, J

Figure 3-3. Tape Reader and Mode Control Panel

V-3-2 (Text continued on page 3-23.)




C.E. PANEL
ACCUMULATOR
A/S | DLa2 | DIA3 |OLA4 [DlAS |OLA 6 | DLA7 [ DLa 8| DLA 9 | DLA10 | DLA 11 fDLA 12 | DLA 3
DLA [ DLATS | OLA W | DLA 7] DLA 18] OLA 19 | DLA 20| DLA2t | OLA 22| DLA23 | DLA 24| DLA 25| DLA 26
DLA27 | DLa 28| DLA 29| Dta30] acco | accr [owBy | o2 | oe3 | oiea | owes [owes | OB 7
Diae [ OB 9| DLtB10| DIBM [ DWB 12 | DIB 13| DIB M | DIB 15| DLB1] DIB 17| DIBtS | DLew | DLB2O
Dis21 | a1 O | a1 v | AT2 | AT 3 | ara AcC
DISPLAY
ENABLE
MEMORY BUFFER REGISTER
BTy [eir 2|83 |&iva | Birs [ere|er 7| wre|mre:| mriof et | eviz | T3
MBRY | MBR 2 | MBR L[ MBR4 | MBR S | MBR 8| MBR 7 | MBR 8 | MBR 9 | MBR 10} MBR 11 | MBR 12| MBR 13
g
8T 14
LAMP
000 Loap TEST
PARITY
~
- PROCESSOR TIMING
PHASE
TIMING
A 8 C DISPLAY
ENAGBLE
BIT GATE
acH a2 BC3 8C4 ecs 8cs | BG7
ADVANCE
8ce 8G9 8G10 | 8GN 8c12 BC13 | 8CwW
SINGLE
, 3 x PHASE
A C 2 : w ] SINGLE SINGLE
1 H] 2 13 INST
AL AL o Al NORM
NOME NONE 7 NONE
4 [
o (]
2 5 10
PHASE BIT GATE CLOCK ADV REMOTE
@-I-C-,L @J-@
N
e
TAPE READER
v ooy \ r TRCP y SE@ ___  FEED
GRO 1 2 3 4 s 6 1 2 3 4 BT TAPB TRACK CRD
r - TRCB ] 500» 10w TRCP
1 2 3 4 s 6 7 [ ) [ ERR DLY
N

Figure 3-4. C. E. Panel
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MEMORY LOAD AND DATA DISPLAY

4 INSTRUCTION ADDRESS A
MNODULE - SYL SECTOR
0 1 | COMPBUTER == | O 1 $Y] 153 152 (33}
[+) 1 p= COMMAND =—1} O 1 134 IS3 i$2 tS1
ADDRESS
A8 AT At AS M A3 A2 Al

AB A7 Ab AS A4 Al A2 A1 ]
COMPUTER ~LOMMAND '

DATA ADDRESS )
PARITY BI SECTOR MOOULE
DS4 Ds3 Ds2 "33 ~— COMPUTER=—{ O |
BR
DS DS3 Ds2 1] —COMMAND=—] 0 } 1
OP CODE QPERAND
ora or3 or2 ort [v7.34) OA S8 OA? [ ¥ (7% ) [+ ¥} oAl QA2 OA1
l ora or3 or2 or1 QA9 [o7X:] oa? OA6 OAS Oas 0Al 0A2 OAl
L COMPUTER COMMAND ——]

DATA h
PARITY BIT
COMPUTER~—y——— SERIALRER
LAMP B i [y 3 PARITY
TEST Rio|® : Ph S

b1 command

[ T Y — T COMPUTER ~— T I —
[ 3 "
$1é 3fs 6|s oo 12{12 as |18 88 2 242
1% ®
i) 1 4 4 7 7 10]10 13 )13 16| t6 19]19 22)22 25|28
2|2 5is s{a n|n LR IYARY 20] 20 23123
- i 1 4 commano L l —1 -
\. _J
ERRORS MEMORY LOADER
PARITY TAPE COMPARE
. TAPE | TRCP | TR | semwa | ssmsc| oac REPEAT comerrk
a ERSOR | INVERT ADDRPE?SS.mSNA' O PLAY
senac [ SE|SE | a1y | wopc | swer| sRia | 'RESET | ERROR GEPEAT {COMPTR | "oecer | meser
AL
DISPLAY MODE )
Al3 DISPLAY
DATA SNGLE
I REPEAT
1A
NONE
ADDRESS
COMPARE
DATA
NS

DISPLAY SELECT MODE CONTROL @

Figure 3-5. Memory Load and Data Display Panel
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_ FKOCESSOR DISPLAY PANEL

[ DATA
' ? ] . s . ’ a 10 n 1] "
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19 n m n2 13 ™ ns ns pRoC £%Q
29 810 m 812 (1) B84 .11 INT S SYNC o
. PROGRAM CONTROL
csr (L] P20 P10 2] (23 ”
E
MAN ST, 0o os De 03 o2 [}
r PROG §1C A n)
siGw 1 2 e ) s [ 19 n 12
SliclieNeNeNeNeNeNoNeNeNeNe)
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. Figure 3-6. Processor Display Panel
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3-12. In addition to the controls and indicators described in figure 3-7, the Filter-
Interlock Gate Assembly (01B5) at the rear of the PTC contains an elapsed time meter
(9999. 9 hour) and the circuit breakers for the PTC input power.

3-13. The controls and indicators on the commercial equipment in the PTC (plotter
01A1 and power supplies 03A6 through 03A11) are described in the commercial manuals
for these units. (Refer to the list of related manuals in the front of this volume. )

3-14. Many of the PTC controls and indicators are pushbutton switches housed with
four lamp bulbs that light under certain conditions. The four bulbs (1, 2, 3 and 4) are
arranged as shown here:

ONO
© ©

3-15. These bulbs can be wired in many configurations; the following five configurations
are used on the PTC.

1. Bulbs 1 and 3 constitute one indication.

2. Bulb 1 or bulb 2 constitutes one indication; bulb 3 or bulb 4 constitutes a second
indication. '

3. Bulb 1 or bulb 4 constitutes one indication; bulb 2 or bulb 3 constitutes a second
indication.

4, Bulb 1 or bulb 2 constitutes one indication; bulb 3 constitutes a second indication;
and bulb 4 constitutes a third indication.

5. Each lamp constitutes a different indication.

3-16. These wiring configurations, listed in paragraph 3-15, correspond to the follow-
ing patterns on the switch faces:
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NOTE

Some indicator lamps are housed with
pushbutton switches to which they are not
electrically connected. The indications
given by these lamps are explained in
figure 3-17.

3-17. PUSHBUTTON SWITCH NOMENCLATURE. The nomenclature discussed in the
following paragraphs is used in figure 3-17.

3-18. 'Momentary Action Pushbutton. A momentary action pushbutton is a momentary
action pushbutton switch.” The Iunction controlled by the switch is a ''1" only while the
switch face (button) is being pressed.

3-19. Momentary Action Pushbutton/lamp. A momentary action pushbutton/lamp is a
momentary action pushbutton switch housed with lamp bulbs. The function controlled by
the switch is in the '"1" state only while the bulbs within the switch assembly are lit.
Normally the bulbs become lit when the switch face (button) is pressed (or soon after-
ward) and remain lit until another switch is pressed, forcing the bulbs of the first switch
to.be extinguished. For example, the PWR ON and PWR OF F switches shown here op-
erate in this manner:

PWR _ PWR
ON OFF

When power is off, PWR OFF is lit, and PWR ON is not lit. When PWR ON is pressed,
PWR OFF becomes not lit and PWR ON becomes lit when the power-on sequencing is
complete. When PWR OFF is pressed, PWR ON becomes not lit and PWR OFF be-
comes lit when power-off sequencing is complete.

3-20. As noted in paragraph 3-16, some of the bulbs housed in certain switch assem-
blies are not electrically connected to the switches in the assemblies. In some cases
certain bulbs are independent of the state of the switch with which they are housed while
"the others in that housing are directly controlled by the switch. In other cases the bulbs
become lit when errors occur, and the switch in that assembly is used to reset the error
indication circuit that controls the bulbs; a momentary action switch is normally used
for this purpose. These special switch configurations are described in figure 3-7.

3-21. Alternate Action Pushbutton/lamp. An alternate action pushbutton/lamp is a
DPDT pushbutton switch housed with lamp bulbs; the state of the switch is complemented
by pressing the switch face. The lamp bulbs may be wired in one of the following ways:

1. Bulbs within the switch assembly are lit only when the function the switch controls

is a'"1". For example, the SELF CHECK alternate action pushbutton/lamp shown here
is lit only while a self-check operation is in progress.
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SELF
CHECK

2. The type of indication discussed in item 1 can be restricted to one half of a switch
face. For example, in the SIGN switch shown here, the lamps in the lower (COMMAND)
portion function as described in item 1; the lamps in the upper (COMPUTER) portion
indicate the SIGN output from the Central Processor ("'1" if lit, ''0'" if not lit). The
lamps in the upper portion are not electrically connected to the switch. (This type of
operation was noted in paragraph 3-16.)

COMPUTER SIGN

COMMAND SIGN

3. A bulb (or bulbs) is always lit to indicate the state of the function controlled by the
switch. For example the AUTO portion of the AUTO/MANUAL alternate action push-
button/lamp shown here is lit only when the automatic mode of operation is selected,;
when the AUTO portion is lit, the MANUAL portion is not lit, and vice versa.

AUTO

MANUAL

4. The type of indication discussed in item 3 can be restricted to one half of a switch
face. For example, in the MODULE-0/1 switch shown here, the lamp bulbs in the lower
(COMMAND) portion function as described in item 3; the lamp bulbs in the upper (COM-
PUTER) portion indicate the module output from the Central Processor. The lamps in
the upper portion are not electrically connected to the switch,

MODULE
COMPUTER 0 1
COMMAND 0 1

3-22. Special Action Pushbutton/lamp. A special action pushbutton/lamp is a momen-
tary action pushbutton switch housed with lamp bulbs that light in a binary counting se-
quence. The face of each switch is partitioned into four sections as shown here.

22 | 2l

20
No. 1
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(The shaded portions of these switch faces are not used in the binary counting sequence.) .

3-23. When none of the lamps are lit, pressing switch No, 1 causes the 20 portion to
light, thus indicating the binary number 000 001. When switch No. 1 is pressed again,
the 20 portion becomes not lit and the 21 portion becomes lit, thus indicating 000 010.
When switch No, 1 has been pressed seven times, the 20, 21 and 22 portions will be

lit. Pressing switch No. 1 again forces the 23 portion of switch No. 2 to become lit

and the 20, 21, and 22 portions of switch No. 1 to become not lit, thus indicating 001000.

3-24. Because each switch face represents three binary positions, the total indication
on each switch face can be read as one position in an octal number. (Refer to the TAPE
ADDRESS area of the TAPE READER AND MODE CONTROL panel in figure 3-17.)
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SECTION IV

TEST EQUIPMENT AND SPECIAL TOOLS

4-1. SCOPE.

4-2, This section contains the list of standard test equipment and the list and illustra-
tions of the special tools recommended for maintenance of the PTC. The application of
the standard test equipment is described in the calibration procedures in Section VII.
The applications of the special tools are briefly described in this section; the applica-
tions of many of these tools are further described in the repair procedures in Section IX.

4-3. TEST EQUIPMENT.

4-4, STANDARD TEST EQUIPMENT.

4-5. Figure 4-1 is the list of standard test equipment recommended for maintenance of
the PTC. This equipment is not supplied with the PTC. Equipment having the same
range and accuracy as those listed in figure 4-1 may be substituted for the items listed.
4-6. SPECIAL TEST EQUIPMENT.

4-7. No special test equipment is required for maintenance of the PTC.

4-8. SPECIAL TOOLS.

4-9. The special tools recommended for maintenance of the PTC are listed in figure
4-2 and illustrated on figure 4-3. These tools are not supplied with the PTC. Equiva-
lent tools may be substituted for the items listed.

Name ol:'/I?Ifi;;e Vendor
Oscilloscope 585A Tektronix, Inc.
Plug-in Unit M Tektronix, Inc.
Plug-in Adapter 81 Tektronix, Inc.
Differential Voltmeter AC/DC | 803-B | John Fluke Mig. Co., Inc.
Digital Voltmeter 456 Kintel Division, Cohu Electronics, Inc.
AC Converter 452 Kintel Division, Cohu Electronics, Inc.
Digital Readout 473A | Kintel Division, Cohu Electronics, Inc.
Milliammeter (0-15 ma) 901 Weston Instrument Division, Daystrom Inc.
Volt-Ohm-Ammeter 630-A Triplett Electrical Instrument Co.
Volt-Ohmmeter 269 Simpson Electric Co.
Capacitance Bridge 650-A General Radio Co.

Figure 4-1. Recommended Standard Test Standard
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Name

Vendor
Part No.

Application

Illustration
Figure 4-3

SMS Card Puller

SMS Card Con-
tact Lubricant

SMS Card Ex-
tender

SMS Card Socket
Terminal
Extractor

Soldering Handle

Soldering Tip

Hand Wire-Wrap

Tool

Wrapping Bit-22

Wrapping Bit-20

Wrapping Bit-24

Wrapping Bit-26

Sleeve - 26

Sleeve - 22, 24

Sleeve - 20

IBM 6072429

IBM 6072430

IBM 6072431

IBM 6072432

Hexacon P25

Hexacon HT248D

IBM 6072438

Keller A-18632

Keller A-18633

Keller A-26232

Keller A-27611

Keller A-17611-2

Keller A-18840

Keller A-18285

Facilitates insertion or removal
of SMS cards.

Insures low contact resistance and
reduces wear of the gold-plated
SMS card contact surfaces.

Allows access to the components
and wiring of an SMS card while
the card is connected into the
system,

Used to remove SMS card socket
terminals (contacts).

Handle for soldering tip.

Used to remove or install SMS
card socket terminals that are
soldered to a printed circuit
overlay or a voltage chain.

A manual, squeeze-type wire-wrap
tool used to wire-wrap SMS card
socket terminals.

Used with hand wire-wrap tool to
wrap AWG22 wire,

Used with hand wire-wrap tool to
wrap AWG20 wire,

Used with hand wire-wrap tool to
wrap AWG24 wire,

Used with hand wire-wrap tool to
wrap AWG26 wire.

Used with hand wire-wrap tool to
wrap AWG24-26 wire,

Used with hand wire-wrap tool to
wrap AWG22 wire,

Used with hand wire-wrap tool to
wrap AWG20 wire,

Part A

Part B

Part C

Part D

Part E

Part F

Part G

Part H

Part i

Figure 4-2. List of Recommended Special Tools (Sheet 1 of 3) |
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monitoring current character-
istics.

. Vendor L. Illustration
Name Part No. Application Figure 4-3
Unwrap Tool 1BM 6072437 Used to unwrap both right and Part J
left-hand wraps.
Crimping Tool Bendix 11-7295 Used to crim size 12, 16 and 20 Part K
Kit . type connector contacts.
Insertion Tool Bendix 11-6781- | Used to insert size 16 contacts in Part L
16 Bendix type connectors.
Insertion Tool Bendix 11-8107- | Used to insert size 20 contacts in Part M
: 20 Bendix type connectors,
Contact Remov- | Bendix 11-6900 Used to remove size 16 and 20 Part N
ing Tool Kit contacts in Bendix type con-
nectors.
Spanner Wrench | Bendix 11-3544 Used on Bendix type connector Part O
spanner nuts.
Connector Pliers| Bendix 6147-1 Used to hold knurled or serrated Part P
surfaces on Bendix type con-
nectors.
Crimping Tool AMP 59501 Used to crimp AWG22-24 solid Part Q
or stranded wire.
Crimping Tool Berg HT-3-20 Used to crimp AWG20 solid or Part R
stranded wire to a slip-on
terminal.
Crimping Tool Berg<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>