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SECTION 1

- INTRODUCTION AND DESCRIPTION

1-1. INTRODUCTION.

1-2. PURPOSE OF MANUAL.

1-3. This volume of the manual provides laboratory maintenance instructions for the
Saturn V LTE Launch Vehicle Digital Computer Manual Exerciser (hereinafter referred
to as the LVDCME), IBM part number 6902000 M1 (see figure 1-1), manufactured by
International Business Machines Corporation, Federal Systems Division, Rockville,
Maryland.

- 1-4. Maintenance instructions for those LVDCME assemblies not built or modified by
the Federal Systems Division are not included in this manual but are supplied separately.
(Refer to the list of related manuals.) Automated Logic Diagrams (ALD's) are not an
intregal part of this manual but are referred to (as needed) by their IBM drawing num-
bers.

1-5. Unusual terms and abbreviations are listed alphabetically in the glossary. -A
topical index indicates the pages that describe the LVDCME functions and c1rcu1ts ~ Both
the glossary and the index are located at the back of the volume.

1-6. PURPOSE OF EQUIPMENT.

1-7. The purpose of the LVDCME is to evaluate the Launch Vehicle Digital Computer
(LVDC) when the LVDCME is installed in either the ACME or the ASTEC laboratory test
equipments (refer to Volume I).

1-8. PART SYMBOLS.

1-9. Symbols for standard electrical and electronic parts conform with military’ stand-
ard MIL—STD—15—1 Nonstandard symbols are defmed in the table of part symbols

1-10. LOGIC SYMBOLS

1-11. The logic symbols used in this volume and on the ALD's are defined in the table
of logic symbols. Also, included with the table is a dlscussmn of the physical layout and
interpretation of the ALD'

1-12. DESCRIPTION.

1-13. CONSTRUCTION.

1-14. The LVDCME (figure 1-1) is comprised of two frames (frame 01 and frame 02)
welded together to form a unit 58 inches long, 31 inches deep and 60 inches high that
weighs approximately 1912 pounds. Frames 01 and 02 are further divided into modules.
The upper module in each of these frames is designated module A; the lower module is
designated module B.
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1-15. Each module has removable side covers and hinged gate assemblies that provide
access to parts within the module. Hinged doors provide access to power supplies and
power control relays at the rear of modules 01A and 02A. Each removable side cover
and hinged door (except the hinged gate assemblies and the power supply access doors) is
electrically interlocked so that power is disconnected whenever a cover is removed or a
door is opened. Casters at the bottom of each frame facilitate moving and installation.

1-16. ASSEMBLIES.

1-17. Figure 1-2 shows the assemblies of frames 01 and 02. Figure 1-3 lists the

LVDCME assemblies in alphanumeric order by reference designation to provide addi-

tional information concerning these assemblies. In frames 01 and 02, reference desig--

nators for the assemblies are prefixed by the number of the module.in which the as---

sembly is located. For example, the power control panel is located in frame 01 module

A and has a partial reference designation 1; the complete reference designation for th1s
- panel is therefore 01Al,

1-18. CONTROL PANELS. Each of the four LVDCME control panels is divided into
areas that contain associated controls and indicators. The type of controls and/or
indicators is designated by the legend at the top of the area. A table in Section III lists
all operating controls and indicators with brief descriptions of their functions. The
TAPE READER AND MODE CONTROL panel and the POWER CONTROL panel contain
test jacks for monitoring critical voltages or signals.

1-19. POWER SUPPLIES. Each of the ten LVDCME power supplies has been slightly
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 LVDCME. Another modification is the removal of
internal power supply jumpers to allow remote rather than local sensmg of the power
supply Voltages

1-20. Each power supply can provide an output that is current and/or voltage regulated.
In the LVDCME each current regulation circuit is disabled by placing the CURRENT po-
. ~tentiometer in the full clockwise position.

1-21. The power supplies have external resistor networks that permit the output volt-
ages to be varied plus or minus 1 volt. These resistor networks (consisting of a fixed
resistor in series with a potentiometer) are mounted on the POWER CONTROL panel.
The potentiometer may be adjusted from the front of the panel.

1-22. GATE ASSEMBLIES. Each of the gate assemblies containing SMS circuit cards
and other components is hinged on one edge for ease of accessibility in checkout and
maintenance. A fan assembly mounted on each gate assembly provides cooling air for
the SMS circuit cards and components.

1-23. STANDARD MODULAR SYSTEM LOGIC.

1-24. SMS CARD PHYSICAL DESCRIPTION. The logic cards used in the LVDCME are
called 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 code and a six-, seven-, or
nine-digit IBM part number.
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1-25. The SMS single card, the kind used in the LVDCME, is made of an epoxy paper
laminate material, and 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.

1-26. 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.

-1-27. SMS RECEPTACLE PHYSICAL DESCRIPTION. The pluggable printed circuit
cards are inserted into SMS card receptacles (figure 1-4). 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 signal and voltage wires to the terminal pins. The SMS card receptacles
used in the LVDCME are the 8-position type, serving as a common receptacle for eight
individual SMS cards, and the 1-position type, accommodating one SMS card.

1-28. ELECTRICAL AND MECHANICAL CHARACTERISTICS.

1-29. Figure 1-5 lists the LVDCME electrical and mechanical characteristics. »
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Legend for Figuré 1-2

Item ‘ _ Name
1 Memory Loader and Data Display Panel Assembly (02A1)
2 Interface Exerciser Panel Assembly (02A2)
3 Power Control Panel Assembly (01A1)
4 Tape Control Panel Assembly (01A2)
5 Tape Reader Assembly (01A3)
6 Tape Spooler Assembly (01A4)
7 Gate Assembly (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 : Gate Assembly (02B1)
15 Connector Panel Assembly (02A3)
16 Power Sequence Relay Gate Assembly (01A9)
17 Power Supply (02A9) =
18 Power Supply (02A10)
19 Computer Power Sequence; Relay Gate Assembly (02A8)
20 - Power Supply (02A4) :
21 Power Supply (02A5) -
22 Power Supply (02A6)
23 Power Supply (02A7)
24 Delay Line Gate Assembly: (02B8)
25 Gate Assembly (02B7)
26 Gate Assembly (02B6)
27 Gate Assembly (02B5)
28 Module Switching Relay Gate Assembly (01B8)
29 Gate Assembly (01B7)
30 Gate Assembly (01B6)
31 AC Power Gate Assembly (01B5)
32 Power Supply (01A7) -
33 Power Supply (01A8)
34 Power Supply (01A6)
35 Power Supply (01A5) -
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Reference | Index Number Part Number or .
Designation | Figure 1-2 Name Manufacturers Designation Manufacturer Description
01A1 3 Power Control Panel 6901200 IBM Corporation Hinged on bottom. Contains power controls and adjustments and
' Assembly b voltage monitoring test points for the LVDCME and computer
under test. :
01A2 4 Tape Control Panel 6901100 IBM Corporation Hinged on left side. Contains controls and test points for the
Assembly tape reader and tape spooler.
01A3 5 Tape Reader Assembly Model RR-1002B-333 Rheem Electronic  Mounted on slide mounted rack with assembly 01A4. See main-
. (6901110) Corporation tenance instructions for this item. (Refer to list of related
manuals. ) -
01A4 6 Tape Spooler AS$embly Model RS-500A Rheem Electronic Mounted on slide mounted rack with assembly 01A3. See main-
i (6901120) Corporation tenance instructions for this item. (Refer to list of related
1 manuals. )
01A5 35 Power Supply - ; - Model M15-50A-0V Trygon Electronics Provides -12 VDC for LVDCME logic circuits. See maintenance
S (6901013) Incorporated instructions for this item. (Refer to list of related manuals.)
|
01A6 34 Power Supply oo Model M15-15A-0V Trygon Electronics Provides -6 VDC for LVDCME logic circuits. See maintenance
e (6901010) Incorporated instructions for this item. - (Refer to list of related manuals.)
01A7 32 Power -Supply 1 -Model M36-10A-0V Trygon Electronics Provides -26.5 VDC for LVDCME power sequencing relays. See
(6901012) Incorporated maintenance instructions for this item. (Refer to list of related
manuals. )
01A8 33 Power Supply .- Model M15-10-0V Trygon Electronics Provides +12 VDC for LVDCME logic circuits. See maintenance
e (6901011) Incorporated instructions for this item. (Refer to list of related manuals.)
01A9 16 Power Sequence Re‘lay 6901500 IBM Corporation Hinged on bottom. Contains voltage sequencing relays used
Gate Assembly{ during power-up and power-down operations.
01B1 10 Gate Assemblj o 6901300 IBM Corporation Hinged on top; Contains. LVDCME logic circuits.
01B2 9 Gate Assembly ! 6901400 IBM Corporation Hinged on top. Contains LVDCME logic circﬁits.
01B3 8 Gate Assembly } 6901430 IBM Corporation Hinged on top. Contains LVDCME logic circuits.
01B4 7 Gate Assembly 6901230 IBM Corporation Hinged on top. Contains LVDCME logic circuits.
01B5 31 AC Power Gate Assembly 6901600 IBM Corporation Accessible through side panel. Contains AC powef:‘-control cir-
‘ cuits for power supplies and fans.
01B6 30 Gate Assembly 6901630 IBM Corporation Hinged on top. Contains LVDCME logic circuits.
01B7 29 Gate Assembly . 6901530 IBM Corporation Hinged on top. Contains LVDCME logic cfrcuits.
. {
01B8 28 Module Switching. Relay 6901220 IBM Corporation Hinged on top. Contains LVDCME relays used during computer
Gate Assembly = module switching. L . e
Figure 1-3. LVDCME Assemblies (Sheet 1 of 2)
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Reference

Index Number

Part Number or

< .
Designation | Figure 1-2 Name Manufacturers Designation- Manufacturer Description
02A1 1 Memory Loader and Data 6902100 IBM Corporation Hinged on left side. “ Contains controls and indicators needed
Display Panel Assembly during memory loading and verification.
- 02A2 : 2 Interface Exerciser Panel 6902150 IBM Corporation Hinged on right sidé. Contains error indicators and confrols and
! Assembly indicators needed to exercise the computer with the diagnostic
program. b
02A3 - 15 Connector Panel Assembly 6902330 IBM Corporation Contains LVDCME —? computer and self check interface connectors.
02A4 ' 20 Power Supply Model M36-5-0V Trygon Electronics Provides +20 VDC f.'p'r computer memory circuits. See mainte-
(6902042) Incorporated nance instructions’;wfor this item. (Refer to list of related
_ manuals. ) ¥
02A5 21 Power Supply Model M15-5-0V Trygon Electronics Provides +12 VDC fbr computer logic circuits. See maintenance
(6902041) Incorporated instructions for this item. (Refer to list of related manuals.)
02A6 - 22 Power Supply Model M15-30A-0V Trygon Electronics | Provides +6 VDC fo;r computer logic circuits. See maintenance
(6902044) Incorporated instructions for thlis item. (Refer to list of related manuals.)
02A7 23 Power Supply Model M15-15A-0V Trygon Electronics Provides -3 VDC for computer logic circuits. See maintenance
(6902045) Incorporated instructions for this item. (Refer to list of related manuals.)
02A8 19 Computer Power Sequence 6902230 IBM Corporation Contains relays that control sequencing of voltages applied to the
- Relay Gate Assembly computer during ptower—up and power-down operations.
02A9 ! 17 Power Supply Model M15-10-0V Trygon Electronics Provides +6 volts to computer for module switching. See mainte-
- : (6902040) Incorporated ‘nance instructions} for this item. (Refer to list of related’
manuals. ) 1
|
02A10 18 - Power Supply Model M15-5-0V Trygon Electronics Provides +12 VDC t'|o computer for module switching. See mainte-
(6902041) Incorporated nance instructions for this item. (Refer to list of related
manuals. ) L
02B1 14 Gate Assembly 6902200 IBM Corporation Hinged on top. Contains LVDCME logic circuits.
02B2 13 Gate Assembly 6902300 IBM Corporation Hinged on top. Contains LVDCME logic circuits.
02B3 12 Gate Assembly 6902400 IBM Corporation Hinged on top. Contains LVDCME logic, circuits.
|
02B4 11 Gate Assembly 6902500 IBM Corporation Hinged on top. Contains LVDCME logic circuits.
- 02B5 27 Gate Assembly 6902600 IBM Corporation Hinged on top. Cor{tains LVDCME logic circuits.
02B6 26 Gate Assembly 6902700 IBM Corporation Hinged on top. Con!tains LVDCME logic circuits.
. }
02B7 25 Gate Assembly 6902800 IBM Corporation Hinged on top. Cor}'tains LVDCME logic circuits.
. 02B8 ' 24 Delay Line Gate 6902900 IBM Corporation Hinged on top. Contains LVDCME delay lines.

Assembly

(
|

|
. ;v
i

|

Figure 1-3. LVDCME Assemblies (Sheet 2)
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Figure 1-4. Typical SMS Card Receptacle

Input Power

Environment

Mechanical
Packaging

.

Phase: 3 phase; 5 wire; wye connected; phase sequence is ABC
Frequency: 60 5 cycles/sec

Voltage: 115 £11.5 VAC (line to neutral)

Current: 20 (MIN) to 30 (MAX) ampefes/phase

Ambient Temperature: +60 DEG F to +95 DEG F

Relative Humidity: 10% to 80%

Basic Packaging: IBM SMS family.

Cabinet: Two frames mechanically and electrically bonded
together '

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

Weight: 1912 pounds

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

Printed Circuit Cards: The basic logic subassembly is SMS
cards.

Figure 1-5. Electrical and Mechanical Characteristics
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SECTION II

THEORY OF OPERATION

9-1. GENERAL.

2-2. This section contains a functional description of the LVDCME. circuits.

tional descriptions contained in this section are as follows:

1. POWER DISTRIBUTION

a.
.

C.

AC POWER DISTRIBUTION
INTERNAL LVDCME POWER DISTRIBUTION

DC POWER DISTRIBUTION TO COMPUTER INTERFACE

2. LVDCME SUBSIDIARY CIRCUITS

a.

b.

i.

LVDCME TIMING

TRANSLATION CIRCUITS

VOTERS |

DISAGREEMENT ERROR DETECTORS
EXCLUSIVE OR COMPARATORS

BINARY COUNTERS

PARITY DETECTORS

ERROR TEST AND ERROR RESET CIRCUITS

INDICATOR LAMP CIRCUITS

3. CHANNEL-MODULE-SWITCHING

4. MEMORY LOADER/DATA DISPLAY

5. INTERFACE EXERCISER

6. SELF CHECK

7. COMPUTER CONTROL

AThe func-
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2-3. In describing the functions listed, simplified diagrams and timing charts are pre- .
sented to familiarize the reader with the equipment, Detailed drawings are provided in
Section X; reference to these drawings is made as necessary.

2-4, Negative logic is used throughout the LVDCME, A "1" is represented by a negative
voltage level (-6 VDC or -12 VDC) and a "0" is represented by ground potential. An in-
put to an "AND" or an inverter circuit that is floating, is interpreted asa "1". A "Q"
output prevails when "OR'", "AND" or inverter circuit outputs are '""ORed" together.

2-5. POWER DISTRIBUTION.

2-6. AC POWER DISTRIBUTION. (See figure 10-4.)

2-7, Primary power (3-phase, 60 cycle AC) is applied to connector 01B11J01. Each
phase is applied through circuit breaker 01B5CB4 to movable contacts of relay 01B5K3.
Phase A is also connected to the primary of transformer 01B5T1 whose secondary ap-
plies 24 volts to receptacle 02A3J23. This voltage is returned externally to the E, O.
PWR CONT point (upper left hand corner of drawing) and routed through interlocks, nor-
mally closed contacts of POWER OFF switch 01A1S6 and normally closed contacts of
relay 01B5K3 to POWER OFF lamps 01A1DS6. This action causes the POWER OFF
‘lamp to light. '

2-8. When POWER ON switch 01A1S7 is pressed, relay 01B5K3 picks and holds through
its own contacts. The following occurs:

1., POWER OFF lamps 01A1DS6 go out.

2. POWER ON lamps 01A1DS7 light.
3. Primary power is routed through normally open contacts of relay 01B5K3 to fan
motors, DC power supplies, and¢A, ¢B, ¢ C, and FAN lamps 01A1DS5.

NOTE

Phases are distributed as follows:

Phase A -12 V power supply (computer
‘exerciser)

+12 V power supply (module
switching)

¢A lamp 01A1DS5
Phase B All fan motors

+6 V power supply (module
switching)

+20 V power supply (com-
puter)
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. NOTE (cont)

b4
s

+12V pbwer supply (c‘om-
puter)

+6 V power supply (cor_nputer)

-3 V power supply (computer)

$B and FAN lamps 01A1DS5

Phase C  +12 V power supply (com-
puter exerciser)

-26.5 V power supply (com-
- puter exerciser) .

-6 V power supply (corhputer
exerciser)

Tape reader

¢ C lamp 01A1DS5
2~-9. When POWER OFF switch 01A1S6 is pressed,_ 24 vdlts, from the interibcks, is
disconnected from the remainder of the circuit, and relay 01B5K3 drops, removing
primary power from fans and all AC receptacles. The following occurs:
1. POWER ON lamp 01A1DST7 goes out.
2. $A, $B, $C, and FAN lamps 01A1DS5 lamps go out.
3. POWER OFF lamp 01A1DS6 lights (when POWER OFF switch 01A1S6 is released).
2-10. INTERNAL LVDCME DC POWER DISTRIBUTION. (See figures 10-v5,a'.'vr'1d 10-6.)
2-11; Power distribution paths within the LVDCME are controlled by rélays and switches,
and the paths vary when the relay and switch contacts are transferred. The subsequent

description covers the initial conditions and voltage sequencing during LVDCME power-
on and power-off operations.

NOTE

Prefix all abbreviated reference designa-
tions with 01A9,
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2-12. Initially all relays are de-energized and -26. 5 volts is available at contact C of
ACME POWER-SEQ ON switch 01A1S4. ACME POWER-SEQ OFF lamps 01A1DS3 are
lit, and ACME POWER-SEQ ON lamps 01A1DS4 are not lit. When ACME POWER-SEQ
ON switch 01A1S4 is pressed, relay K11 picks, and power supply voltages pick the fol-
lowing relays through normally open contacts of relay K11 (figure 10-6):

Power Supply K11 Contact Relay Picked
-12V D K8
+12 'V B " K9
-6V C K16

2-13. Relays K2, K3 and K10 pick through normally open contacts of K9, and relay K13
picks through normally open contacts of relay K10 removing energizing voltage from
ACME POWER-SEQ OFF lamps 01A1DS3. All relays picked thus far hold through the
interlocks formed by normally open contacts of relays K13, K8, K16, K9 and K10. The
ACME POWER-SEQ ON switch 01A1S4 may now be released without affecting the power-
_ on sequencing.

2-14. When relay K13 picks energizing voltage is applied through its normally open con-

tacts to one-second time-delay relay K17. After one second, relay K17 picks and applies

a ground to the coil of relay K1. Relay Kl picks and holds through its own contacts and

disconnects the ground return for relay K17 causing K17 to drop. Energizing voltage is

applied through normally open contacts of relay K1, and normally closed contacts of

relays K17 and K14 to relay K12 and ACME POWER-SEQ ON lamps 01A1DS4. When

relay K12 picks, a ground level (OPER) is applied to LVDCME logic circuits andthe power- .
on sequence is complete. '

2-15, When ACME POWER-SEQ OFF switch 01A1S3 is pressed, the power-off sequence
begins. Energizing voltage is applied to relay K14 and one-second time-delay relay K14
through normally closed contacts of relay 02A8K13. Relay K14 picks, holds through its
own contacts and provides energizing voltage to relay K4 when switch 01A183 is released..
When relay K14 picks, relay K12 drops and removes OPER from LVDCME logic cir-
cuits. After one second, relay K4 picks and de-energizes relay K11, When relay K11
drops, all relays except K4 drop. (ACME POWER-SEQ ON lamp 01A1DS4 goes out when
relay K1 drops; ACME POWER-SEQ OFF lamp 01A1DS3 lights when relay K13 drops. )
When the heating element in relay K4 cools, K4 contacts open and the power-off sequence
is complete. :

2-16. DC POWER DISTRIBUTION TO THE COMPUTER INTERFACE. (See figures
10-5, 10-7 and 10-8.)

2-17. The subsequent description covers the initial conditions and voltage sequencing
of the DC power distribution during computer power-on and power- off operations.

NOTE

Prefix all abbreviated reference designa-
tions with 02A8.
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2-18, Initially all relays in gate 02A8 are de-energized with the exception of relay K40
which is picked by -26.5 V from the Launch Vehicle Data Adapter Manual Exerciser
(LVDAME) or Temperature Modulator interlock, The COMP POWER-SEQ OFF lamps
01A1DS1 are lit, and COMP POWER-SEQ ON lamps 01A1DS2 are not lit. When COMP
POWER-SEQ ON switch 01A182 is pressed -26.5 V is applies through normally open
relay K40 contacts to relay K36. Relay K36 picks and allows power supply voltages to
pick interlock relays K29, K26, K28, K15, K31 and K30 (figures 10-7 and 10-8). Power
relays K23, K33 and K39 pick through the interlock formed by the normally open con-
tacts of the interlock relays. Voltages are fed through contacts to the computer inter-
face as follows: . : '

Voltage Relay Contacts -
+6 V K33 _ - Band C
A2V K33 D
+20V K23 A
-3V K33 A
+12V (MS)b' K39 Aand B |
| | 46V (MS) K39 C and D

2-19. The memory interlock relays (K27, K12, K18 and K32) are picked by the power
supply voltages. These relays prevent further power sequencing unless each DC power
supply voltage (+6, +12, +20 and -3 volts) appears at the interface.

2-20. Relay K13 picks through normally open contacts K32- B and holds through its own
- contacts., Contacts K13-A by-pass switch 01A182 so that all relays energized thus far
will remain energized when switch 01A1S2 is released. Contacts K13-B remove the
ground return for COMP POWER-SEQ OFF lamps 01A1DS1,

2-21. Interlock relay K37 picks through the interlock formed by relay contacts K32-A,
K12-A, K18-A and K27-A. Normally open relay K37 contacts switch power supply
sense lines for remote sensing. Interlock relays K35 and K38 pick through normally
closed contacts of relay K11 and normally open contacts of relay K37. As normally
closed relay K35 contacts open, local sensing lines are disconnected from the power
supplies. When relay K37 picks, energizing voltage is applied (through normally closed
relay K6 contacts) to one-second time-delay relay K1 and two-second time-delay relay
K2. The normally open relay K1 contacts close after 1/5 second and provide a ground
return for relay K7 which picks and holds through its own contacts. +20 V is applied

to the computer memory through normally closed relay K1 contacts and current limiting
resistors R1 and R2. When relay K7 picks, energizing voltage is removed from relay
K1 which drops in approximately 4/5 second. Relays K2 and K8 control each other in
the same manner that relays K1 and K7 controlled each other except that the total time
delay of K2 is two seconds. When relay K2 drops energizing voltage is applied (through
normally closed relay K2 contacts and normally open relay K8 contacts) to the coils of
relays K14 and K24, Normally open K14-C contacts and normally closed relay K9 con-
tacts shunt current limiting resistors R1 and R2 and allow +20 V to be applied directly
to the computer memory. Normally open relay K24- A contacts provide the remote
sensing path for the +20 V power supply
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2-22. Relay K19 picks through normally open relay K14 contacts and normally closed ‘
relay K17 contacts, and relay K22 picks through contacts of relays K19 and K16. The

opening of normally closed K19 contacts disconnect the local sense line for the +20 V

power supply. When relay K22 picks, the PWR HLT (power halt) ground level is re-

moved from computer logic circuits, and energizing voltage is applied to COMP POWER-

SEQ ON lamps 01A1DS2, This completes the power-on sequence.

2-23. When COMP POWER-SEQ OFF switch 01A1S1 is pressed, the power-off sequence
starts. Energizing voltage is applied to relay K16 which picks and holds through its own
contacts. When relay K16 picks, contacts K16-B remove energizing voltage from relay
K22, The COMP POWER-SEQ ON lamps 01A1DS2 go out, and the PWR HLT ground
level is applied to the computer logic circuits. When switch 01A181 is pressed, voltage
is also applied to one-second time delay relay K20. After one second, relay K20 picks
and applies energizing voltage to relay K17, one-second time-delay relay K6 and five-
second time-delay relay K5. When relay K17 picks, relay K19 drops and restores local
sensing to the +20 V power supply. Open relay contacts K17-A also cause relay K9 to
drop.

2-24, When relay K6 picks (after one-second delay), the following relays drop due to
the opening of contacts K6-A: K7, K8, K14 and K24. One second after relay K6 picks,
relay K5 picks and provides a ground return for relay K11, Relay K11 picks and holds
through its own contacts and removes the ground return from relay K5 which drops in
approximately four seconds. When relay K11 picks, the energizing voltage for relays
K35 and K38 is removed, and the two relays drop. When relays K35 and K38 drop, local
sensing is restored to power supplies +12 MS, +6 MS, -3 V, +6 COMP and +12 COMP.

2-25, When relay K14 drops, energizing voltage is applied (through normally closed
contacts K14-B) to five- second time-delay relay K4 and two-second time-delay relay
K21, After 2/5 second, relay K21 picks; after one second K4 picks. Normally open
contacts of relay K21 provide a discharge path for computer memory capacitors. Relay
K4 provides a ground return for relay K10 which picks and holds through its own contacts.
Relay K10 removes the energizing voltage from relay K4 whose normally open contacts
remove the energizing voltage from relay K13. Normally closed contacts K13-A re-
‘move the energizing voltage from relays K36 and K16 which, in turn, drop all energized
relays except K40,

2-26. Computer power is also sequenced off if ACME POWER-SEQ OFF switch 01A1S3
is pressed. Contacts K13-D (normally open) provide the alternate means of starting the
computer power-off sequence.

2-27. LVDCME SUBSIDIARY CIRCUITS.

2-28. Subsidiary circuits are those which are related to more than one LVDCME func-
tion. These circuits are necessary to the operation of the LVDCME and are categorized
as such only to prevent repetitious explanations,

2-29. LVDCME TIMING.

2-30. The timing circuits provide LVDCME logic with negative timing gates synchro-

nized with the positive computer timing gates, The clock generator receives the voted

computer W clock and generates four clocks (NCPW, NCPX, NCPY, and NCPZ). The

bit gate generator uses NCPW to generate 14 bit gates (NBG1 through NBG14)., Similarly,

the phase generator uses NBGI1 to generate three phase gates (NPHA, NPHB, and NPHC).

Figure 2-1 shows the timing relation between the various timing gates. The sync con- .
trol circuit maintains synchronization between the outputs of the bit gate and phase

II1-2-6
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generators in the LVDCME and computer. The sync error detectors monitor synchro- .
nization between LVDCME and computer phase B and ACME and computer gate 5 and
lights a lamp is synchronization is lost.

2-31, CLOCK GENERATOR. The clock generator is shown in simplified form on fig-
ure 2-2. The voted W clock (PTGY) is delayed a total of two clock times by DLY 1 and
DLY 2. The delayed W clock triggers SS 1 which produces the Y clock pulse (NCPY).

TATWDA
p1cy[ pLY DLY $s
— —
TA3WDA —
L DDCPW
I PTGW DsLY : I -— 525 | NCPW
DDDCPW
DDCPW — I PIGZ D4LY I 53:5 __ NCPZ
" DDDCPW—] | PTGX _DSLY I is L NCPX

Figure 2-2. Clock Generator

2-32. After being delayed by DLY 1, PTGY is again delayed by DLY 3. (The total delay
‘of DLY 1 and DLY 3 is four clock times.) Single-shot SS 2 is triggered and NCPW is
generated. Note that NCPW is generated by the preceding computer W clock.

2-33. The pulse that triggered SS 1 (DDCPW) is inverted and delayed one clock time by
DLY 4 to produce NCPZ, Similarly the pulse that triggered SS 2 (DDDCPW) is inverted
and delayed one clock time by DLY 5 to produce NCPX.

- 2-34. BIT GENERATOR. The bit generator consists of a shift register control circuit,
a seven-bit shift register, and a bit decoding circuit. The shift register control circuit
prevents the contents of the shift register from rippling through when it is stepped.

2-35. Figure 2-3 is a diagram of the shift register control circuit which is comprised

of a pair of latches interconnected to form a binary counter, Latch L2 stores the con-
figuration of latch L1 during a Y clock. The outputs of latch L2 are applied to -1I0's which
subsequently complement latch L1 during the following W clock. Outputs W AND A and

W AND A NOT occur during alternate W clocks.

II1-2-8
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Figui‘e 2-3. Bit-Gate Shift Register Control Circuit

.2-36. The bit generator shift register is a latch register that changes configuration
every bit time under control of W AND A and W AND A NOT. Seven outputs (Gl through
G7) change states as shown on figure 2-4, The bit decoder is a matrix that generates
14 bit gates that correspond to the times that two successive shift register outputs are in
opposite states. For instance, NBG1 is generated when G2 =1 and G1 = 0,

2-37. PHASE GENERATOR. The phase generator (figure 2-5) consists of two tratches
that are interconnected so that outputs NPHA, NPHB, and NPHC occur at the same. times
(respectively) that computer phases PA, PB, and PC occur, The outputs of tratch 1 are
changed during Y time of BG14; the outputs of tratch 2 are changed during W time of
BG1. :

2-38, SYNC CONTROL. The sync control consists of a single-shot that generates a
pulse at the beginning of each computer phase B (NPB). This pulse is sent to the bit
gate generator where it sets the control circuit and shift register to states that corre-
spond to BGl. The sync pulse is also sent to-the phase generator where it sets NPHB
to a '"1'". The sync control therefore maintains synchronization between the computer
and LVDCME timing gates once every three phases.

Im1-2-9
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Figure 2-4. Bit-Gate Shift Register Outputs

2-39. PHASE SYNC AND BIT-GATE SYNC ERROR DETECTORS. The phase sync error
detector is a single stage comparator that compares NPHB with NPB at Z clock time.
Errors are stored in a latch that causes the sync error indicator (SYNC) to light. The
bit-gate sync error detector is another single stage comparator that compares G5 and
NG5 at Z clock time. Errors are stored in a latch that also causes the sync error indi-
cator to light.

2-40., TRANSLATION CIRCUITS,

2-41, Most computer signals that appear at the computer- LVDCME interface must be
translated from positive logic levels to negative logic levels. This is accomplished by
translation circuits which change +6 V signals to -6 V signals and leave 0 V signals un-
changed. Conversely, LVDCME signals that go to the computer must be translated into
positive logic levels for use in the computer. Generally, LVDCME signals are named
the same as their computer counterparts except that they are prefixed with T or N to
indicate their translated or negative logic nature.

2-42., VOTERS.

2-43. All triple modular redundant (TMR) inputs to the LVDCME go to voters. Each
voter provides a single output that corresponds to the majority of inputs to the voter,
Figure 2-6 is a simplified diagram of a typical voter in which inputs Al, A2, and A3 are
used to generate a single output (NA), If two or more inputs are "1's', NA is a "1"; if
two or more inputs are ""0's", NA is a "0".

2-44., DISAGREEMENT ERROR DETECTORS.
2-45, All TMR inputs to the LVDCME go to disagreement error detectors. These error
detectors continuously sense for disagreement between corresponding signals from the

three computer channels, If a disagreement exists, an error signal is generated which
subsequently lights a lamp that indicates which signal and channel is at fault.

ImI-2-10
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A0 1 —NA

A2 —1—o- _l
-AO

A3—e

-AO |

Figure 2-6. Typical LVDCME Voter

2-46, The disagreement error detector works on the principle that if one signal in a

TMR trio differs from the other two, it must match the inverses of the other two. Fig-

ure 2-7 is a simplified diagram of a typical disagreement -error detector in which inputs

- Al, A2, and A3 (and their inverses) are compared. Each signal is compared (in a - AQ)
with the inverses of the remaining signals, and the inverse of each signal is compared

with the remaining signals. If agreement between A1, A2, and A3 does not exist, a ""1"

will appear at the disagreement error output that corresponds to the faulty signal,

2-47. EXCLUSIVE OR COMPARATORS.

2-48., The LVDCME contains many exclusive OR comparators that compare correspond- ‘
ing data from two sources. Figure 2-8 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).

2-49, I a compare exists, the input to each A0 will be unlike, and the output of each
AO 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 AQ's will have two
"1'" ipputs. This will result in a "0'" on the COMPARE line and a ''1'"" on the COMPARE
NOT line.

2-50. Two additional A0's are required to compare each additional pair of inputs, A
single stage comparator is used to compare serial data from two sources.

2-51, BINARY COUNTERS.

2-52. The LVDCME contains many binary counters which are alternately set or cleared
every timethe signal they are monitoring changes from a "0 to a ""1'"". Figure 2-9 shows
a typical binary counter which is monitoring signal B and controlled by signal A,

2-53. The control latch stores the configuration of the output latch providing A is a ""1",
The output latch is then alternately set or reset every time Bgoes 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 out-
put latch set or reset input,
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Figure 2-7. Typical LVDCME Disagreement Error Detector
2-54, PARITY DETECTORS

2-55. The LVDCME contalns several parity detectors that are used for pamty bit gen-
eration and parity error detection, These parity detectors detect the number of "1's"
. contained in the information feedmg them (see figure 2-10).

2-56. When either, none, or 2, or four of the inputs A, B, C, and D are "'1's" the out-
puts of OR circuits 1 and 2 are the same value. Therefore one of the inputs to OR cir-
cuit 3 is a ""1'"" and the EVEN and ODD outputs are respectively a "'1'"" and "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

v respect1ve1y N .

2-57. ERROR TEST AND ERROR RESET CIRCUITS. "~
2-58. The error test and error reset circuits generate four signals (ERR TEST and

ERR RST and their inverses). The error latches are all set when ERR TEST is a "1"
and are all reset when ERR RST is a "1"". .
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Figure 2-9. Typical Binary Counter

2-59. 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 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-

00110,
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Figure 2-10, Typical Parity Detector
2-60. INDICATOR LAMP CIRCUITS.

.2-61. -;The LVDCME 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.

2-62, A lamp associated with a latch is connected in the collector-circuit of an indicator
driver. The lamp is lighted by a "1" input into the indicator driver Wthh is fed by the
set or reset of a latch. .

2-63. The.lamps on the MEMORY LOAD AND DATA DISPLAY, TAPE READER.AND

MODE CONTROL, and INTERFACE EXERCISER panels are lighted when the LAMP

~ TEST pushbuttons on these panels are.in the LAMP TEST position. This applies ground
to the lamps or to the base of the transistor in the indicator driver. :

9-64. CHANNEL-MODULE SWITCHING.

2-65. The channel and module switching feature of the LVDCME is used to force the |
seven computer modules to operate on only one of their three TMR channels. To select
a channel, the LVDCME disables the remaining channels by setting one voter input to
0" and the other voter input to "1'"". (Refer to manual portion of figure 2-11.)

2-66. Flgure 2-12 shows a typlcal computer Voter group and its input circuits. . Nor-
mally, inputs Al, A2, and A3 and outputs CH1l, CH2, and CH3 are alike (all zeroes or
all ones); points A B and C are connected to +6 MS and points D, E, and F are con--
nected to +12 MS. To select:-channel 1, input A2 and A3 must be set to ""1", input E must
be set to "'0"" and input F must be.set. to "1, Inputs E and F could be reversed Qutputs
CH1, CH2, and CH3 will now correspond to 1nput Al, .
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MANUAL AUTO
CHANNEL - CHANNEL
CIO CODE
1 2 -3 ) 1 2 3
X 0 1 056 X 0 1
X 1 0 062 X 1 0
| 0 X 1 066 0 X 1
1 X 0 072 1 b 0
0 1 X 076 1 0 x
1 0 X 102 0 1 X
X X x (TMR) 022 X x |x (TMR)
Note: x - denotes selected channel.

Figure 2-11, Channel Switching Selections

2-67. A voter input may be set to '"1'" by grounding the corresponding latch-back supply
point (A, B, or C). A voter input may be set to ""0'" by grounding the +12 MS supply ‘
point (D, E, or F). The two methods of selecting each channel are listed in figure 2-13.

(See figure 2-12,) ' :

2-68. The computer may be operated in any one of the following modes: (1) single
channel (channel switching), (2) all channel, or (3) mixed channel (module switching).
In single channel operation, the same channel is selected in each of the seven modules;
in all channel operation (normal mode when channel- module switching is not used) all
channels are selected; in mixed channel operation, any channel in each of the seven
modules may be selected.

2-69. The LVDCME circuit that controls channel and module switching is shown in
simplified form on figure 2-14. The mode- of operation (channel or module switching)
is selected by alternate action switch CHANNEL/MODULE (02A2S36).

2-70. CHANNEL SWITCHING. In the manual mode when HALT is activated, and when
the CHANNEL/MODULE switch is in the CHANNEL position, the switch contacts allow
the three channel selection switches to control computer channel selection. The switch
contacts also allow picking of relay 01B8K02 which controls the CHANNEL/MODULE
lamp, and puts module selection lamps in a known state (MODULE 1 through 7, CHAN-
NEL 1 (ggg;(l) lamps light.) The logic connected to the channel selection switches
maintain channel selection after the switches are released, and provide for the alternate
- method of selecting each channel (refer to paragraph 2-66). The logic also includes the
relay drivers for energizing the 35 channel-module selection relays. The relays that
are energized when the channel selection switches are pressed are listed in figure 2-15,
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Channel Inputs on Figure 2-12 Configuration-
Being of Other
Selected A B C - D E F Channels
+6 MS | GRD |GRD +12 MS|+12 MS| GRD CH2=0
N CH3-=1
CH1
+6 MS [GRD |GRD +12 MS|GRD |+12 MS CH2=1
: ' CH3=0
GRD |[+6 MS |GRD +12 MS|+12 MS| GRD CH1=0
CH3=1
CH2 _
GRD |+6 MS |GRD GRD |+12 MS|+12 MS CHl1=1
' ‘ CH3=0
GRD |GRD |(+6 MS |+12 MS{GRD |[+12 MS CH2=0
CH1=1
CH3
GRD |GRD |+6 MS |{GRD |+12 MS|+12 MS CH2=1
CH1=0

Figure 2-13. Channel Selection Methods

Note that there are two ways of selecting each channel and therefore two combinations of

CH2=0 )or when

energized relays. For example, CHANNEL 1 can be selected when (CH3=1

CH2=1\ _
CH3=0/ .

2-T1. One set of relay contacts grounds the +12 MS supply points in one channel of all
seven computer modules, and applies +12 MS to the remaining two channels. Another
set of contacts apply +6 MS to one channel of all modules, and applies GRD to the re-
maining two channels. Figure 2-13 lists the proper voltage conditions for correct chan-
nel selection. An ILLEGAL PATH error will exist if the combinations of energized
relays is such that the above conditions are not met. A third set of contacts provide a
ground return for one of the six channel indicator lamps. Two more sets of contacts
provide paths for energizing 7 of the 42 CHANNEL-MODULE lamps. The lamps that
light correspond to the channel indicator lamp that is lit, For instance, if the CH2
(gg;;g) lamp is lit, then the CHANNEL 2 (gg;;?
also lit.

) lamps for all seven modules are

2-72, When the ALL switch is pressed, the logic associated with this switch picks and
holds relay 01B8KOl1. The normally open 01B8KO01 contacts apply +6 MS to those lines
that were grounded when the LVDCME was in the single channel mode. When relay
01B8KO1 picks, it removes the GRD from the CHANNEL-MODULE lamps and also re-
moves the ground return from the channel indicator lamps.

II1-2-18



-26 I5v.

CHANNEL LOGIC COILS
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I .
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—12v o—s{ LAMPS e ' '
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T
, ]
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|
I
CHANNEL-MODULE GRDo—|
LAMPS . CONTACTS
00.04.18.0

Figure 2-14. Channel/Module Switching Circuits

TMR PORTION
OF ASGC

7 LINES (CHANNEL 1)
7 LINES (CHANNEL 2)
7 LINES (CHANNEL 3)
7 LINES (CHANNEL 1)

7 LINES (CHANNEL 2)

7 LINES (CHANNEL 3)
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Switch Relays Picked (01B8 —)

CH1 | K05, K07, K10, K12, K15, K17, K20, K22, K25,
K27, K30, K32, K35, and K37, 0r K05, K06, K10,
K11, K15, K16, K20, K21, K25, K26, K30, K31,

K35 and K36

CH2 | K04, K06, KO7, K09, K11, K12, K14, K16, K17,
K19, K21, K22, K24, K26, K27, K29, K31, K32,
K34, K36, and K37, or K4, K5, K6, K9, K10, Kil,
K14, K15, K16, K19, K20, K21, K24, K25, K26,

K29, K30, K31, K34, K35 and K36

CH3 | K03, K06, K07, K08, K11, K12, K13, K16, K17,

K18, K21, K22, K23, K26, K27, K28, K31, K32,

K33, K36, and K37;0r K03, K05, K07, K08, K10,
K12, K13, K15, K17, K18, K20, K22, K23, K25,

K27, K28, K30, K32, K33, K35 and K37

Figure 2- 15, Channel Selection Relay Table

2-73. In the automatic mode, the LVDCME is capable of accepting channel switching
commands from the PTC. After a computer HALT is applied, CIO commands select
channels as shown in figure 2-11,

2-74. MODULE SWITCHING. When HALT is applied and the CHANNEL/MODULE

switch is in the MODULE position, its contacts allow the 21 CHANNEL-MODULE switches
to control channel selection in each of the computer modules. Figure 2-16 lists the
relays that are picked as each of the CHANNEL-MODULE switches are pressed. Any
other combination of relays picked for a particular MODULE selection will cause an
ILLEGAL PATH error.

2-75. MEMORY LOADER/DATA DISPLAY.

2-76. The Memory Loader/Data Display contains the circuits necessary to perform the

memory load - memory verify and data display functions (see figure 10-30 sheet 3). 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 sepa-

rately only one circuit description is included. ‘
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Relays Picked
Channel-Module :
: - Initial Alternate
CH1 MOD1 K05, K07 K05, K06
CH2 MODI K04, K06, K07 K04, K05, K06
CH3 MODI K03, K06, K07 | K03, K05, K07
CH1 MOD2 K10, K12 K10, K11
CH2 MOD2 K09, K11, K12 K09, K10, K11
CH3 MOD2 K08, K11, K12 | K08, K10, K12
CH1 MOD3 K15, K17 K15, K16
CH2 MOD3 K14, K16, K17 | K14, K15, K16
CH3 MOD3 K13, K16, K17 K13, K15, K17
CH1 MOD4 K20, K22 K20, K21 -
CH2 MOD4 K19, K21, K22 K19, K20, K21
CH3 MOD4 K18, K21, K22 K18, K20, K22
. CHI1 MOD5 K25, K27 K25, K26
CH2 MOD5 K24, K26, K27 K24, K25, K26
CH3 MOD5 K23, K26, K27 K23, K25, K27
CH1 MOD6 K30, K32 K30, K31
CH2 MOD6 K29, K31, K32 K29, K30, K31
CH3 MODS6 K28, K31, K32 K28, K30, K32
CH1 MOD7 K35, K37 K35, K36
CH2 MOD7 K34, K36, K37 K34, K35, K36
CH3 MOD7 K33, K36, K37 K33, K35, K37

Figure 2-16. Relays Picked for Module Selection
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2-77. MEMORY LOAD - MEMORY VERIFY.

2-78. The memory load - memory verify function is selected when the ML/DD push-
button is in the ML position. The computer memory is loaded and/or verified when this
function is selected. The contents of the tape reader register and the display registers
are displayed by corresponding COMMAND and COMPUTER lamps respectively. These
lamps are used in conjunction 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.

2-79. TAPE READER CONTROL. The tape reader is controlled by the TAPE READER
CONTROL and AUTO/MANUAL pushbuttons. The PWR ON/PWR OFF pushbutton turns
the tape reader power on or off, The direction of tape flow is controlled by the FOR-
WARD/REVERSE pushbutton (FORWARD is a clockwise flow and REVERSE is a counter-
- clockwise 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 op-
erated in the AUTO or MANUAL mode.
2-80. 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),

2-81. 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 portion of the
tape is under the tape reader read head the tape advances one word every time the MAN-
- UAL ADVANCE TAPE pushbutton is pressed.

2-82. TAPE READER REGISTER LOADING. The tape reader register can be loaded
with information generated automatically by the tape reader or manually with switches.

2-83. 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 2-17). 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.

2-84, 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 Bl 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 lll!sﬂ. ) ‘
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(PARITY CHANNEL) - ‘ Channel 8
(SEQUENCE CHANNEL) AlWayS | opannel 7

A One

N SYLL
Dst |mm3|0A9| 0A3 | B3 B9 |Bis|B21 | SO Channel 6
ps2 | op1 | 0as| oa2 | B4|B10|B16]| B22 TA‘;‘DR Channel 5
ps3 | opz | 0a7| oa1 | B5|B11 [B17] B23 'TAQDR Channel 4
Sprocket '
| Holes

ps4 | op3 | oas!| sioN| B6- B12 | B18 | B24 TA‘S*DR Channel 3
MM1 | OP4 | 0A5| Bl | B7|B13|B19|B25 | TAHPR| Channel 2

| DUP 1 syLo| TAADR
MMz | Doy (OA¢| B2 | B8|B14|B20| O ADR| Channel 1

1 2 3 4 5 6 7 8 ° 9  Tape Character

Note: The tape address bits (TAADR 1 through TAADR 5) are used for auto-
: matic control of the tape reader and data transfer control circuits.

Figure 2-17, Membry Load and Verify Tape Format

2-85. 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 char-
acter 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.

2-86. 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 comple-
ment the value stored in-the corresponding position of the tape reader register. Thesé
positions of the tape reader register are also cleared when the COMMAND DISPLAY
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.
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2-87. DATA TRANSFER. The data address and data information stored in the tape
reader register is serialized at the computer timing rate. This information is then sent
to the computer 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.

2-88. The computer after receiving the data address information sends this information
back to the Memory Loader. Correct data address transfer is then substantiated by

. comparing the data address information generated by the Memory Loader with the data
address information received from the computer. The current computer sector, syllable,
module, duplex, OP code, and operand address bit values contained in the data address
information are stored in corresponding display register positions.

2-89. During a load operation (OP code 1011) the data information is sent to the com-
puter and loaded into the memory location specified by the sector, syllable, module,
duplex and operand address bit values. During a verify operation (OP code 1111) the
data information contained in the memory location specified by the sector, syllable,
module, duplex 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 address information received from the computer. The current
computer data bit values contained in the data address information are stored in cor-
responding data display shift register positions.

2-90., Data transfer occurs in either the AUTO or MANUAL mode. These two modes of
transferring data are discussed in the following paragraphs.

2-91, Automatic Data Transfer. Inthe AUTO mode data is continuously sent to the com-
puter 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 com-
puter timing rate, six computer operation cycles (cycle 0 through cycle 5) are required
to complete one load or verify operation,

2-92. The tape reader register is loaded during cycles 0 and 1. During phase A of
cycle 2 the serial parity check is performed. Data address information is sent to the
computer on the DIN line (TMR) during cycles 2 and 3. The sector, syllable, and mod-
ule bit values are transferred during phase B of cycle 2. The OP code and operand
address bit values are transferred during phase C of cycle 2 and phase A of cycle 3.

2-93. Data address information is serially transferred from the computer to the Memory
Loader on the TRS and HOPC1 lines (TMR) and parallel transferred on the OP1 through
OP4 and Al through A9 lines (TMR). Sector, syllable, duplex and module bit values

are serially gatedintothe sector- syllable - module shift register. This data is then
parallel transferred to the sector- syllable- module buffer register and from there
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parallel transferred to the sector- syllable-module display register.” OP code and
operand address bit values are parallel transferred into the address shift register and
from there parallel transferred to the instruction dlsplay register.

2~ 94 Correct data address transfer to the computer is substantiated during cycles 2
and 3 by performing two compares., Sector, syllable, duplex and module bit values
appearing on the DIN line are compared with corresponding bit values appearing on the .
TRS line during phase C of cycle 2. OP code and operand address bit values stored in
the tape reader register are compared with corresponding bit values received from the
computer 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 shift, buffer,
and display registers. - : .

2-95. Data information is sent to the computer on the DIN line during a load operation.
Data bit values 12 through 25 are transferred during phase B of cycle 3 and data bit
values SIGN and 1 through 11 are transferred during phase C of cycle 3. During a verify
opération data information is received from the computer on the TRS and AI3 lines. The
data bit values appearing on the TRS line are serially gated into the data display shift
register during phases B and C of cycle 3 and phase A of cycle 4. Data bit values appear-
_ing on the AI3 line are serially gated into the data display sh1ft register during phases -
B and C of cycle 4 and phase A of cycle 5.

2-96. A correct memory load is verified by performing three compares during cycles
3, 4, and 5. The data bit values appearing on the DIN line are compared with the data
bit values appearing on the TRS line during phases B and C of cycle 3 and phase A 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 phases B and C of cycle 4 and phase A 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 computer memory circuits,

2-97. A correct transfer of data into the data display shift register is substantiated by
performing one compare. The data bit values appearing on the DIN line are compared
w1th the data bit values appearing on the serial output of the data display shift register.

2- 98 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 AD-
DRESS COMPUTER pushbutton is pressed. When a load operation is selected the data

" information is loaded into the computer memory and then the memory load is automatically

verified,. :

2-99. 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.

2-100. The timing for the transfer of data address and data information between the
Memory Loader and the computer is the same as in the AUTO mode. The compares
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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2-101. DATA DISPLAY.

2-102. The data display function is selected in the MANUAL mode when the ML/DD
pushbutton is in the DD position. When this function is selected, computer data asso-
ciated with a data address or instruction address can be monitored. The data display
function is divided into two operations as follows:

1. Tape reader register loading.
2. Data selection and storage.

2-103. TAPE READER REGISTER LOADING. The tape reader register is loaded with
information generated by the INSTRUCTION ADDRESS or DATA ADDRESS pushbuttons.
The instruction address and data address positions of the tape reader register are dis-
played by corresponding COMMAND lamps. These positions are cleared when the COM-
MAND DISPLAY RESET pushbutton is actuated. Pressing an INSTRUCTION ADDRESS
or DATA ADDRESS pushbutton complements the value stored in the correspondlng posi-
tion of the tape reader register.

. 2-104. DATA SELECTION AND STORAGE. The data selection and storage operation
occurs in either the PRESENT or PAST mode. The PRESENT mode is forced until a
computer single step operation is commanded. When this operation is commanded the
PAST and PRESENT modes are alternately selected everytime the PAST/PRESENT
pushbutton is actuated.

2-105. Present Data Selection and Storage. Inthe PRESENT mode current computer
sector, syllable, duplex, and module bit values appearing on the TRS or AI3 lines (TMR)

are serially gated into the sector- syllable- module shift register (SSMSR). TRS informa-

tion is gated into the SSMSR for computer HOP and CDS instructions. AI3 information
is gated into the SSMSR for any other computer instruction. The contents of the SSMSR
are then parallel transferred into the sector- syllable- module buffer register.

2-106. Current computer OP code and address bit values appearing on the OP1 through
OP4 and Al through A9 lines (TMR) are parallel transferred into the address shift reg-
ister. The address bit values (Al through A8) are transferred during phase A and the
operand address bit values (OP1 through OP4 and OAl through OA9) are transferred
during phase C.

2-107. The data address and instruction address bit values stored in the tape reader
register are then compared with the current computer data address and instruction ad-
dress bit values. An address compare occurs on an instruction address when the AD-
DRESS COMPARE pushbutton is in the INS position. When this pushbutton is in the
DATA position an address compare occurs on the data address.

2-108. An address compare occurs every time the tape reader register and computer
address bit values correspond when the REPEAT/SINGLE pushbutton is in the REPEAT
position. When this pushbutton is in the SINGLE position an address compare occurs the
first time the tape reader register and computer address bit values correspond after

the COMPTR DISPLAY RESET pushbutton is actuated. An address compare also occurs
everytime an advance operation is commanded in the CST mode.

2-109. When an address compare occurs, the contents of the sector-syllable- module
buffer register are parallel transferred to the sectar-syllable- module display register.
Similarly the address and operand address bit values stored in the address shift reg-
ister are parallel transferred into the instruction address display and instruction display
registers respectively,
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2-110. An address compare also serially gates TRS, AI3, MD7, MR1, PRO, HOPC1,
SP1, SP2, RTC, MLC, or SSC information selected by the DISPLAY SELECT switch

- into the data display shift register. AI3-IA information appears in positions sign and 1
through 7. All other information appears in positions sign and 1 through 25.

2-111, The contents of the display regiSters are displayed by the corresponding COM-
PUTER lamps. The display registers are cleared when the COMPTR DISPLAY RESET
pushbutton is actuated. ‘ :

2-112, Past Data Selection and Storage. Inthe PAST mode current computer data
appearing on the TRS and AI3 lines (TMR) is serially gated into the corresponding history
_delay lines, Similarly the associated data and instruction addresses appearing at the
serial outputs of the sector-syllable-module shift and address shift registers are gated
- into the address history delay line. When a computer single step operation is commanded
the contents of the delay lines, information generated during the last 13 computer opera-
tion cycles, are continuously recirculated,

2-113. During a computer multiply or divide operation current computer data appearing
on the MD7, MR1 and PRO lines (TMR) is serially gated into the corresponding history

_ delay lines. - At the completion of the multiply or divide operation the contents of these
delay lines, data generated during the development of the result and the partial products/
quotients of the multiply or divide operation, are continuously recirculated.

2-114, Desired information is then selected with the DISPLAY SELECT and WORD
switches and transferred to the display registers. The information transfer isthe same
as in the PRESENT mode.

2-115, With the DISPLAY SELECT switch in the TRS or either AI3 position, data and
the corresponding instruction and data addresses generated during one of the.last 13
computer cycles is transferred into the display registers. With the WORD switch in the
T position, current information is transferred. When the WORD switch is in position
T-1 through T-12 data generated in one of the 12 computer operation cycles preceding
the current operation cycle is selected. The computer operation cycle selected precedes
the current one by the number appearing after the T. :

2-116, While the DISPLAY SELECT switch is in the MD7, MR1, or PRO position, data
generated during the last multiply/divide operation performed is transferred into the
data display shift register. The instruction and data addresses are invalid and therefore
~ their transfer is inhibited. When the WORD switch is in the T position, data generated
at the time the result was developed is selected. With the WORD switch in positions
T-1 through T-12, data generated at the time one of the partial products/quotients was
developed is selected. The partial product/quotient selected corresponds to the number
appearing after the T.
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2- 117 MEMORY LOADER/DATA DISPLAY CIRCUIT DESCRIPTIONS

2- 118 TAPE READER TIMING AND CONTROL CIRCUITS. The tape reader t1m1ng and
control circuits provide the necessary signals to control the tape reader and to load in-

formation into the tape reader register. The breakdown of the tape reader timing and
control circuits is shown on figure 2-18.

TRACK 1 — TRCHIA

, TRACK 2 R N TRCH2A
TAPE DRIVE LEFT. TRACK 3 ' : - |TRCH3A
READER N TRACK 4 TAPE TRCH4A
START TAPE TRACK 5 READER TRCHSA
sTOP READER READ OUT .
CONTROL ' TRACK 6 I CONTROL TRCH6A

LOGIC DRIVE RIGHT TRACK 7 | LOGIC L*_ SEQ BIT
' TRACK 8 TAP B
FEED. TRACK ' :
—
TRCB1
. TRCB2
: | 1AaPE |- TRCB3
SEQ - . READER. : |
.| AND CLOCK . TAPE TRCB4
* TAPE GEN AND HTREPY READER . - TRCB5
" PARITY : | CHARACTER .
e ERROR - TRCBé
ERROR DETECTOR BIT GEN
DETECTORS | .- | TRCP4 L. } TRCB7
' TRCB8
TRCB?

NOTE: DATA FLOW IS FOR-THE AUTO MODE ONLY,

Figure 2-18. Tape Reader Timing and Control Circuits

2-119. 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-
30, sheets 13 and 14). 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.

2-120. 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 HOH H1H "1"
2 "1" Hll' HOH
3 71171 HOYY R 111"
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The run tratch is forced to-its first state by any one of the following: a STOP signal; a
sequence error (SEQ ERR 2) 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 F and R START signals respectively. When the LVDCME is-in the SELF
CHECK mode and the FREE RUN READER pushbutton is in the FREE RUN READER po-
sition the run tratch logic is bypassed. DRIVE LEFT is now forced to a "0" if the RE-

VERSE mode is selected and DRIVE RIGHT is forced to a ''0" if the FORWARD mode is.
selected.

2-121. The STOP signal is.the set output of a latch (stop latch) which is set-as follows:
1. By pressing the STOP pushbutton.
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 1s in the MANUAL mode and
. the SKIP FIRST latch is reset. el

5. By an error stop reader signal 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 ensures that the tape will advance one word before the stop
latch is set .

2-122. The error stop reader (ESR) signal is normally generated by a parity, timing,
compare or illegal path error, or by a disagreement or voter error when all three TMR
channels are selected. In the self check mode ESR is generated as follows:

1. When voter errors are simultaneously generated‘ by two TMR channels.

2. By a tape address of 00110 in the INVERT ERROR mode when no errors are gener-
ated. -

3. When the 1 pushbutton is in the 1 position.
2-123. The R START signal is generated as follows:

1. By pressing the MANUAL A;DVANCE TAPE ptishbutton when the tape reader is in
the MANUAL REVERSE mode and the TRCP ERR signal is a ""0".

2. By pressing the START pushbutton when the AUTO REVERSE, and ML modes are
selected KWAIN NOT Aisa "1", and the error latches are all reset

3. By an automatlc reverse: start 51gna1 (AUTO R START) generated by an EOP
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 and the TRCP ERR signal is a "0", ,
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2. By pressing the START pushbutton when the AUTO FORWARD, and ML modés 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 are forced
to "0's"".

2-124. 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 ACME 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.

2-125. Tape Reader Clock Generator. The tape reader clock generator generates four

timing pulses (TRCP1, TRCP2, TRCP3, and TRCP4) which are used throughout the tape

. reader control circuitry (see figure 10-30, sheet 7). The tape reader clock generator is
triggered as follows: ' :

~ 1. By the tape sprocket holes, when the tape reader is running. (See figure 2-19 for
timing. )
I-— APPROXIMATELY 2Ms —-|
FEED TRACK* ] ] |

TRCP1 I l | l

TRCP2 | | | I

TRCP3 I l : | |

TRCP4 I l : | I _

- *FEED TRACK IS AN UP LEVEL FOR THE SPROCKET HOLE

Figure 2-19. Tape Reader Clock Pulse 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 tape reader is in the SELF CHECK
and FREE RUN SS modes.
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2-126. 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
10-30, sheet 7). 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 througﬁ 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 duratiop'of the time an INSTRUCTION ADDRESS, DATA ADDRESS, DATA,
or TAPE ADDRESS pushbutton is pressed when the tape reader is stopped in the MAN-
UAL mode, and the tape reader is not in the FREE RUN SS mode.

2-127, Tape Reader Character Bit Generator. The tape reader character bit generator
_generates nine bits (I'RCB1 through TRCBY). (See figure 10-30; sheet 8.) 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.

2-128. Automatic generation of the tape reader character bits occurs when the tape
reader is in the AUTO FORWARD mode, or the tape reader is in the FREE RUN SS mode.
The configuration of 11 control latches determines the tape reader character bit timing.
(See figure 2-20.) The outputs of these control latches are applied to AND circuits to
produce the tape reader character bits. Automatic generation of TRCB9 is also 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.

2-129, 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 MAN—
UAL mode. The tape reader character bit affected will correspond to the tape character
containing the information that the pushbutton is simulating. Each tape reader character
bit is now generated by one of nine latches. 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.

2-130. 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 10-30, sheet 13.) .

2-131. Inthe 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 (a ''0" represents a bit of tape information). 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.

2-132. 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 corres-
ponds to the pushbutton pressed contains a "0".

I11-2-31



TRCP4
TRCP1
LC
LMD
LE
LF
LG
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TRCB2
TRCB3
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TRCB5
TRCB6
TRCB7
TRCB8

TRCB? ]

Figure 2-20. Tape Reader Character Bit Generator Timing

2-133. Sequence Error Detectors. Two sequence errors (SE1 and SE2) are generated if
an error occurs when the tape reader is running forward (see figure 10-30, sheet 7).
SE1 and SE2 are the set outputs of two latches which are set by SEQ BIT and TRCB9 NOT
or SEQ BIT NOT and TRCB9 signals.

2-134. 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 AUTCQ mode and run-
ning forward (see figure 10-30, sheet 46). A tape parity error is generated if an even
number of '"1'" bits are detected. Tape parity errors are stored in a latch which pro-
duces an output TPE ERR NOT.

2-135. MODE SELECTION CIRCUITS. The mode selection circuits generate eight sig-
nals (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 10-30, sheet 14.) The configuration of these signals can only be changed
when the tape reader is stopped.

2-136. Auto and MAN A are the outputs of a latch, which is alternately set or reset

when the AUTO/MANUAL pushbutton is pressed. DD A and ML A and their inverses are
the outputs of another latch which is alternately set or reset when the ML/DD pushbutton
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is pressed and the MANUAL mode is selected. When the AUTO mode is selected DD A
is forced to a "0". The AUTO signal is split into three lines, two of which are routed
through drivers. This is indicated by the letters A, B, and C following AUTO.

2-137. FWD A and RVS A are the outputs of a binary counter which is complemented
everytime the FORWARD/REVERSE pushbutton is pressed. When an AUTO R START
signal is generated the counter is cleared forcing FWD A and RVS A respectively to a
"0" and a H1H. : .

2-138. TAPE READER REGISTER. The tape reader register is a 69 position latch
register that stores input information to the Memory Loader/Data Display (see figure
10-30, sheets 9 through 12). 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,

2-139. Tape information or information generated by the DATA ADDRESS, DATA or
TAPE ADDRESS pushbuttons is stored in 52 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. '

2-140. The remaining 17 positions of the tape reader register are used to store the in-
struction 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 latch assigned 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 reset
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".

2-141. 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 10-30, sheet 46). Figure 2-21 shows the tape reader register parity
detector which consists of four binary counters and a parity detector.

2-142, 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
contains 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.

2-143. In the MANUAL mode the binary counters are initially set when the COMMAND
DISPLAY RESET pushbutton is pressed. Each counter is then complemented every time
one of the group of pushbuttons feeding it is pressed. "A" is also complemented every
time a 755PM signal is generated.
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Figure 2-21. Tape Reader Register Parity Detector

2-144. The outputs of the four binary counters are applied to a parity detector 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"'.

2-145, TAPE READER SERIALIZER. The tape reader serializer receives parallel in-

formation from the tape reader register and transforms this information into serial data
on three lines (see figure 10-30, sheet 16). Data sector and module information appears
on the DSMSO line, instruction information appears on the INSSO line, and data informa-
tion appears on the DTSO line. .

2-146. AThe tape reader régister data is gated fhx:ough the serializer by bit gates. . Fig-
ure 2-22 shows the order in which bits are transferred on the three serializer output
lines. ' o

2-147. The serializer also provides two additional output lines (2BDDTSO and 2BDDTSO
NOT). These signals are the outputs of a three-stage shift register which is fed by DTSO
and DTSO NOT.
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DSMSO INSSO DTSO
PHA | PHB | PHC | PHA | PHB | PHC |PHA| PHB | PHC .
BG1 TROA3 | TROA3 |TROA3 TRB25 | TRB11
BG2 TROA4 | TROA4 | TROA4 TRB24 | TRB10 |
BGS TROA5 | TROA5 |TROAS5 | TRB23 | TRB9
BG4 TROA6 | TROA6 |TROAS TRB22 | TRB8
BG5 TROAT |TROA7 |TROAT TRB21 | TRB7
BG6 | TRDDX |TRDDX | TRDDX|TROAS |TROAS |TROAS TRB20 | TRB6
BG7 |TRDM1 |TRDM1 | TRDM1 | TRB19 | TRB5
BG8 | TRDM2 | TRDM2 | TRDM2|TROP1 |TROP1 |TROPI TRB18 | TRB4
BG9 | TRDM3 | TRDM3 | TRDM3|TROP2 |TROP2 |TROP2 TRB17 | TRB3
BG10 | TRDS1 |TRDS1 |TRDS1 |[TROP3 |TROP3 |TROP3 TRB16 | TRB2
BGl1 | TRDS2 |TRDS2 | TRDS2 |TROP4 |TROP4 |TROP4 TRB15 | TRB1
BG12 | TRDS3 |TRDS3 | TRDS3 |TROA9 |TROA9 |TROAS TRB14 | TRSIGN|
BG13 [ TRDS4 |[TRDS4 |[TRDS4 [TROA1 [TROA1 [TROA1 TRB13
BG4 TROA2 |TROA2 [TROA2 TRB12

Figure 2-22, Tape Reader Serializer Outputs

2-148, 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 10-30, sheet 6.) Figure 2-23 is a block diagram of the serial parity error

detector. .
cycl Y|
BINARY
NPHC A COUNTER COMPARATOR
A .
DSMSO — Y
INSSO OR | EXCLUSIVE
OR AND LATCH
CyCl SERPB CIRCUITS
BINAR SERPB
Y
2
COUNTER cyce
) NBGS
2BDDTSO NPHA A
Figure 2-23. Serial Parity Error Detector
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2-149, 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 bit gate 10 of the preceding cycle 2 time are complemented every bit time
whenever their inputs are "1's', Thus at phase A, bit gate 6 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.

2-150. The outputs of the binary counters are compared and two signals (SPB and SPB
NOT) which should correspond to SER PB and SER PB NOT are generated. These sig-
nals are applied to an exclusive OR comparator and if they do not correspond at phase A
bit gate 6 of cycle 2 a latch is set indicating a serial parity error.

2-151. DATA TRANSFER CONTROL. The data transfer control circuits control the
flow of information between the Memory Loader and the Computer. The data transfer
control circuits consist of the cycle generator, the DIN control circuit, and the manual
. mode control circuits (see figure 10-30, sheet 6).

2-152, Cycle Generator. The cycle generator provides additional timing gates for the
memory load and memory verification operations. Figure 2-24 shows the cycle gener-
ator which cons1sts of a three-stage shift register, a shift control circuit, and a decoding
matrix,

2-153. The shift control circuit provides two shift control gates (ODD and EVEN) that
occur during alternate phase A's, 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:

CYC1 = C1 and C2 NOT
CYC2 = C2and C3 NOT
CYC3 = C1and C3

CYC4 = C1 NOT and C2
CYC5 = C2 NOT and C3
CYCO0 = C1 NOT and C3 NOT

2-154. In the AUTO mode the cycle generator is started if the error latches are all re-
set and a transfer inhibit signal is not generated by the first phase A 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.

2-155. In the MANUAL mode the cycle generator is started by the SRPT NOT signal go-
ing to a ""0", When the Memory Loader is in the REPEAT mode the cycle generator con-

tinues 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 en-
able automatic verification of manually loaded data.
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—w—» CYCI
———» CYC2
——» CYC3
-——» CYC4
L »CYC5
——— CYCO

STCYC

‘CONTROL | ODD SHIFT
CIRCUIT  [EVEN REGISTER

'MATRIX

O'ﬁﬁlﬁﬁ‘ﬁ
wllw ol = —

“PHA:
oDpD
EVEN |
Nl
7 €2
C3
cyct
- cyc2
cYe3
CYC4 ‘
CYC5
CYCco

NOTE: RESTING STATE OF CYCLE GENERATOR IS CYCO = "1"

Figure 2-24. Cycle Generator

2-156, DIN Control Circuit. The DIN control circuit organizes information appearing
on the three serializer oufputs and sends this information to the computer on the three
DIN lines. DSMSO information appears on the DIN lines during phase B of cycle 2,
INSSO and DTSSO information appears on the DIN lines when the TATC and TDTTC gates
respectively are '""1's"". When the Memory Loader is in the REPEAT mode a serial par-
ity error forces the DIN lines to "0's".

2-157. The TATC gate is the output of a latch which is set from phase C, bit gate 8 of
cycle 2 to phase A, bit gate 8 of cycle 3. The TDTTC gate is the output of a latch which
is set from phase B of cycle 3 to phase A of 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.
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2-158. Manual Mode Control Circuits. The manual mode control circuits generate
seven signals (DTRPT, DTRPT NOT, SRPT NOT, 755PM, STROP3, and RTOP3). These ‘
signals control the memory load and ver1f1cat10n operatlons when the Memory Loader is

in the MANUAL mode.

2-159, 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 phase C bit gate 10 of cycle
0 to phase A bit gate 2 of cycle 1 every time the ADDRESS COMPTR pushbutton is
pressed if the error latches are all reset,

2-160. 755PM, STROP3, and RTROPS are the outputs of a tratch. The three configura-
tions of this tratch are as follows:

Configuration = . 755PM STROP3 RTROP3
1 . . "0" : ”0” "0”
2 . Y'l” . 'll” ”0”
3 uln . . ) non nln

The first configuration is forced by every bit gate 12. The tratch is forced to its second
configuration at phase A, bit gate 11 of cycle 5 when the tape reader register contains a
store command. The third configuration is forced only in the REPEAT mode at phase A,
bit gate 10 of cycle 5 when the tape reader register contains a clear and add command.

2-161. TRANSFER CONTROL CIRCUIT. The transfer control circuit controls the trans-
fer of information to the computer, - A transfer inhibit signal is generated (TRANS INH
NOT is forced to a ''0") as follows: '

1. For the duration of taipe 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
pressed and the tape reader is stopped. .

2-162, COMPARE ERROR CIRCUITS. (See figure 10-30, sheets 26, 29, 30, 31, 45,

and 47.) The compare error circuits compare data generated by the Memory Loader with
corresponding data from the computer. Compare errors are stored in 12 latches which
provide outputs CETRS, CEHOPC1, CEBR14, CEAI3, CESSMSC, CESSMDR, CEAOC,
CEINSDR, CEADRSR, CESSMBR, CESER, and CEPAR and their inverses. These latches
are set as follows: '

Latch Set by

CETRS A non compare of 2BDDTSO and NTRS data at any clock
pulse Z when a CTRS signal is generated.

A CESSMBR, CESSMDR, or CESSMSC error during phase

M H
B of cycle 3. .

A CEPAR error.
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Latch

CEHOPC1

CEBRI14

CEAI3

CESSMSC

CESSMDR

CEAOC

CEINSDR

CEADRSR

CESSMBR

CESER

CEPAR

Set by

A CESSMBR, CESSMDR, or CESSMSC error during phase
B of cycle 4,

A non compare of tape reader register syllable 0 or syllable
1 and computer buffer register A or B parity b1ts at bit gate
6 time of cycle 4.

A non compare of 2BDDTSO and NAI3 data at any clock
pulse Z when a CAI3 signal is generated.

A non compare of DSMSO and NHOPC1 data during cycle 3
at any clock pulse X when a SAM signal is generated.

A non compare of DSMSO and NTRS data during cycle 2 at
any clock pulse W when a SAM signal is generated.

A non compare of the data sector-syllable-module tape
reader register bits and the corresponding d1sp1ay register
bits- at phase B bit gate 3 of cycle 3 or 4.

A non compare of the OP code and operand address tape
reader register bits and the corresponding computer OP
code and operand address bits at phase B bit gate 2 of
cycle 3.

A non compare of the OP code and operand address tape
reader register bits and the corresponding display register
bits at phase C bit gate 4 of cycle 3.

A non compare of INSSO data and corresponding address
shift register data at any clock pulse X when a CASO 51gna1
is generated

A non compare of the data sector-syllable-module tape
reader register bits and the corresponding buffer register
bits at phase B bit gate 3 of cycle 3 or 4.

A non compare of 2BDDTSO and NTRS data at any clock

" pulse Z when a CTRS signal is generated.

A non compare of 2BDDTSO and NAI3 data at any clock

~ pulse Z when a CAI3 signal is generated.

A non compare of 2BDDTSO data and corresponding display
register data at any clock pulse Z when a CAI3 signal is
generated .

2-163. COMPARE ERROR CONTROL CIRCUITS. The compare error control circuits
generate four signals (CTRS, CAI3, SAM, and CASO) which control the operation of the

compare error circuits,
as follows:

The signals are the outputs of four latches and are generated

CTRS — During a verify operation from phase B bit gate 4 of cycle 3 to phase A bit gate

2 of cycle 4,
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CAI3 — During a verify operation from phase B bit gate 4 of cycle 4 to phase A bit gate
2 of cycle 5.

SAM — Every cycle from phase C bit gate 6 to phase A bit gate 1.

CASO — From phase C bit gate 8 clock pulse Y of cycle 3 to phase A bit gate 7 clock
pulse Y of cycle 4.

2-164, SECTOR-SYLLABLE-MODULE SHIFT REGISTER. (See figure 10-30, sheet 17.)
The sector-syllable-module shift register (SSMSR) receives serial information on the
NTRS, NHOPC1, HISTADR, or DSMSO lines. Information shifting through the SSMSR
appears on 17 parallel outputs and one serial output. Figure 2-25 is a block dlagram of
the SSMSR which consists of 24 latches connected in series,

2-165., NTRS information is gated into the SSMSR durmg the PRESENT mode when a
HOP (OP code 0000) or CDS (OP code 1110 and A9 NOT) instruction is received from the
computer. NHOPCI1 information is gated into the SSMSR during the present mode when
any other instruction is received from the computer. Inthe PAST mode HISTADR in- .
formation is gated into the SSMSR. When the display serializer output operation (DSO)

. is selected DSMSO information is gated into the SSMSR.

2-166, Sector, syllable, module, and duplex bit values received on the NTRS, NHOPC1,
or DSMSO line appear at the corresponding SSMSR parallel outputs at phase A bit gate 3.
Sector, syllable, module, and duplex bit values received on the HISTADR line appear at
the corresponding SSMSR parallel outputs from bit gate 7 of phase B to bit gate 6 of phase
C. A delayed replica of the input information to the SSMSR appears at the serial output.
2-167. SECTOR-SYLLABLE-MODULE BUFFER REGISTER. (See figure 10-30, sheet
18.) The sector-syllable-module buffer register (SSMBR) is a 17 position latch register
that is loaded with information from the SSMSR. The contents of the SSMBR appear on

17 parallel outputs.

2-168. In the PRESENT mode the contents of the SSMSR are transferred into the SSMBR
" every phase A bit gate 3 unless a KSSMD signal is generated as follows:

1. When a computer single step operation is commanded.
2. During cycle 5 in the ML mode.
3. When a CESSMDR, CESSMBR, or CESSMSC is generated in the ML mode.

In the PAST mode the contents of the SSMSR are transferred into the SSMBR every phase
B bit gate 8 when the TRS or AI3 position of the DISPLAY SELECT switch is selected.

2-169. The SSMBR is cleared as follows:
1. Every phase C bit gate 13 unless a KSSMD signal is generated
2. By.a CDRES A signal.

3. Every bit gate 7 in the PAST mode.
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NTRS
NHOPC1 ,
HISTADR ————————

DSMSO ~
—

L & SSMSRIMT )
— SSMSRIDX

—— SSMSRDS4
—— SSMSRDS3
——» SSMSRDS2

——— SSMSRDS |
@ | —— SSMSRDM3
_[—>SSMSRDM2

- PARALLEL
- —SSMSRDMT ~OUTPUTS
— SSMSRDDX
> SSMSRSYL1

—® SSMSRIS4
|——= SSMSRIS3

——>SSMSRIS2 -

—— SSMSRIS|
F—— SSMSRIM3
[—®SSMSRIM2 )

L& SSMSO NOT (SERIAL OUTPUT)

‘ . Figure 2-25. Sector-Syllable-Module Shif't‘RégiStér :
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2-170. SECTOR-SYLLABLE-MODULE DISPLAY REGISTER. (See figure 10-30, sheet
19.) The sector-syllable-module display register (SSMDR) is a 17 position latch register
that is loaded with information from the SSMBR. The contents of the SSMDR appear on
13 parallel outputs and are displayed by corresponding COMPUTER display indicator
lamps.

2-171. The SSMDR latches are all initielly set at phase C bit gate 1 when an address
compare occurs or at phase C bit gate 2 when the serializer output is selected. The
SSMDR latches are then reset when the corresponding SSMBR latches are reset as fol-
lows:

1. At phase C bit gate 2 when an address compare occurs.

2. At phase C bit gate 3 when the serializer output is selected

3. By a CDRES A signal. ' ’

2-172, ADDRESS SHIFT REGISTER. (See figure 10-30, sheet 30.) The address shift

register (ADSR) receives serial information on the HISTADR or INSSO line. The ADSR -
. also receives parallel information on the NOP1 through NOP4 and NAI through NA9 lines.

Information shifting through the ADSR appears on 13 parallel outputs and one serial output.

Figure 2-26 is a block diagram of the ADRSR which consists of 24 latches connected in
series.

2-173. 'HISTADR information is gated into the ADRSR in the PAST mode when the TRS
or AI3 position of the DISPLAY SELECT switch is selected. When the display serial out-
put operation is selected INSSO information is gated into the ADRSR.

2-174, INSTRUCTION DISPLAY REGISTER. (See figure 10-30, sheet 31.) The instruc-
tion display register (INSDR) is a 13 latch register which receives the parallel inputs
from the ADSR to be displayed. The contents of the INSDR is displayed: (1) from bit
gate 3 to the following bit gate 2 when in data display mode and an address compare is
affected; (2) from bit gate 5 to the following bit gate 4 when in the past history mode;and
(8) from bit gate 12 to the following bit gate 11 when the data serial out gate is present

2-175. INSTRUCTION ADDRESS DISPLAY REGISTER. (See figure 10-30, sheet 32.)
The instruction address display register (IADR) is an eight latch register which receives
parallel address information from the ADSR for display purposes. The contents of the
IADR are displayed (1) during phase B from bit gate 3 to the following bit gate 2 when in
the data display mode and an address compare is affected; and (2) during phase C from
bit gate 2 to the following bit gate 3 while in the PAST mode.

2-176. DATA DISPLAY SHIFT REGISTER. (See figure 10-30, sheet 27.) The data dis-
play shift register (DTDR) is a 35 latch register (figure 2-27) which has 26 parallel lamp
outputs (SIGN and 1 through 25) and a serial output (DTDRB25).. The register is shifted
when data and a shift register clock pulse (DTDRCP1, 2, 3, or 4) are present. DTDRB25
goes to a comparator where it is compared with 2BDDTSO DTDRB25 is also gated by a
compare AI3 (CAI3) level into I/O register 1. The data inputs gated into the DTDR (fig-
ure 10-30, sheet 26) are as follows:

1. History delay line serial data is gated into the DTDR by corresponding DISPLAY
SELECT rotary switch selection while in the PAST mode.

2. Computer serial data is gated into the DTDR by correspondmg DISPLAY SELECT
rotary switch selection while not in the PAST mode. ‘ .
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HISTADR

INSSO —_l
. .

NA8 ——»

——» ADRSRAS

NA7 —»

> ADRSRA7

NAé L ——» ADRSRAS
NAS :J__—'___. ADRSRAS

NA4 ——df

|——=> ADRSRA4

NA3 —»

——» ADRSRA3

NA2 —¥

% ADRSRA2

NA] —#

——= ADRSRAI

NA9? —»

——» ADRSRA9

NOP4

——» ADRSROP4

NOP3 —y

———» ADRSROP3

NOP2 ——»

— ADRSROP2

NOP1

— ADRSROPI1

Figure 2-26. Address Shift Register

| > ADRSO
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DTDR DATA
DTDRCP1

DTDRCP2
DTDRCP3
" DTDRCP4
DTDRCPI
'DTDRCP2
DTDRCP3
DTDRCP4
- DTDRCP1
DTDRCP2
DTDRCP3
DTDRCP4
DTDRCP1
DTDRCP2
DTDRCP3
DTDRCP4
DTDRCPI
DTDRCP2

Figure 2-27. Data Display Shift Register
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3. TRS or AI3 data is gated into the DTDR by corresponding DISPLAY SELECT rotary
switch selection while not in the ML: mode and not in the PAST mode. When in the ML
mode and not in the PAST mode, TRS and AI3 data is gated into the DTDR by a compare
TRS or AI3 level.

4. Switch selector counter, minor loop counter, real time counter and self-check real
time counter data is gated into the DTDR by corresponding DISPLAY SELECT rotary
switch selection.

5. Spare probe data is gated into the DTDR when not in the PAST mode.

6. History AI3 (instruction address-data) is gated into the DTDR during the PAST mode

when the DISPLAY SELECT rotary switch is positioned accordingly.

7. 2BDDTSO data is gated into the DTDR when gating level DSO is present,

In the test program mode, the select serial data gating level is a programmed discrete.
(See figure 10-30, sheet 24.)

 2-177. MULTIPLY-DIVIDE COUNTER. (Figure 10-30, sheet 25.) The multiply-divide

counter is an eight latch, two phase counter (stepped every two phases). The multiply-
divide counter outputs form a gating level with the WORD rotary switch positions during

a multiply or divide instruction. The gating level allows the data display shift clocks to
be present during multiply or divide so that the selected partial product, quotient or re-
sult from history is displayed in the data display shift register. In self-check the counter
is used to allow recirculation of I/O register 2, during multiply or divide for 14 (two
phase) cycles. This is the time required to develop the final product, quotient or result.
Counter operation is initiated by a reset to zero at clock pulse X, bit gate 13, phase A,
during multiply or divide; the counter is stepped every two phases under control of three
latches.

2-178. ADDRESS COMPARE. (See figure 10-30, sheet 28.) A data display can be af-
fected only during an address compare. An address compare level is generated when the
address compare latch is set. This latch is set at phase B, bit gate 1 and clock pulse Y
when any one of the following conditions prevail:

1. When an instruction address compare operation is in progress and a comparison of
sector, syllable, module and address information is made, providing the computer single
step function is not used and a display reset is not affected.

2. When a data address compare operation is in progress and a comparison of data ad-
dress information is made, providing the computer single step functlon is not used and a
display reset is not affected.

3. When in CST mode and a gate advance computer 1 step signal (GAC1SS) is present.
The gate is generated by pressing the ADVANCE push-button. A computer single step
skip (CST SKIP) can also cause an address compare, A CST SKIP is generated when new
address information is manually inserted. This allows the program to advance to the
new address before an address compare is generated.

4. When the gate, past history mode, multiply-divide (GPHMMD) is present (See fig-
ure 10-30, sheet 24.)

5. When the past history gate (CPHG) is present.

6. During Memory load and CYC3 or CYC4.
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2- 179 DATA DISPLAY CONTROLS. The data display controls generate elght s1gnals,

PHMA, PHMA NOT, DISSIN, DISRPT, CDRESA, CDRESA NOT, IA COMP and DA COMP. ‘
These s1gna1s are used to control data display in ML and DD modes, and are. generated

as follows: .

1. Past history mode (PHMA) and past history mode not (PHMA NOT) are outputs of a
binary counter. (See figure 10-30, sheet 26.) The counter is complemented each time -
the PAST/PRESENT switch is pressed while in the CST mode. When not in CST mode,
PHMA NOT is forced, which means that present information can be gated into the data
display register. PHM is forced in the test program mode with programmed discretes.
This allows display data to be shifted to the PTC.

2. Display single (DISSIN) and display repeat (DISRPT) are outputs of a binary counter.
(See figure 10-30, sheet 15.) The counter is complemented each time the SINGLE/RE-
PEAT switch is pressed When in the SINGLE mode, data will be displayed on the first
address compare. If the COMPTR DISPLAY RESET switch is pressed while in the
SINGLE mode, data will be displayed on the next address compare. In the repeat mode
a new display is generated with each address compare.

3. Computer display reset (CDRESA) is generated by settmg a latch. The latch is set
manually when the tape reader is not running and when the COMPTR DISPLAY RESET
switch (SW CDRES) is pressed while in the DISPRT mode. The latch is set automatically
if the self-check ''1" function is not activated, during AUTO mode, bit gate 10 and CYC5
if either no compare error (CE) exists or if an address compare is affected. The
CDRESA latch is reset to CDRESA NOT at phase A, bit gate 1 time.

4. A data address compare (DA COMP) or instruction address compare (IA COMP)

level is generated by actuating the DATA/INS switch. This drops and picks the JA COMP .
relay which switches a ground level through the relay contacts during the data display

mode. This is the DA COMP or IA COMP which allows a data display on either a data

address or instruction address compare.

2-180. INTERFACE EXERCISER.,

2-181. INPUT/OUTPUT REGISTERS.

2-182. The LVDCME contains two input/output registers: (1) the PIO Memory Register;
and (2) the PIO Accumulator Register. These registers provide temporary storage for
data transmitted to or from the LVDCME as a result of certain PIO and CIO instructions.

2-183. PIO MEMORY REGISTER. The PIO memory reglster isa 26 bit sh1ft register
that may be loaded in any of the following ways:

1. Serially with AI3 data from the computer.

2, Serially vtzith TRS data from the éompdter.

3. Serially with PTC accumulator data.

4, Ser1a11y w1th rec1rcu1ated data

5. In parallel with data from the I/O REG switches.

6. Serially with data from the DTDR.
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2- 184 Shifting in the PIO memory register is controlled by a circuit that produces
shift clocks SM D, SM A, SM B and SM C that correspond respectively with clocks W,
X, Yand Z durmg shﬁtmg operations. Shift clocks are produced whenever serial data
is to be read into or out of the PIO memory register.

2-185. Computer AI3 data is loaded into the PIO memory register when PIO bit A8 is a
"0" and bit Al or A2 is a "0". TRS data is loaded when address bit'A8 is a '1'" and bit -
Al or A2 is a '"0"". PTC accumulator data is loaded as a result of a CIO 002 instruction.
Recirculated data is loaded when a read PIO (Al and A2 are "1's") or CIO 001 is used.
Recirculation provides for nondestructive readout of the register.

2-186. Any latch in the PIO memory register may be set by pressing the corresponding
I/O REG switch., All latches are simultaneously reset when the PIO RESET switch is.
pressed. When the PIO RESET switch is pressed, the sign latch is reset and shift clocks
are produced. The "0" in the sign position shifts down to the last latch, and since no new
data can get into the sign latch while the PIO RESET switch is depressed the register is
cleared. -

2-187. During memory verification, the PIO memory register is used to store the serial
contents of the DTDR. This permits a comparison between serial data received from the
computer (shown in the DATA lamps) and the serial data sent to the computer (shown in
the I/0 REG #1 lamps). DTDR data is loaded only during cycle 4 of a memory verifica-
tion operation.

2-188. PIO ACCUMULATOR REGISTER. The PIO accumulator register is a 26-bit
shift register which may be used as two separate 13-bit shift registers. When the PIO
accumulator is split into two registers, the 13 low-order latches and a serial adder form
the switch selector counter (SSC); the 13 high-order latches and a serial adder form the
minor loop counter (MLC), In the test program mode, the two halves of the PIO accum-
ulator register are joined together to form a single 26-bit register.

2-189. As a 26-bit register, the PIO accumulator register may be loaded with PTC ac-
cumulator data, recirculated data, or parallel data from the I/O REG switches. PTC
accumulator data is loaded as a result of a CIO 006 instruction. When a CIO 006 instruc-
tion is not present, recirculated data (PIO ABD) is loaded. During self-check, SSC data,
which is advanced one bit time from PIO ABD, is re-circulated.

2-190. Shifting in the PIO accumulator register is controlled by a circuit that produces
shift clocks SA D, SA A, SA B and SA C that correspond respectively with clocks W, X,
Y and Z during shifting operations. Shift clocks are produced whenever serial data is to
be read into or out of the register.

2-191. When the LVDCME is in the operational program mode, bits SIGN through 12 of

the PIO accumulator register form the MLC, and bits 13 through 25 from the SSC. Data
does not shift between the two sections wh1ch now operate as two separate binary count—

ers — the MLC and the SSC. ‘

2-192. Minor Loop Counter. The MLC may be loaded with serial data from any of the
following sources:

1. AI3 data from the computer.
2. TRS data from the computer.

3. PTC accumulator date..
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2-193, Computer AI3 data is loaded into the MLC when PIO address A8 NOT, A7 NOT,

A6, A5, A4, A3, A2, Al NOT is used. PIO address A8, AT NOT, A6, A5, A4, A3, A2, ‘
Al NOT causes computer TRS data to be loaded. CIO 006 causes PTC accumulator data

to be loaded. The MLC may be manually loaded with data from I/O REG #2 switches

SIGN through 12,

2-194, When no data is being loaded into the MLC, its count is re-circulated. A serial
subtractor subtracts one from the MLC count once every six program cycles. Each time
the MLC count becomes zero, an interrupt is generated and sent to the computer and
PTC.

2-195. A CIO 021 instruction causes the MLC count to be read into the PTC accumulator.
The MLC count is displayed in I/0 REG #2 lamps SIGN through 12.

'2-196. Switch Selector Counter. The SSC may be loaded with serial data from any of
the following sources: ‘

1. AI3 data from the computer,
2. TRS data from the computer.
3. PTC accumulator data,

2-197. Computer AI3 data is loaded into the SSC when PIO address A8 NOT, A7, A6,
A5, A4 NOT, A3 NOT, A2, Al NOT is used. PIO address A8, A7, A6, A5, A4 NOT,
A3 NOT, A2, Al NOT causes computer TRS data to be loaded. CIO 016 causes PTC ac-
cumulator data to be loaded. The SSC may be manually loaded with data from 1I/0 REG
#2 switches 13 through 25.

2-198. When no data is being loaded into the SSC, its count is re-circulated. A serial
subtractor subtracts one from the count once every six program cycles. The first time
the SSC count reaches zero, an interrupt is generated and sent to the computer and PTC.
The SSC must be reloaded before another interrupt can be generated by the SSC.

2-199. A CIO 025 instruction causes the SSC count to be read into the PTC accumulator.
The SSC count is displayed in I/O REG #2 lamps 13 through 25,

2-200. DISAGREEMENT REGISTER.

2-201. The disagreement register is a 13-bit latch register that receives its inputs
~from the thirteen computer disagreement lines (EP1 through EP13). These inputs are
applied to latches in the disagreement register whose outputs light DISAGREEMENT
lamps on the INTERFACE EXERCISER panel. When a "1'" appears on'a computer disa-
greement line, the corresponding latch sets, and the corresponding lamp lights.

2-202. Once an error is sensed, the corresponding latch remains set until the entire

register is reset. The disagreement register may be reset manually with the ERROR
RESET pushbutton or automatically with a CIO 026 or a PIO code in which address bits
Al, A2 and A9 are "0's'"" and A5 is a "1",

2-203. INTERFACE EXERCISER ADDRESS REGISTER.

2-204. The interface exerciser address register is a nine-bit latch register that is

loaded with PIO address information during a PIO operation. Outputs from this address ‘
register are applied to lamp drivers that light the ADDRESS lamps on the INTERFACE
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EXERCISER panel. These lamps indicate-the states of address lines NA1 through NA9,
All latches in the interface exerciser address register are simultaneously reset before
a new PIO address is loaded. The register is also reset when the PIO RESET pushbut-
ton is pressed.

2-205. DISAGREEMENT SERIALIZER.
2-206. The outputs from the disagreement register latches, EAM, EBM and the OR'd

channel 1, 2 and 3 errors (EA1, EA2 and EA3), are applied to a disagreement serializer.
Errors are serialized as follows:

Phase B Phase C
*Bit Gate Error *Bit Gate Error
1 1 EP3
2 2 EP4
3 3 EP5
4 4 EP6
5 5 EP7
6 6 EP8
7 7 EP9
8 8 EP10
9 9 . EP11
10 EA1l 10 : EP12
11 EA2 11 EP13
12 -EA3 12 EAM
13 EP1 13 EBM
14 EP2 14 TLC

*From Y time of designated bit to Y time of following
“bit.

2-207. REAL TIME COUNTER.

2-208. The real time counter (RTC) consists of a serial adder and a delay circuit. The
output of the delay circuit is recirculated in the delay circuit through the serial adder.
Once every three instruction cycles, the instruction cycle counter (paragraph 2-212)
generates a bit which is added (in the serial adder) to the recirculated real-time count,.
The real time count is therefore increased by one every three instruction cycles.

2-209. Updating of the RTC is inhibited during a CST or HLT operation. During these
operations the real-time count is recirculated and remains unchanged. The RTC may be
read into the PTC with a CIO 015 instruction.

2-210. AI3/TRS PAST HISTORY WORD COUNTER.
2-11. The AI3/TRS past history word counter consists of a six-bit shift register and a
shift control circuit. The shift control circuit produces shifting gates HWC ODD and

HWC EVEN. The shifting gates are applied to the shift register which produces outputs
as shown on figure 2-28. The output configuration at word 5 is maintained during word 6
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*1 2 3 4 5 & 7

WD CTR A/
WD CTRB
WD CTRC[*
WD CTR D)
- WDCTRE|'
 WDCTRF|
- DLY Al

Note: DLY A SET FROM BG9, PHASE C, WORD 5
TILL BG3, PHASE C, WORD 6.
*RESET CONDITION FOR COUNTER

Figure 2-28. AI3/TRS Past History Word Counter Outputs

by a circuit that produces DLY A, which inhibits the stepping of the shift control circuit
for one word time. Word times are specified by AND'ing outputs as follows:

_M Specified by

1 WD CTR F and WD CTR A
2  WDCTRAand WDCTRB
3 WD CTR B and WD CTR C

4 WD CTR C and WD CTR D
5 ~ WDCTRDand WDCTRE and DLY A
6  WDCTRDand WD CTRE and DLY A
7 WD CTRE and WD CTR F
8 . WD CTR F and WD CTR A
9 WD CTR A and WD CTR B

10 WD CTR B and WD CTR C

11 WD CTR C and WD CTR D
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Word - Specified by

12 . WDCTRDand WDCTRE
13 WD CTR E and WD CTIR F
2-212, INSTRUCTION CYCLE COUNTER.
2-213.' The instruction cycle counter consists of a six- b1t shift reglstef and a Shlft'con-
trol circuit. The shift control circuit produces shifting gates PHMDC OD and PHMDC

EV. These shifting gates are applied to the shift register which produces outputs as -
shown on figures 2-29 and 2-30 in the operational and test program mode respectively.

PHMDCA
PHMDCB
PHMDCC

PHMDCD
PHMDCE

PHMDCF

*RESET CONDITION FOR COUNTER.

Figure 2-29. Instruction Word Counter Outputs, Operational Program Mode

“ 2 3 4 5 & 7 8 9 10 n 12 13

PHMDCA

PHMDCB

PHMDCC

PHMDCD

PHMDCE
PHMDCF

*RESET CONDITION FOR COUNTER

Figure 2-30. Instruction Word Counter Outputs, Test Program Mode
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2-214. In the operational program mode, shift reg1ster outputs PHMDCA, PHMDCB, and
PHMDCE and their inverses are applied to a circuit that produces outputs COUNT 3 and

. COUNT 6 every three and six instruction cycles, respectively. COUNT 3 occurs during
words 1, 4, 7, and 10, and is used to update the real-time count. COUNT 6 occurs dur-
ing words 1 and 7 and is used to update the minor loop count and the switch selector
count.

2-215. In the test program mode, the instruction cycle counter counts 13 instruction
cycles. The output configuration (figure 2-30) at word 4 is maintained during word 5 by
a circuit that produces PHMDC INH NOT that inhibits the stepping of the shift control
circuit for one word time.

2-216. The AND'ed outputs from the shift register are >used to control recirculation of
ADR, MR1, MD7 and PRO data in the history delay lines. Outputs are also used to
synchronize the multiply/divide past history word counter.

2-217. SELF CHECK.

2-218. The LVDCME incorporates a self-check feature which checks the operation of a
major portion of the LVDCME, This is accomplished by connecting the interface cable

~ connectors, which normally go to the computer, back to special self-check connector
receptacles on the LVDCME, The LVDCME self-check interconnections are listed in fig-
ure 2-31,

Cable Part No. * From | To
6900052 02A3J22 02A3J20
6900053 J18 J17
6900054 J15 J16

and

J19
6900055 J14 - J13
6900056 J5 J8
6900057 02A3J6 02A3J9
6900058 - J7 J10
6900059 Ji1 J12
6900073 J21 J23
6900085 01A11J32 01A11J25
6900086 - J31 - J26
6900087 J3o | J27.

*Jumper plug 6900074 must be connected to

01A11J29.

Figure 2-31. LVDCME Self-Check Cable Interconnection List
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2-219. When the LVDCME is operated in the self-check mode, inputs that are normally
provided by the computer are simulated by circuits within the LVDCME. These c1rcu1ts
called simulators, are as follows:

a. Timing simulators (clock generator, bit gate generator, phase generator and buffer
oscillator).

b. OP code simulator.

¢, Address simulator.

d. Disagreement error simulator,

e. Error simulators (TLC, EAM and EBM).
f. BRA-BRB simulator.

g. CIO“codes and discretes simulators.

h. Serial data simulators (SCPRO, SCHOPC1, SCAI3, SCTRA, SCMD7, SCMRI,
SCASRTC, SCPIO and SCPTCAI3).

- 2-220. Some computer signals are simulated (during self-check) by LVDCME circuits
that are normally used for computer tests. For instance, HOPC1 data comes from the
DTSO output of the serializer. The operations of these circuits have been previously
described., However, their special roles during self-check are described in subsequent
paragraphs.

2-221, The outputs of the self-check simulators correspond to the translated and in-
verted computer signals. For instance, SCOP1 (self-check OP1) corresponds to NOP1
which is a translated, inverted and voted computer signal. Computer signals that appear
in TMR form are simulated by producing the self-check signal in triplicate.

2-222, TIMING SIMULATORS. (See figure 10-30, sheet 35.) Self-check timing (figure
2-32) is initiated by a crystal controlled oscillator. The oscillator generates a square
wave signal (0 VDC to -6 VDC) whose switching rate is 2. 048 mc. The oscillator output
alternately causes the setting and resetting of a trigger. The trigger set output is an in-
put to a second trigger, and the reset output is an input to a third trigger. The outputs
of these two triggers are inverted, and on negative transition cause firing of four single
shots. The single shots produce negative pulses 0. 4 usec in duration. These negative
pulses are the self-check clocks.

2-223. Clock voter errors (fail to ""1" and fail to '"0'") can be induced with the CLOCK
and PHASE rotary switches as shown in figure 2-33. When the CLOCK and PHASE rotary
switches are in the NONE position, proper generation of computer simulated W, X, Y
and Z clocks in triplicate is automatic and continuous.

2-224, SELF-CHECK BIT GENERATOR. (Figure 10-30, sheet 35.) The self-check bit
generator consists of a shift register control circuit, a seven bit shift register and a bit
decoding circuit,

2-225. The shift register control circuit is composed of a pair of latches interconnected
to form a binary counter. The counter alternately produces a self-check odd (SCODD)
and a self-check even (SCEVEN) control level at W clock times as shown on part A of
figure 2-34,
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0 vDC

'2.048MC OSC.

-6VDC

TRIGGER 1 SET OUTPUT-

" TRIGGER 1 RESET OUTPUT

TRIGGER 2 SET OUTPUT r

Iz CLOCK .

TRIGGER 2 RESET OUTPUT

IX CLOCK

TRIGGER 3 SET OUTPUT J
IY CLOCK '
TRIGGER 3 RESET OUTPUT I
W CLOCK
2.048MC
0sC ‘——T N —L—ser OUTPUT
7 :
T—Rsssr OUTPUT
SET OUTPUT
T3
F—RESET OUTPUT

Figure 2-32, Self-Check Clock Generation
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_ Switch Position

Signal Fail To "1" Fail To "0"

| CLOCK - PHASE CLOCK PHASE
SCAIW . 5 1 1 6 | 1
SCA2W 5 2 6 2
SCA3W s 3 6 3
SCAIX 5 4 6 - 4
SCA2X 5 | 5 6 5
SCA3X 5 6 6 6
SCA1Y 5 o 6 T
SCA2Y 5 8 6 | 8
SCA3Y 5 g 6 9
SCA1Z 5 10 6 10
SCA2Z 5 11 6 - 1
SCA3Z 5 12 6 12
SCBO1 7 - 8 —
SCBO2 | 9 — 10 -
SCB03 11 — 12 —

Figure 2-33. Clock and BO Error Simulation

2-226, The SCODD and SCEVEN levels control the shifting of a seven bit shift register
and prevent the contents of the register from rippling through when the register is stepped.
Seven outputs (SCG1 through SCG7) change states as shown on part B of figure 2-34.

2-227. The self-check bit decoder is a matrix that generates self-check bit gates from
the seven bit shift register configuration. The SCG5 (self-check gate 5) output of the
shift register is developed into three lines of computer simulated G5 NOT. A G5 voter
error (fail to '"1') can be induced in self-check by forcing control level(s) CA1G5 and/or
CA2G5 and/or CA3G5 to ZERO. This is accomplished during CYC3 and self-check phase
C when tape addresses 6 NOT, 5 NOT, 4 NOT, 3, 2 NOT and 1 are programmed. The
channel in which the error is induced is determined by TRDM1, TRDM2 and TRDM3 of -
the tape reader register. '

2-228, SELF-CHECK PHASE GENERATION. The self-check phase generator consists
of a sync circuit and a four latch cyclic counter. (See figure 2-35.) .
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SELF-CHECK CLOCKS Z IW I X | Y1 ZIWIX 1Y I ZIWIXI Y| Z|W]|

-SCODD -
SCEVEN" ’ _ | I

SELF-CHECK
BITGATE[ 1 [.2 | 3[4 ] 5 |6 {76869 w]it]t2a]iza]ie
SCODD T . K T '
SCEVEN:[ 1
SCG1; l . j
SCG2:
5CG3,
SCG4
SCG5
SCG6
SCG7# -

Figure 2-34. Self-Check Bit Generator Control and Shift Register Timing

2-229, The sync circuit produces a phase generator sync signal (APG) when the shift
register counter returns to SCG1 at SCODD time.

2-230. The cyclic counter produces three self-check phases — SCPA, SCPB and SCPC.
The counter is set up for developing the next phase in the cycle when the shift register
counter counts to SCG4. The next phase is then produced with the sync level (APG).

2-231. A phase B voter error ( production of a phase B at phase C time) can be induced
when the shift register counter counts to SCG5 providing the tape address decoded is
TAADR6 NOT, 5 NOT, 4 NOT, 3, 2 NOT, and 1. The channel in which the error is in-
duced is determined by TRDS1, TRDS2 and TRDS3.

2-232, SELF-CHECKBUFFER OSCILLATOR (SCBO1-3). The computer buffer oscil-
lator signal is simulated in the LVDCME during self-check by inverting the output of the
2. 048 mc oscillator. The NOT output of the inverter is distributed to three AND circuits,
translated, sent out of the LVDCME and returned on three lines via a self-check cable,
(See f1gure 10-30, sheet 25,)

2-233. Buffer oscillator errors (fail to '"1"" and fail to ""0"") can be induced with the
CLOCK rotary switch as shown in figure 2-33. When the CLOCK rotary switch is in the
NONE position, translated buffer oscillator pulses are automatic and continuous.
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SCG2 A P ‘I P~— APG

APG PD |—SCPA 2
La l i SCG4—1 —

L2 . ' 2

-
|
1
r
<

+— PD [—sCP +— | — L4
L2 —J. SCPC
L L
| |
2 — 13 SCPA
L_z'_.—_‘
3 A pb— | }—scrc
1] ——

Figure 2-35. Self-Check Phase Generation

2-234, WORD COUNTER. The word counter is a thirteen trigger counter register which
counts computer cycles in MEM SIM mode and tape words in the ML mode. The counter
is stepped by means of stepping pulses. Each trigger in the chain is complemented when
its input goes from "1' to ""0"". The counter can be stepped as follows: (See figure 10-
30, sheet 33.)

. a. Manually: When the ADV CTR switch is selected and the tape reader is not running,

pressing a TAPE ADDRESS area switch (SWTRCHO1 through 05) generates a stepping
pulse which advances the word counter by one, within the limits of the pushbutton/lamp
being actuated. The counter does not step into a count displayed by another pushbutton/
lamp except by pressing that pushbutton/lamp.

b. Automatically:

1. By a word counter stepping pulse while in self-check, MEM SIM mode during each
bit gate seven, phase A, and providing that the CST function is not used. In MEM SIM,
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a control level (CTR GATE) is provided which allows the counter to be advanced through
its entire range. A decoded word counter gives OP code and address information which
is part of an inherent program in MEM SIM. The OP codes are decoded from the first
five triggers in the word counter. Therefore, every 378 cycles, the OP code arrange-
ment is repeated. The instruction addresses are decoded from the first eight bits of the
word counter. Therefore, every 377g cycles the instruction addresses are repeated.

2. Durmg the ML mode when the tape reader is running, TRCP1 causes the word
counter to be advanced each time a sequence bit is sensed. The SEQ BIT causes a con-
trol level (CTR GATE) which allows the word counter to be advanced through its entire
range.

2-235. OP CODE SIMULATORS (Figure 10-30, sheets 33 and 34). Self-check operation
codes in memory load mode are developed from decoded tape reader operation bits
(TROP1-4) or from decoded tape address bits (TAADR1-5). During MEM SIM mode,
self-check operation codes are decoded from word counter (20 through 24) bits. In each
case, a self~-check level (SCOP) controls all operation codes generated. (See timing
chart on figure 2-36.)

. 2-236. A special case simulates a computer function during single step mode. When in
single step, the self-check operation code generated is the transfer nonzero (TNZ) in-
struction (SCOP3=1).

2-237. A voter error, thatis, the forcing of all self-check operation code bits in a chan-
nel to "1" (fail to a ''1""), can be induced with tape address bits 5 and 6 (TAADR5 and
TAADRS6). The channel in which the error is induced is determined by tape reader oper-
and address bits 1 through 3 (TROA1-3).

2-238. ADDRESS SIMULATORS (Figure 10-30, sheets 33 and 34). Self-check address
bits are developed in ML from tape reader operand address bits when self-check level
SCOA is present, or in MEM SIM from word counter bits when self-check level SCIA is
present, or in MEM SIM from word counter bits when self-check level SCIA is present.
(See timing chart on figure 2-36.) A tape reader operand address bit (TROA1-9) becomes
the corresponding computer simulated address bit, whereas the word counter counts (2
through 27) become computer simulated address b1ts one through eight respectively. 20
becomes SCA1l, 21 becomes SCA2, etc.

2-239. A voter error, that is, the forcing of all self-check operation code bits in a
channel to ""1" (fail to a '"'1""), can be induced during cycle 3 when tape address bits
TAADR4, TAADR5 NOT, TAADR6 NOT, and INV ERR are decoded. The channel in
which the error is induced is determined by tape address bits 1 through 3 (TAADR1-3).

2-240. DISAGREEMENT ERRORS SIMULATION. Computer voter disagreement errors
(SCEP1-13) are simulated with the coincidence of a self-check level (signal called HELP)
and specific tape reader register bits. The HELP signal is a tape address decode (TAADRI,
2, 3 NOT, 4 NOT, 5 NOT, and 6) at self-check'clock Y, self-check bit gate 4, self-check
phase A and cycle 3 time. The tape reader register bits used to determine the errors
produced are as follows: TROA5 = SCEP1, TROA4 = SCEP2, TROA3 = SCEP3, TROA2 =
SCEP4, TROA1 = SCEP5, TRDS1 = SCEP6, TRDS2 = SCEP7, TRDS3 = SCEP8, TRDS4 =
SCEPY9, TROA9 = SCEP10, TROA8 = SCEP11, TROA7 = SCEP12, and TROA6 = SCEP13.
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A# ADR CON
#=1,2,3

SCIA

SCOA

K
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SCAn
n=1,2,---,9

o
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#=1,2,3n=1,2,---,8
SAME SIGNAL,
SET AT COMPLE-
MENTARY TIMES
NSCA# An
#=1,2,3n=1,2,---,9

SCorp

NSCA# OPn
#=1,2,3n=1,2,3,4

PHASE A

PHASE B ' PHASE C

1]2]3f4]5]6}7]8]9]10[11]12]13]14
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1[2]3]4 5 e[z 8] oJro[ni2[is[ia[ 1 T2 ]34 5] 6] 7] 8] 9[10o]1]12]13]14] BHAéZ’T‘E.é'
¢ A3l TAADR 5,4,3,2,7, AND TR DECODE :

I_

T'[ TAADR 4,5,5 AND TAADR #

1

I

7 132
¢ S
L™t |

|

s 7Z 13Z :

] , | ™ | TAADR 1, OR2, OR3, ORZ, OR 5, OR 6
{

s 7Z 132

] | | SCIAA AND COUNTER DECODE -

] 77 132 K

] f - | SCOA AND TROAn

s 77 132 :

| | SCAn | CANALSO BE SET WITH A# ADR CON FOR THE ENTIRE CYCLE 3

s 7Z 132

] | scan

4, 7Y 12Y CAN BE SET TO A SOLID *1" WITH TAADR AND TROA DECODE

] | ACST 'CAN ALSO BE SET WITH MEM SIM OR CYCLE 3

s 7Y 12Y TROA, OR TROP, OR TAADR DECODE - OR MEM SIM AND

] | | WORD COUNTER DECODE |

Figure 2-36. Self-Check Operation Code and

' Address Timing
|

III-2- 59




2-241. ERROR SIMULATORS. Memory module errors (EAM, EBM and TLC) are sim-
ulated in self-check with the coincidence of a self-check level signal (LEMMON 1) and
specific tape reader register bits. The LEMMON 1 signal is a tape address decode
(TAADR1 NOT, 2 NOT, 3, 4 NOT, 5 NOT and 6 NOT). The channel in which the error
is induced is determined by tape reader operand address bits (TROA1-3 for EAM-chan-
nels 1-3, TROA4-6 for EBM-channels 1-3 and TROA7-9 for TLC-channels 1-3).

2-242. SELF-CHECK BUFFER REGISTER A AND B BIT 14 PARITY (SCBRA14P AND
SCBRBI14P). Buffer register A and B, bit 14 parities are simulated by the LVDCME as
follows (see figure 10-30, sheet 36): .

1. When a tape reader data address parity bit (TRDA-PB) is generated during self-
check phase A and bit gate 11. It is during this time that a latch is set which allows
" SCBRA14P and SCBRBI14P to be generated.

2. When a store operation is decoded. SCBRA14P and SCBRB14P are generated either
(1) when a tape reader syllable '"1" parity bit (TRSYL1 PB) is generated during self-check
phase A and bit gate 3 through 6, or (2) when a tape reader syllable "0" parity bit
(TRSYLO PB) is generated during phase B or phase C.

3. When a non-store operation is decoded. SCBRA14P and SCBRB14P are generated
either (1) when tape reader syllable '"0" parity bit is generated during phase B, bit gate
3 through 6, or (2) when tape reader syllable 1" parity bit is generated during phase C,
bit gate 3 through 6. : : .

2-243. SCBRA14P can be failed to a constant '""1'"" either during self-check phase B when
LEMMON 1 and TRDS1 are programmed or during self-check phase C when LEMMON 1
and TRDS2 are programmed.

2-244. SCBRBI14P can be failed to a constant ""1" either during self-check phase B when
LEMMON 1 and TRDS3 are programmed or during self-check phase C when LEMMON 1
and TRDS4 are programmed.

2-245. LEMMON 1, a self-check control level,is a tape address decode of TAADR1 NOT,
2, 3, 4 NOT, 5 NOT and 6 NOT,

2-246. CIO CODES AND DISCRETES SIMULATORS. Self-check CIO codes in ascending
order are developed from tape reader register bits, SIGN and 1 through 25, and TRDS1
through 4 AND'ed with a self-check gate (SCGCIO). (See figure 10-30, sheet 34.)
SCGCIO is a latch output, and is present when tape address bits TAADR1 NOT, 2 NOT,

3 NOT, 4 NOT and 5 are decoded during cycle 3, bit gate 13. The gate is removed every
phase A, bit gate 6. (See timing chart on figure 2-36.) CIO codes may also beé generated
by a TIME SEL when conditioned by an interrupt 13. This feature is for self-check of the
past history delay line read to the PTC.

2-247. The self-check discretes are developed from corresponding tape reader address
bits and a control gate (GATE SC DISCR). GATE SC DISCR is present when tape address
bits, TAADR1 NOT, 2 NOT, 3 NOT, 4 NOT and 5 are decoded.

2-248. SERIAL DATA SIMULATORS. (Figure 2-37)

2-249. SELF-CHECKSIMULATION OF PRO. (See figure 10-30, sheet 6 and figure 2-
38.) The tape reader serializer information used normally to generate data to the com-
puter on the DIN line (see paragraphs 2-156 and 2-157) simulates three lines of PRO dur-
ing self-check. The sector-syllable-module and instruction serializer information simu-
lates PRO during cycle 2. The data serializer simulates PRO during cycle 3,
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2-250. A voter error (fail to '"1"') is induced into any channel (A1, or A2, or A3) when a
corresponding control level CAl, or CA2, or CA3 is generated. The levels are gener-
ated during self-check bit gate 6 through bit gate 11 of self-check phase C, cycle 3 when
tape address bits TAADR4 and TAADRS NOT are decoded. The channel in which an er-
ror is induced is determined by corresponding tape address bits 1 through 3 (TAADRl 3).

2-251. SELF-CHECKSIMULATION OF HOPCI1. (See figure 2—39 and figure 10-30,

sheet 16.) The tape reader data serializer simulates HOPC1 during phase B and phase C.
The two bits (needed during EXM-execute-modify instruction) used to simulate HOPC1
during phase A are from the instruction serializer.

2-252. A voter error (fail to ""1") is induced into any-channel (A1, or A2, or A3) when a
corresponding control level CA1DT, or CA2DT or CA3DT is generated. These levels are
generated during self-check bit gate 6 through 11 of self-check phase B, cycle 3, when
tape address bits TAADR4 and TAADRS5 NOT are decoded. The channel in which an error
is induced is determined by corresponding tape address bits 1 through 3 (TAADR1-3). A
voter error can also be induced in a channel by forcing the other two channels to a ''1" with
respective control levels (CA1DT, CA2DT and CA3DT) and programming a TROP3.

. 2-253. SELF-CHECKSIMULATION OF AI3 AND TRS. (See figure 2-40 and figure 10-30,
sheet 37.) AI3 and TRS are simulated by gating, shifting and recirculating information
into an unused channel of the real-time counter delay line (RTC DLY). PRO information
is gated into. RTC DLY when the self-check load latch (SCLOAD) is set., SCLOAD is a
"1" during CYC2, phase B when address bits 8 and 9 (NA8 and NA9) are programmed.
At this time, SSM and INST serializer information is gated into the RTC DLY. SCLOAD
is also a ""1" during CYC3, phase B when NAT and NA9 are programmed. At this time,
DATA serializer information is gated into RTC DLY. All information is delayed through
RTC DLY for a period equal to 2 phases and 13 bits (80.1 usecs). The information is
clocked through a latch at clock pulse Y. The information at this point is called transfer
register and accumulator simulated information (TASIM). TASIM is delayed for a dura-
tion of three clock pulses through a latch. The output of the latch is self-check AI3
(SCAI3).

2-254, In MEM SIM an ADD latch is set at bit gate 2, clock pulse Y, which sets up an
"add 1" condition to TASIM. The information obtained as a result of an "add 1' to TASIM
is called DAT-A. DATA is delayed one bit through two latches and becomes SCTRS.

2-255. In ML mode, the ADD latch is reset There is therefore no add1t1on‘to TASIM.
. The information becomes self-check TRS (SCTRS) after aone-bit delay period.

2-256. AI3 and TRS are simulated from shifted SCTRS information when the self—check
shift latch (SCSHF) is set. The SCSHF latch is a ""1" during CYC1, phase B when NA6
and NA9 are programmed or during CYC2, phase B when NA5 and NA9 are programmed.
In each case, the SCTRS format is shifted in the RTC DLY one bit position. That is, bit
25 is shifted into the bit 24 position one cycle later. A shift of two bits is obtained when
the SCSHF latch is set and A9, A6 and A5 are programmed That is, bit 25 is shifted
into the b1t 23 position one cycle later.

2-257. In MEM SIM mode, when the instruction address as decoded from the word
counter equals zero (IA000), RTC DLY is set to zero at phase A, bit gate 10. During
phase A, bit gate 10 of the next change in address, PATA from the "add 1'" circuit is be-
ing rec1rculated through the delay line. This -recir¢ulated data becomes SCAI3 and - :
SCTRS. There is no change’in format in rec1rcu1ated data since it is clocked at the. same '
bit gate one cycle later. ‘
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2-258. An AI3 voter error in any channel is induced similarly as in self-check PRO
voter error generation. (Refer to paragraph 2-250.)

2-259. A check of the comparators is made during cycle 4, when A9 and A4 are pro-
grammed. All SCAI3 channels are forced to a constant "1" without altermg the contents
of the RTC DLY.

2-260. A TRS voter error in any channel is induced similarly as in self-check HOPC1
voter error generation " “(Refer to paragraph 2-252.)

2-261. SELF—CHECK SIMULATION OF MD7 AND MRI1.

2-262. The computer MD7 and MR1 data is s1mu1ated durmg self- check by LVDCME
circuits that are normally used for computer tests (I/O register 2, and controls). (See
figure 10-30, sheets 20, 21, 22 and 23. ) The operation of these circuits has been previ-
ously descrlbed k : '

2-263. An operation umque only to self-check develops. MD7 and MRI1 from the three
DATA V lines and the three self-check MRI1 lines respectively. (See figure 2-41.)

2-264. During MEM SIM and test program mode when a multiply or divide operation is
decoded, the free run register latch (FRR) is set. The FRR gate (figure 10-30, sheet 22)
allows recirculation of SSC DATA and controls accumulator shift pulses (SA1A-D and
SA2A-D) so that SSC data in I/O register 2 is continually being shifted. (See figure 10-30,
sheet 21.) The duration of the FRR gate is.fourteen counts (two phases) of the multiply-
divide counter (9 1/3 computer cycles). (Seeifigure 10-30, sheet 25.) This is the maxi-
mum time required to develop partial products, the final product, remainders and the

——— quotient during multiply or divide. Each time the data in the I/O register recirculates,
the bit configuration is such that the two low order bits are shifted into the next higher
bit positions. The I/O register continues to recirculate once during each count of the
multiply-divide counter until the FRR latch is reset.. This occurs at bit gate 3 when the
multiply-divide counter has gone through a- complete count At this time the I/0 register
“has its original bit configuration.,

2-265. The serial output of I/0 reglster 1'(SSC DATA) is ‘gated to three self-check MR1
lines at clock pulse W time and is computer s1mu1ated MR1

2-266. The SSC DATA is also gated to three DATA V 11nes durmg test program mode
and FRR, or during test program mode when A3 and A4 NOT are programmed. This is
computer simulated MD7.

2-267. MRI1 and MD7 voter errors (fail to ""1'") are induced similarly as in self-check
PRO voter error generation. (Refer to, paragraph 2-250.) -

2-268. SELF-CHECKSIMULATION OF REAL TIME COUNTER.

2-269. Self-check real time counter data is simulated from circuits normally used dur-
ing computer test. (See figure 10-30, sheet 37.) The‘real time counter is explained in
paragraph 2-207. ' . S - :

2-270. Real time counter data is brought back to the LVDCME dur1ng self-check via a
self-check cable,and is displayed in the data:display reglster DATA lamps (see flgure
10-30, sheet 26) when the DISPLAY SELECT rotary switch is in position 13.

III- 2- 66



2-271. SELF-CHECK SIMULATION OF PIO. (Figure 10-30, sheet 36.)
2-272. Three channels of self-check PIO are developed when the self-check operation
codes (decoded from the tape address bits) generate a PIO operation (SCOP1 NOT,

SCOP2, SCOP3 NOT and SCOP4) and the tape reader operation codes (TROP1 through 4)
are not decoded as a PIO.

2-273. A voter error (fail to ""1") is induced into a channel (Al, or A2, or A3) when the
corresponding TRDS1, or 2, or 3 is programmed together with the select data control
(SDT). SDT is a decoded TAADR6, TAADR5 NOT and TAADR4 during CYC 3.

2-274. SELF-CHECK SIMULATION OF PTC AI3. (Figure 10-30, sheet 20.)

2-275. PTC AI3 is simulated from LVDCME CIO DATA generated. The LVDCME CIO
DATA is generated as follows:

1. SSC DATA gated by a programmed AC CIO 025 (the read SSC code).
2. MLC DATA gated by a programmed AC CIO 021 (the read MLC code).
3. PIO ADRSO gated by a programmed AC CIO 011 (the read PIO ADR code)

4., DTDRBI19 gated by a programmed AC CIO 031 (the read phase A mformatlon from
history code).

5. DTDRBI gated by a programmed AC CIO0 035 (the read phase B and C information
from history code)

6. SSMIA gated by a programmed AC CIO 051 (the read SSM and IA information from
history code).

7. NSEO gated by a programmed AC CIO 041 (the read disagreement errors code).
8. RTC DATA gated by a programmed AC CIO 015 (the read RTC code)
9. PIOMB25D gated by a programmed AC CIO 001 (the read I/O register 1 code).

10. ADRSO gated by a programmed AC CIO 045 (the read instruction information from
history code).

11. AC DISCR OUT 4 (select PRO code), and INTRPT 13(indicates first word from de-
lay line), and LMMH (indicates that the last information was due to a multiply operation).

2-276. SELF-CHECK SERIAL COMPARE ERRORS. (See figure 10-30, sheets 26, 29,
30, 31 and 45.)

2-277. The simulated serial data channeled into the LVDCME via the computer serial
data input lines is voted on and compared with the originating serial input data. The
simulated serial data is then processed through history, data dlsplay and input/output
logic as previously described.

2-278. The input serial data is compared with originating serial data in self-check as in
normal operation (see paragraphs 2-162 and 2-163). However, there is a unique feature
which enables compare in self-check. The enable compare levels are called control ad-
dress compares (CAC1, 2 and 3) and are always present during normal operation as a
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result of a repeated CAD or STO operation decodes. In self-check, "t'h'e'operafion codes .
listed below must be programmed to enable the following compares to take place

1. Tape reader operation codes (TROP) 1 and 4, or TROP1 NOT, and 2 NOT and 4 =
(CAC1), enables SSMSC and AOC compares.

2. TROP2 and 4 or TROPZ NOT and 4 NOT and 1 = (CAC3), enables SSMBR and ADRSR
compares.

3. TROPI and 4 or TROP1 NOT and 2 and 4 NOT = (CAC2), enables SSMDR and INSDR
compares. :

4. TROP4 NOT and 3 and 2 NOT_ and 1 NOT eaabies IAbR cempare.

5. TROP4 and 3 and 1 enables word serial combare (SER).

6. TROP4 and 3 and 2 enables word parallel compare (PAR).

2-279. Compare errors unique only to self-check are stored in four latches which pro-
_ vide compare error PIO address (CEPIOADR), compare error PIO memory (CEPIOM),

compare error PIO accumulator (CEPIOA), and compare error instruction address
(CEIADR) outputs and their inverses. These latches are set as follows:

Latch ' Set by
CEPIOADR A non-comipare of data serial out (DTSO) and PIO ad-’
(Figure 10-30, sheet 20) dress serial out (PIOADRSO) data at clock pulse W,

phase B, CYC 3when enabling self-check compare.level
DIEADRCP is generated. DIEADRCP is a programmed
TAADR6 NOT, TAADRS5 NOT, TAADR4 NOT, TAADR3
NOT, TAADR2 and TAADR1 NOT.

CEPIOM _ . A non-compare of NMD7 and 2BDDTSO data during ML

(Figure 10-30, sheet 23) and clock pulse Z while under contirol of a self-check
enabling level. The enabling level is generated when
NA1l, NA2 and NA4 NOT are programmed during PIO,
phase B, bit gate 6 The enabling level is removed at

" phase A.
CEPIOA A non-compare of NMD7 and 2BDDTSO data at Z clock
(Figure 10-30, sheet 21) ~ when NA3 and compare enabling level AA are present.

AA is generated when NA1, NA2 and NA4 NOT are pro-
grammed during PIO, phase B, bit gate 6. The enabling
" level is removed at phase A, bit gate 6. .

CEIADR . A non-compare of address display register and tape
(Figure 10-30, sheet 32) reader register data (IADCOMP) during self-check,

* CYC 3, phase C and bit gate 2 when a compare enabling
level is present. The compare enabling level is gener-
ated when TROP1 NOT, TROP2 NOT, TROP3 and
TROP4 NOT are programmed.

TN
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2-280. TAPE READER SELF-CHECK,
2-281. The tape reader manual self-check features include:

1. The FREE RUN READER pushbt_ltton which allows energizing the tape reader trans-
port and tape reader read circuits while bypassing the normal LVDCME tape transport
controls (figure 10-30, sheet 14).

2. The FREE RUN SS pushbutton which allows generating an initiating pulse to all the
single shots. The tape reader timing clocks are thereby allowed to free-run for check-
out purposes. (See figure 10-30, sheet 7.)

3. A one word-at-a-time load feature. This is accomplished each time the START
pushbutton is pressed, after the '"1" pushbutton has been activated.

2-282. ADDITIONAL SELF-CHECK FEATURES,

2-283." DISPLAY SERIAL OUT. When in the MD mode, the tape reéder register and
serializer can be checked by using the DISPLAY SERIAL OUT pushbutton. (See paragraph
2-163.) This allows words from the tape serializer to be presented on the data display.

2-284. ERRORS DEVICES TEST. Anh ERRORS DEVICES TEST pushbutton is used to
check the operability of all error latches and all error lamps.

2-285. INVERT ERROR. Inthe ML mode, an invert error (INV ERR) condition is gen-
erated to prevent stopping the tape reader during a known error. The INV ERR latch is
set in the self-check mode by a tape address of 01000 and reset by a tape address of
00111. An invert error control pulse generated by a tape address decode of 00100 allows
the tape reader to run when an error is encountered.

2-286. PROGRAMS. A wired-in program allows manual check-out of the LVDCME data
display and a self-check tape program (the tape is part of the LVDCME) automatically
checks approximately 85 percent of the LVDCME, The wired-in program is explained in
Section VIII; the self-check tape program is explained in Section VII.

2-287. COMPUTER CONTROL.

2-288. COMPUTER STOP CONTROL.

2-289. The LVDCME stops computer operation when a power halt (PWR HLT) is re-
ceived from the power sequencing circuits or when a module or channel switching error
is detected. Computer operation is also stopped when computer single step (CST) opera-
tion is commanded in any of the following ways:

1. The STOP switch is pressed.

2. An address compare is obtained while SINGLE STEP - ON/OFF is ON.

3. AlCIO 106 instruction is received from the PTC.

4. Any PIO code is used in the operational program mode.

5. The LVDA single-step signal (DST) is received by the LVDCME.
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2-290. COMPUTER SINGLE STEP.

2-291. When a CST operation is commanded, the computer does not read any new in-
structions. However, if an interrupt, HOP or EXM operation is in process, CST is de-
layed until the process is completed. The contents of the history delay lines are re-
circulated during CST unless a multiply or divide is being performed at the time the CST
is commanded. In this case, the history multiply-divide delay lines continue to store
data until the multiply or divide is completed.

2-292. When the LVDCME is in CST and the ADVANCE pushbutton is pressed, CST is
removed from the computer for one word time and then reapplied. This allows the com-
puter to read and perform one instruction. The same restrictions that govern the applica-
tion of CST (paragraph 2-291) cover the reapplication of CST after the ADVANCE push-
button is pressed.

2-293. COMPUTER RESTART.

2-294. When computer operation is stopped by a halt signal (NHLT), the program is re-
started when the halt signal is removed. When the RESTART - AUTO/MAN/PTC push-
. button is set to MAN/PTC, a computer restart may be initiated by pressing the MANUAL
RESTART pushbutton or by issuing a CIO 116 (set HLT) and then a CIO 122 (reset HLT).
When the RESTART - AUTO/MAN/ PTC switch is set to AUTO, the computer program is
automancally restarted whenever an instruction address or data address compare occurs.

2- 295 MEMORY CLOCK CONTROL.

2-296. The LVDCME controls the timing of the computer memory clock by means of two
signals — A1-2MCN and A1-2MCL. These signals are controlled by the EARLY, NORMAL
and LATE pushbuttons. When the EARLY pushbutton is pressed, A1-2MCN becomes a
0" and causes the computer memory clock driver to be strobed early. When the LATE
pushbutton is pressed, A1-2MLC becomes a '"1" and causes the computer memory clock
driver to be strobed late. When the NORMAL pushbutton is pressed, A1-2MCN becomes

a "1'" and A1-2MCL becomes a "0 and the computer memory clock driver is strobed at
the normal time.

2-297. HISTORY STORAGE.
H

2-298. History storage is accomplished by three 13-word delay lines that store serial
AlI3, TRS, ADR, MR1, MD7 and PRO data. In normal operation, new data is continually
being loaded into the AI3 and TRS delay lines. These delay lines contain data from the
last 13 instruction cycles. Whenever the computer program is stopped, history data is
recirculated in these delay lines. The AI3 and TRS delay lines therefore store data from
the 13 instruction cycles before the computer was stopped. This data may be displayed
on the DATA display.

2-299. During mu1t1p1y divide operations, new data is being loaded into MR1, MDY or
PRO delay lines. These delay lines contain recirculated multiply-divide 1nformat10n
when no new multiply or divide operation is in progress.

2-300. Two types of data are time-shared in each of the delay lines: AI3 and TRS data
share the AI3/TRS delay line, ADR and MR1 datd share the ADR/MRI1 delay line, and
MD7 and PRO data share the MD7/PRO delay line.. Time sharing is accomplished by
interleaving the two types of data in the delay liné and then separating the data at the
output of the delay line. History data is available on the HISTAI3, HISTTRS, HISTADR,
HISTMRI1, HISTMD7 and HISTPRO lines.
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2-301. OPERATIONAL/TEST PROGRAM MODE SELECTION.

2-302. The LVDCME can be used to exercise a computer which is loaded with either the

" operational program or a test program. Since computer operation depends on the type
of computer program, the LVDCME may be operated in either the operational program
mode (OPM) or the test program mode (TPM). OPM and TPM are alternately selected
each time the OP/TP switch is pressed. The OP and TP lamps indicate the mode in
which the LVDCME is prepared to operate.
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SECTION I

INTERFACE AND CONTROLS

3-1. INTERFACE.,

3-2. All of the LVDCME interface signals appear at pins of connectors located on the
connector panel assembly 02A3 (figure 3-1) and connector panel assembly 01A11 (figure
3-2). Connectors 02A3J1 (SYNC) and 02A3J2 (MARKER) are single UHF type jacks,
connectors 02A3J3 (SP1) and 02A3J4 (SP2) are 5-pin connectors, and connectors 02A3J5
through 02A3J23 and 01A11J25 through 01A11J32 are 55-pin connectors.

-3-3. The interface signals and connectors are shown on the LVDCME cable diagrams
(figures 10-11, 10-18, 10-19, 10-20, 10-22, 10-23, and 10-24).

3-4. CONTROLS AND INDICATORS.

3-5. The LVDCME operating controls and indicators are shown on figures 3-3 through
3-6 and are described in figure 3-7. Test points that appear on the control panels are
included as indicators in figure 3-7. The location of each control panel on the LVDCME
is shown on figure 1-2,

3-6. In addition to the controls and indicators describea in figure 3-7, the AC Power
Gate Assembly (01B5) at the rear of the LVDCME contains a time totalizing meter (9999
hour) and the circuit breakers for the LVDCME AC input power,

3-7. The controls and indicators 6n the power supplies (01A5 through 01A8, 02A5,
02A6, 02A7, 02A9, and 02A10) are described in the commercial manuals for these power
supplies. (Refer to the list of related manuals.)

~ 3-8. Many of the LVDCME controls and indicators are pushbutton switches which con-
tain four lamp bulbs that light under certain conditions. The four bulbs (1, 2, 3 and 4)
are arranged as shown here: .
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Figure 3- 1;

Figure 3-2.
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3-9,  These bulbs can be wired in ma.ny conﬁguratlons the following six conf1gurat1ons .
are used on the LVDCME , . :

1. Bulbs 1 and 3 or bulbs 1and 4 const1tute one 1nd1cat10n

2. Bulb 1lor bulb 2 constltutes one 1nd1cat1on bulb 3 or bulb 4 constltutes a dlfferent
1ndlcat10n

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

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

5. Bulb 2 or bulb 3 constitutes one indication; bulb 1 constitutes a different indication;
~and bulb 4 constitutes a different indication.

6. Each lamp constitutes a dlfferent indication.

3-10. These wiring configurations, listed in paragraph 3-9, correspond to the following
patterns on the switch faces:

NOTE

Some indications are located on the faces
of switches to which they are not electri-
cally connected. - These indications are
explained in flgure 3- 1.

3-11. The following definitions are used in f1gure 3-1:

1. Momentary pushbutton/lamp. A momentary pushbutton/lamp is a momentary con-
tact pushbutton switch containing lamp bulbs that are lit only while the switch is being

pressed. The function controlled by the switch is in the "'1" state only while the lamp is
lit. ,

2. Pushbutton/lamp. A pushbutton/lamp is a momentary contact pushbutton switch
connected to the LVDCME logic so that its lamp bulbs remain or become lit after the
switch face is pressed. The function controlled by the switch is in the ''1'" stafe only
while the lamp is lit,
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3. Alternate action pushbutton/lamp. An.alternate action pushbutton/lamp is a DPDT
pushbutton switch (containing lIamp bulbs) whose state is changed by pressing the switch
face. The lamp bulbs within the sw1tch may be w1red in one of the following ways

a. A bulb (or bulbs) is always ht to indicate the state of the functlon controlled by the
switch, .For example, the ON portion of the ON/OFF alternate action pushbutton/lamp
shown here is lit only when the function it controls is on.

ON

OFF

"When the ON portion is lit, the OFF portion is not lit, and vice versa.’

A second example of this type of wiring occurs when the switch face is partitioned into
four areas as shown here:

Only one of the four lamp bulbs is lit at any time. When the switch féce is pressed, the
next clockwise lamp bulb is lit; a complete cycle occurs if the switch face is pressed
four times.

b. Bulbs within the switch are lit only when the function it controls is a '"1"". For ex-
. ample, the LAMP TEST alternate action pushbutton/ lamp shown here is lit only while a
lamp test operation is in progress, .

LAMP
TEST

When LAMP TEST is pressed-while its bulbs are lit, the lamp test operation ceases and
the bulbs are turned off. - When LAMP TEST is pressed again; ‘another lamp test opera-
tion occurs and the bulbs are again lit,
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Figure 3-3. Power Control Panel
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* MEMORY LOAD AND DATA DISPLAY ' .
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Figure 3-5. Memory Load and Data Display Panel-...-. «. . ..70 e
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INTERFACE EXERCISER
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Figure 3-6. Interface Exerciser Panel
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