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PREFACE

This manual contains all the necesséry information for the maintenance of the
RPC-4000 Computer System. The manual is divided into the following parts, each
preceded by its own Table of Contents:

SECTION 1: INTRODUCTION

SECTION 2: INSTALLATION

SECTION 3: OPERATIONS

SECTION 4: THEORY OF OPERATION

SECTION 5: MAINTENANCE

APPENDIX 1: RPC-4010 LOGIC EQUATIONS
APPENDIX 2: RPC-4500 LOGIC EQUATIONS

APPENDIX 3: RPC-4000 SYSTEM SCHEMATICS

APPENDIX 4: RPC-4010 CENTRAL COMPUTER SCHEMATICS

APPENDIX 5: RPC-4500 TYPEWRITER AND READER-PUNCH SCHEMATICS
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SECTION 1

INTRODUCTION

1.1 Purpose of Manuscript--This manuscript is issued as the basic source of tech-
nical information on the RPC-4000 Electronic Computer System. Descriptive data,
explanations of the theory of operation, and operating and maintenance instructions
are provided herein for the two units of the basic RPC-4000 system (the-RPC-4010
Computer and the RPC-4500 Tape-Typewriter System).

1.2 Purpose of Equipment--The RPC-4000 is a general purpose, solid-state, inter-

nally programmed, electronic computer system. It provides operating speeds, mem-

ory capacity, and operating features normally associated with larger computer sys-
tems. The RPC-4000 system is designed to meet the computing needs of scientific,

" engineering, and business data processing functions.

1.3 Description of System--The RPC-4000 system may :be assembled from a variety of
available peripheral equipment in addition to the RPC-4010 Computer and RPC-4500
Tape-Typewriter System covered in this manual. A complete manual is furnished for
each of the devices available for use with the basic RPC-4000 system (table 1-1).

TABLE 1-1

LIST OF AUXILIARY EQUIPMENT

MODEL NO. DESCRIPTION CHARACTERISTICS

RPC-4410 Photo-Electric Tape Reader Reads 500 characters
per second

' RPe o432
RPC-4431 Auxiliary Reader/Punch v Reads 60 characters 2‘4&9 20 cf
per second o

Punches 20 characters VW"J% é@(&ﬁ
per second

RPC-4440 High Speed Punch Punchés 300 characters
per second

RPC-4430 Auxiliary Typewriter Types 10 characters
per second

RPC-4600 Auxiliary Tape-Typewriter Identical to the RPC-
4500 but does not con-
tain master input/output
control

1.4 RPC-4010 Computer--The heart of the RPC-4000 system is the RPC-4010 Computer
(figure 1-1), which contains arithmetic and control registers and internal memory
for the system. Operation of the computer is under control of an internally stor-
ed program. The operator is provided with means to select any one of a wide vari-
ety of operational modes, ascertain internal states of operation by means of a
visual display and he may interrupt, intervene, or alter the system program through
an array of indicators and manually operated switches located on the control pan-
els. )




FIGURE 1-1 RPC 4010 COMPUTER

The RPC-4010 Computer is a two address, serial, binary, digital, calculating
device with a magnetic drum memory of approximately 8,000 words capacity. Mini-
mum command execution time is four word periods, or about one millisecond.

1.4.1 Word Structure

The basic unit of information is a word containing 32 bits, which may repre-
sent either a data word or an instruction word. When used as a data word, the most
significant bit position indicates the algebraic sign. The remaining 31 bits rep-
resent up to nine significant decimal digits in fractional binary representation.

Instruction words hold the command identification in the 5 most significant
bit positions, followed by two 13 bit addresses. The last address is that of the
next instruction to be searched for and executed. Each address identifies the
track number (first seven bits) and sector number (next six bits) which locate the
operand or instruction in main memory. ) '

The least significant bit position of each instruction word controls the
addition of the index register content to the operand address of the instruction



as it is used from memory. A zero in the least significant bit position leaves
the instruction unchanged. A one in the least significant bit position will aug-
ment the operand address by the number in the operand address portion of the in-
dex register. ‘

Normal numbers are represented in fractional binary notation as a sign and
31 bits. Negative numbers, with a "1'" in the sign bit, are held as two's comple-
ments. Multiplication produces a double length product with no sign bit in the
lower half. The lower half has only 31 bits, so the LSB is zero. A double length
number, such as produced by multiplication, is used as the numerator for double
length division. Also, shifting preserves the format of the upper and lower halves
of double length numbers (figure 1-2).
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FIGURE 1-2 WORD STRUCTURE

1.4.2 Registers

There are four l-word registers in the RPC-4010, each with a capacity of
one 32 bit word. Two of the registers are used as operating accumulators. They
are the upper and lower accumulators, designated U and L, respectively. The third
register is the command register, C, which holds instruction words. The fourth
register is the index register, X, which is used to modify operand addresses, to
hold the repeat count for a repeat command, and to hold the location of the operand
when a successful comparison has been made.

By application of appropriate exchange commands, the lower accumulator may
be operated in lengthened mode. That is, L is an eight word length register rather
than the normal one word length. 1In lengthened mode, the eight words in L have
primitive sector numbers O through 7, corresponding to the main memory sector num-
bers reduced modulo 8. Any addressed instruction operating on L, then operates on
the word or words with appropriate primitive sector numbers. When L is put in the

one word length mode, that word of lengthened L whose primitive sector number is the
same as the primitive sector number of the exchange command operand address will be
retained in L.

1-9



1.4.3 Memory

The magnéfic drum main memory contains 128 tracks, numbered O through 127.
Each track contains 64 words, which are identified by sector numbers O through 63
(figure 1-3). To decrease access time, two of the tracks are designated dual
access tracks, and one as a fast access track. In the dual access tracks, two
track numbers refer to the same track, but at different times. This permits
each word in such a track to be accessible twice during each drum revolution.
The fast access track is an 8 word circulating line with a main memory track ad-
dress, in which each of the 8 words is accessible 8 times per drum revolution.
The use of the above features decreases the total memory capacity below the po-
tential 8,192 words, but increases the speed of running optimized programs
(figure 1-4).

TRACKS O THRU |27

SECTORS O THRU 63

FIGURE 1-3 MEMORY DRUM

1.4.4 Phasing
Operation of the RPC-4010 Computer takes place in four phases. These are:
Phase 1 Search for Next Instruction
Phase 2 Read Instruction into Command Register
Phase 3 Search for Operand

Phase 4 Execute Commahd
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FIGURE 1-4 FAST ACCESS AND DOUBLE ACCESS TRACKS

The search phases (1 and 3) may take from 1 to 64 word times, determined by
the relative sector addresses of the instruction and operand word locations.
Phase 2 is executed in 1 word time, and for most commands phase 4 is also 1 word
time in length. For SHIFT, SHIFT LEFT AND COUNT, MULTIPLY, and DIVIDE commands,
phase 4 has a primary execution of 1 word time and a secondary execution, desig-
nated phase 4a, of up to 66 word times.

The repeat mode is applicable to all commands except SHIFT, SHIFT LEFT AND
COUNT, MULTIPLY, DIVIDE and REPEAT. The effect of repeat mode is to repeat the
execution (phase 4) of a command up to 128 times. Repeat mode is applied to a
command by preceding the command with a REPEAT command, which loads the repeat
count (the number of times the instruction is to be repeated) into the next in-
struction track of the index register. An instruction to which repeat mode is ap-
plied begins execution at its operand address and continues for the designated
number of sectors within the addressed track. That is, no change of track num-
ber occurs, but sectors are considered in turn, regardless of the starting point.



The duration of the secondary part of phase 4 for the SHIFT LEFT AND COUNT
and SHIFT commands depends on the number of places shifted. If the primary part
of phase 4 is one word period, the total SHIFT or SHIFT LEFT AND COUNT time is

4 word periods plus 1 word period for each bit shifted. The total phase 4 time
for MULTIPLY or DIVIDE is 67 word periods.

There are some exceptions to the normal phase sequence. A successful
TRANSFER ON MINUS or TRANSFER ON BRANCH CONTROL command uses what is normally
the operand address to locate the next imstruction. 1In this case, phases 4
and 1 are skipped, and phase 3 (during which the address is searched for) ad-
vances directly to phase 2. Consequently, these commands may take as little
as 2 word periods. Unsuccessful executions of these commands take ‘1 word per-
iod in phases 3 and 4, and a normal phase 1 is entered.

The computer will stop in blocked state, phase 3, in response to a STOP com-
mand, or when in one operation mode. A start signal from the START COMPUTE switch
will unblock the search for operand in phase 3, and allow the computer to proceed.
In one operation mode, blocked state is entered every time a command is read into
the command register.

1.5 RPC-4500 Tape-Typewriter--The basic input/output unit of the RPC-4000 system
is the RPC-4500 Tape-Typewriter System, which is composed of an RPC-4430 Paper
Tape Reader/Punch (figure 1-5) and a separately packaged RPC-4480 Typewriter

|

FIGURE 1-5 RPC 4430 READER/PUNCH



RPC-4480 TYPEWRITER

FIGURE 1-6 RPC 4480 TYPEWRITER

(figure 1-6). These two units are interconnected to form a multiple-function
system, capable of a wide variety of operations, both on-line and off-line.

1.5.1 RPC-4430 Reader/Punch

The RPC-4430 Reader/Punch provides communication into and out of the comput-
er by means of punched paper tape. The reader portion is capable of operating at
a speed of 60 characters per second; the punch section operates at a speed of 30
characters per second. All data moving into or out of the computer from any input
or output device passes through the system control section of the RPC-4430 Reader/
Punch, where parity checking is accomplished.

/'1.5.2 RPC-4480 Typewriter

The RPC-4480 Typewriter is designed specifically for the RPC-4000 system.
The typing speed is 10 characters per second under automatic control. The RPC-
4430 and RPC-4480 are so interlocked, that any combination of devices may be
used to produce both paper tapes and hard copy proofs. The effective speed of
any combination is that of the slowest unit. Keyboard operation of the type-
writer is identical to that of conventional machines except for the addition of
a SPECIAL key, which allows the operator to backspace both the paper tape in the
punch and the typewriter carriage.
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SECTION 2

INSTALLATION

2.1 Unpacking and Inspection--All RPC-4000 system installations will normally
be handled by Control Data service personnel. However, the equipment has been
designed so that installation in any office or engineering lab is possible with
little, or no, site preparation. Therefore installation may be accomplished by
the purchaser (table 2-1).

TABLE 2-1

RPC-4000 SYSTEM

COMPONENT DIMENSIONS

DESIGNATION | DESCRIPTION . w D H WEIGHT

RPC=-4010 Computer 46 3/4" 27" 34 3/4" 498 1bs.

RPC-4430 Reader/ 23 3/8" 27 5/8" 32 1/4" 246 1bs.
Punch

RPC-4480 Typewriter 46 3/4" 27 3/4" | 29 1/2" 244 1bs.:
and Table g ’

Each unit is carefully packaged and completely assembled, except for the
RPC-4480, which is packaged as two separate units--the typewriter and the desk.
Interconnecting cables are provided for completing all necessary circuits (fig-
ure 2-1).

2.2 Site Preparation--The compact, solid-state design of the system eliminates
most site preparation problems. The displacement factor of all units is less than
60 pounds per square foot. Standard 110-120 volt AC outlets provide the necessary
power to operate the system. Special air conditioning is not necessary, due to
the low heat dissipation of the equipment. ‘

2.3 Equipment Set-Up--Components of the RPC-4000 system may be arranged in any
convenient order as long as the interconnecting cables are plugged in as illus-
trated (figure 2-1). The memory drum must be prepared by removing the shipping
screw which bears against the end of the motor shaft. The shipping screw must be
replaced with a cap screw (figure 2-2).

CAUTION

Prior to initial starting, check the freeness
of the unit by rotating the drum manually (see
Section 5.4.1, Head Adjustment and Replacement
Procedure, Step 4).

Every typebar of the typewriter must be manually lifted to the platen before
the application of power, to prevent damage to the typebars.

5.4 Checkout--Initial checkout shall be performed by Control Data service per-
sonnel upon completion of each system installation.

2-5
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SECTION 3

OPERAT ION

3.1 Operating Controls and Indicators--The operating controls for the RPC-4000
system are contained on three control panels, in addition. to the typewriter key-
board. The RPC-4010 Computer control panel provides operator control of the com-
puter and the digital display on which the contents of the register are displayed.

The two control panels on the RPC-4430 Reader/Punch provide manual control of
the input/output devices, either on-line or off-line. The primary control panel
provides operator control over the complete RPC-4000 system and gives a visual
representation of the next character to be read. The auxiliary control panel gives
the operator manual control of the Reader/Punch and Typewriter whether they are op-
erating on-line or off-line.

3.2 RPC-4010 Control Panel--The computer control panel (figure 3-1) contains the
switches necessary to provide operator control of the computer and the digital
display on which the contents of the four registers are displayed.

The POWER ON and POWER OFF switches are non-latching. When the power is off,
no lights are on. When the POWER ON switch is depressed, a holding relay closes
which completes the AC circuit to the drum motor, fan, and DC power supply. When
the POWER ON button glows it indicates that the AC power circuit is complete.

POWER ON POWER OFF

L SECTOR DISPLAY
D D . —

HBRANCH CONTROL

SET EXECUTE LOWER
START COMPUTE  ONE OPERATION INPUT MODE ACCUMULATOR

HpEpNyn

32 . [ ) 2 VERT POS  HORIZPOS  WIDTH RECORD

(] |
J 00000 (660 ¢.@

16-32

X

FIGURE 3-1 RPC 4010 CONTROL PANEL

Recording is prevented by a time delay until the drum reaches full speed in
order to prevent loss of data from main memory. When the time ‘delay relay closes,
power is available for the rest of the control panel lights. The START COMPUTE
light is turned on, and other lights may be on, depending on the setting of the
switches. This indicates that the computer is ready to operate.

There are two indicator lights, a red one labeled STOP and an amber one la-
beled COMPUTE. The COMPUTE light is on when there is continual cycling through
the phases, and the STOP light is on when the computer is stopped in phase 1 or
phase 3. When the computer is stopped, it may be started by pressing the button
labeled START COMPUTE. ‘

The switch labeled ONE OPERATION is a latching switéh. When it is depressed,
the computer will stop in phase 3 after the execution of each instruction.



The effect of the SET INPUT MODE switch is dependent on the ONE OPERATION
switch. With the ONE OPERATION switch depressed, the SET INPUT MODE switch con-
ditions the computer to accept information from the input devices by setting an .-
INPUT command (08) in the order flip-flops. with the ONE OPERATION switch not
depressed, the SET INPUT MODE switch clears the lower accumulator.

The EXECUTE LOWER ACCUMULATOR switch is effective only when the ONE OPERATION
switch is depressed. When it is depressed in the ONE OPERATION mode, the lower
accumulator, rather than memory, becomes the source of the next instruction.

To input and execute an instruction manually, the following steps are fol-
lowed:

1. Depress ONE OPERATION.

2. Depress SET INPUT MODE.

3. Depress EXECUTE LOWER ACCUMULATOR.

4. Read in one or two words from the typewriter or tape. If two words
are read, the first word goes into the upper accumulator. The last
word entered remains in the lower accumulator and is the instruction
to be executed.

5. Depress START COMPUTE (or stop code on tape, or stop code key on type-
writer).

The instruction in the lower accumulator will be transferred to the command
register and executed. To input additional instructions and execute them, repeat
steps 3, 4, and 5.

The BRANCH CONTROL light comes on when the branch control flip-flop is turned
on. Depressing the BRANCH CONTROL switch resets the banch control flip-flop. The
BRANCH switches, labeled 1, 2, 4, 8, 16, and 32 are used in conjunction with the

- SENSE (00) command to sense the operand track number of this command. When any
bit of the track number corresponds to a depressed BRANCH switch, the branch con-
trol flip-flop is turned on. :

The DIGITAL DISPLAY is a cathode ray tube covered with a mask to designate
the four sweeps which display the contents of U, L, C, and X. Three controls are
provided beneath the face of the oscilloscope to allow the operator to align the
four sweeps in their respective windows. Two RECORD switches are located under
a sliding panel to protect a program that is to be stored permanently. The left
hand switch inhibits recording in tracks O through 15. The right hand switch
inhibits recording in tracks 16 through 31.

3.3 Control Panel Operations--The operator may step through a program without
executing any of the commands, by manipulating the SET INPUT and START COMPUTE
switches, with the computer in one operation mode. With the ONE OPERATION switch
depressed, the SET INPUT switch is depressed. This sets up an input order which
is executed instead of the order in the C register, which remains unchanged.

When the START COMPUTE switch is depressed, the input order is initiated and the
computer stops in phase 1. Pressing the START COMPUTE switch will then end the
input cycle and replace the contents of the C register with the contents of the
memory location specified by the previous next instruction address in C. Because
the ONE OPERATION switch is latched, the computer then stops in phase 3.




If the operator wishes to step through a program, executing one operation at
a time, he may do so by depressing the ONE OPERATION switch. When the START COM-
PUTE switch is depressed, the computer will execute the instruction in C, copy
the next instruction into C and stop.

To enter a bootstrap routine into the computer, both the ONE OPERATION and
EXECUTE LOWER ACCUMULATOR switches are latched, and the SET INPUT switch is de-
pressed. When the START COMPUTE switch is depressed, the input command set up
by the SET INPUT switch is executed and the selected input device is started.
After the information is read into the computer, the input device sends the com-
puter a start signal as a result of: reading a stop code on the tape, depressing
the stop code key on the typewriter, or depressing the START COMPUTE switch on
the primary control panel of the RPC-4430 Reader/Punch, which placés the computer
in phase 3. With the EXECUTE LOWER ACCUMULATOR switch latched, the instruction
which has just been read into L is transferred to C before phase 3 is entered.

The START COMPUTE switch is depressed to execute the instruction, and the SET IN-
PUT switch is depressed to set the computer for another input. Both the ONE OPERA-
TION and EXECUTE LOWER ACCUMULATOR switches are unlatched, and the START COMPUTE
switch is depressed to execute the input instruction. When these last operations
are completed, manual loading is finished and the balance of the bootstrap program
enters the computer under program control.

3.4 RPC-4430 Primary Control Panel--Control of input and output of information is
exercised through the primary control panel of the RPC-4430 Reader /Punch, located
on the top right hand side of the unit (figure 3-2). The functions of the switches
on this panel are as follows:

SYSTEM POWER is a two-position switch which is used to turn electrical power
on or off for all input and output devices in the system. The POWER switches on
the individual input or output devices are connected in series with this SYSTEM
POWER switch, so that both switches must be on to apply power to.the unit.

SINGLE CHAR. MODE is a two-position switch used to stop input and start the
computer after each character is read. The SINGLE CHAR. MODE switch also enables
the computer to receive some characters it would otherwise ignore. The computer
cannot be used in lengthened lower mode with the RPC-4500 in single character
mode.

There are two switches associated with the PARITY MONITOR. INHIBIT is a two-
position switch used to inhibit parity checking of input data when latched.” RESET
is a momentary switch to reset the error when a parity error is detected and the
computer stops.

The MASTER RESET switch, when depressed, disconnects all selected input and
output units from the computer.

There are two switches associated with INPUT DUPLICATION. The SELECT switch
allows selected output devices to duplicate input data as it enters the system.
The RESET switch inhibits input duplication.

The START READ and STOP READ switches are used to initiate and inhibit the
operation of the selected input device.

The START COMPUTE switch manually initiates computer operation.
In addition to the controls on the primary control panel, there are seven

character indicator lights which represent the bit pattern of the next character
to be read into the computer. v
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3.5 RPC-4430 Auxiliary Control Panel--In addition to its operation as the input/
output control unit of the RPC-4000 system, the RPC-4500 Tape-Typewriter System
may be used off-line as a tape controlled, tape producing, manual or automatic
typewriter. Selection of input or output units to be connected to the computer




is also controlled by the auxiliary control panel located on the top left hand
side of the RPC-4430 Reader/Punch (figure 3-3).

The POWER switch turns the RPC-4500 power on or off. The SELECTION MONITOR
indicator glows, indicating that a unit of the RPC-4500, selected for operation
with the computer, is in the off-line mode of operation.

SELECTION
POWER MONITOR
TYPEWRITER READER TO AUX TYPEWRITER

TO COMPUTER COMPUTER TO COMPUTER

COMPUTER TO COMPUTER COMPUTER TO
TYPEWRITER TO PUNCH AUX- TYPEWRITER

f

READER TAPE PUNCH TAPE
MONITOR MONITOR

U

OFF LINE
CONDITIONAL
STOP TAPE FEED
TYPEWRITER READER P INCH
SELECT SELECT SELECT
SINGLE
STaRT READ STOP READ CHAR . MODE

FIGURE 3-3 RPC 4430 READER/PUNCH AUXILIARY CONTROL PANEL



Six switches are provided to manually interconnect the input and output units
of the RPC-4500 with the computer. The labels on these switches indicate their
functions as follows: TYPEWRITER TO COMPUTER, READER TO COMPUTER, AUX. TYPEWRITER

TO COMPUTER, COMPUTER TO TYPEWRITER, COMPUTER TO PUNCH, and COMPUTER TO AUX. TYPE-
WRITER.

TAPE MONITOR lights are provided for both the tape reader and the tape punch.
When either of the units is out of tape, or the tape is jammed, the light will
glow to indicate the unit that is inoperative.

The CONDITIONAL STOP switch is depressed to allow continued operation of an
input device when a stop code is sensed.

The TAPE FEED switch is depressed to punch sprocket feed holes in the paper
tape.

Three switches are provided to select the RPC-4500 units to operate in the
off-line mode. The switches are labeled: TYPEWRITER SELECT, PUNCH SELECT, and
READER SELECT. START READ and STOP READ switches are provided to initiate or
inhibit reader operation in the off-line mode. The SINGLE CHAR. MODE switch al-
lows the reader to read only one character and stop.
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SECTION 4
THEORY OF OPERATION

4.1 General-~The logical design of the RPC-4000 computer system is based on the
specification of conditions under which the states of the internal fllp—flops are
determined, or output signals are generated These conditions are described sym-
bolically as logical function of the states of these flip-flops and inputs to the
logical network.

The algebraic equations used in describing logical operations are expressed
as minus five volts corresponding to the on (or true) state of the signal, and
zero volts corresponding to the off (or false) state of the signal.

With respect to the flip-flops, an unmodified character denotes the signal
derived from the on side of the flip-flop, and an underscored character denotes
the signal derived from the off side of the flip-flop. For example, with flip-
flop F on, the F output is true (-5V) and the F output is false (OV). With F
off, the F output is false (OV) and the F output is true (-5V).

The conditions required to set a flip-flop on or off are denoted by a
prime (') symbol after the character, thus the equation F' = F GH + ... indi-
cates: set the F flip-flop true if F is false, G is true, and H is false. The
plus sign followed by three periods indicates that the F' signal may be generated
by additional terms not included in this equation. :

For the purpose of understanding the theory of operation, the RPC-4000 com-
puter system may be divided into five major sections: the control panel, the main
memory, the four operating registers, the logic sections, and the input/output
section (figure 4-1).

INPUT/OUTPUT UPPER
- SYSTEM ™ laccuMuLATOR
: LOWER
™1 ACCUMUL ATOR
COMMAND
i
CONTROL REGISTER
PANE L
- INDEX
REGISTER
el )
LOGIC MAIN
- SECTION | o=l MEMORY

FIGURE 4-1 RPC 4000 COMPUTER SYSTEM BLOCK DIAGRAM



4.2 RPC-4010 Computer--The control panel contains the switches necessary to pro-
vide operator control of all computer functions. A display of the contents of the
four operating registers is provided on the panel, along with associated controls.

Main memory is composed of 8,008 words of storage on a magnetic drum, and the
associated logic necessary to locate a specific track and sector of the drum. One
hundred twenty-eight track addresses are provided, each with sixty-four sectors
of one word length (32 bits). :

The four operating registers are normally one word circulating lines, record-
ing on and reading from the magnetic drum.

The logic section of the RPC-4010 Computer contains the electronic circuits
which perform control and arithmetic functions according to program or operator
instructions. ,

The input/output section is composed of a typewriter, a paper tape reader,
a paper tape punch, and the logic required for co-ordinating these devices with
the computer. These units are described in. section 4.10 of this manual.

4.3 RPC-4010 Control Panel--The controls on the RPC-4010 Computer provide the
means of determining the mode of operation and a visual display of the state of
selected components of the computer.

POWER ON is a momentary pushbutton which applies AC power to the computer
elements by energizing Relay K-1 (figure 4-2). In turn, Relay K-1 completes a
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holding circuit through overload Relay K-2 and the POWER OFF pushbutton. Relay
K-1 also completes the AC common circuit, applies an AC potential to switch S-1,
completes the AC circuit ‘to transformers T-1 and T-2, applies a -15 volt DC po-
tential to Relay K-3, and applies DC ground to switch S-1.

With AC power applied to the drum motor, a 90 second time delay relay on the
drum completes the AC circuit to K-4, a 90 second time delay relay in the power
control section. These relays allow approximately three minutes for the drum to
reach operating speed before energizing Relay K-3. Relay K-3 applies the -15 volt
DC Rg signal to memory, allowing information to be written into or read from mem-.
ory. Relay K-3 also completes the 6.3 volt AC circuit from transformer T-1 to the
control panel lights.

The -15 volt DC is applied to Relay K-3 through Relay K-1. When a line tran-
sient occurs which is large enough to make Relay K-1 drop out, recording is immed-
ijately inhibited so that resulting transients from the DC power supplies can do no
damage. Thus, memory is protected against transients which might turn the computer
off.

With S-1 (the DC switch) in the on position, the AC circuit is completed to
the DC power supplies, and DC ground is applied to the amplifier card and to the
POWER ON light.

The POWER OFF pushbutton opens the K-1 relay holding circuit. When K-1
opens, all power to the computer is removed, except to the POWER ON pushbutton.

The START COMPUTE switch is a momentary make-before-break pushbutton which
holds the computer start compute signal (bg) to the same potential as the start
compute signal (Zg) from the RPC-4430 Reader/Punch. When the START COMPUTE
switch is depressed, or when Zg from the Reader/Punch goeées true, input enable
is pulled false and bg is pulled true by a resistor on the logic board. The
make-before-break prevents contact noise from giving the effect of multiple
start signals (figure 4-3).

START b 03-73-5I_ :—— ]
.|
|

COMPUTE S l

I
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INPUT /OUTPUT 2 5 |
| I T
INPUT ENABLE — ]
SIGNAL FROM  Z, 0572 | Py
INPUT/OUTPUT | 1
S-10

NON-LATCHING, SHORTING

FIGURE 4-3 START COMPUTE CIRCUIT



The ONE OPERATION switch is a two-position pushbutton which, when depressed,
allows the computer to operate through one cycle of the four phases and then stop,
rather than operate continuously. When ONE OPERATION is not depressed, the exe-
cute lower accumulator signal (bc) is held to ground, effectively interlocking
the EXECUTE LOWNER ACCUMULATOR and SET INPUT pushbutton (figure 4-4).
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FIGURE 4-4 ONE OPERATION INTERLOCK

Pressing the SET INPUT MODE momentary contact pushbutton is effective only
when the ONE OPERATION pushbutton is depressed, as indicated when both the ONE
OPERATION and SET INPUT MODE pushbuttons glow. When depressed, contacts 1 and 2
of the SET INPUT MODE pushbutton remove ground from the set input signal (b )
and contacts 5 and 6 hold bgq to ground. This sets the lower accumulator to non-
lengthened mode, and forces the order (Q) flip-flops into the input mode, thus
conditioning the computer to accept information from input. Also, the operand
track in the command register is set to zero, to insure that the character flip-
flops reset and that the computer will accept input in four-bit mode. The lower
accumulator is set to zero at this time to accept input data. 1In addition, the
phasing flip-flops are set to phase 3. “

The EXECUTE LOWER ACCUMULATOR switch is a two-position pushbutton, which is
effective in the one operation mode only. When depressed, the b, signal is held
true, and the lower accumulator (either lengthened or non-lengthened), rather
than memory, is the source of the next instruction word.

When in the normal, or off position, contacts 2 and 3 are open, allowing b,
to go negative, and contacts 4 and 5 are closed, holding b, to ground. This
causes memory (V) to be the source of the next instruction.



The light under the BRANCH CONTROL pushbutton indicates that the branch con-
trol flip-flop is on. The BRANCH CONTROL pushbutton lets the reset signal (by)
go on. This resets the branch control flip-flop, which turns off the light under
the pushbutton.

The two-position branch switches, labeled 1, 2, 4, 8, 16, and 32, are used
in conjunction with the OO (SENSE) command. The six switched lines are normally
held to ground (false). When depressed, the ground connection is broken, allow-
ing the output to go true, and causing the light under the pushbutton to glow.
(See Section 4.9.2, description of the 00 (SENSE) command for operation.)

Two RECORD switches are provided which control the record voltage (Re) to
columns O and 1 of the main memory head matrix. In the on position, the 0-15
switch allows normal record/read functions on tracks O through 15. When it is
in the off position, record or read functions may not be carried out on tracks

O through 15. This non-record /read is accomplished by opening the Re circuit
to column O. Similarly the 16-31 switch controls column 1 of the main memory
matrix. These switches are used to protect the information recorded on tracks

O through 31.

4.4 Digital Display~--The digital display is located on the right side of the
control panel. Associated with the display are the sweep positioning and size
controls, and the L SECTOR DISPLAY switch.

The contents of the U, L, C, and X registers are displayed on the digital
display tube. Each register is displayed cyclically for one word period out of
every eight.

The digital display circuits are contained on two cards, the horizontal drive
card and the vertical drive card. The horizontal drive circuit applies a sawtooth
sweep signal to the horizontal deflection plates of the oscilloscope display tube.
The vertical drive circuit provides four sweeps, vertically displaced from each
other, and applies the digital information to be displayed to the vertical deflec-
tion plates (figure 4-8}).

On the horizontal drive card (figure 4-5), flip-flop FF, composed of transis-
tors Q8 and Ql1, controls the sawtooth generator. When FF is off, the horizontal
sweep occurs; when FF is on, the retrace occurs. During the sign bit period of
each ‘word, timing signal tg is true. FF is turned off by the leading edge of a
te pulse and is turned on at the end of the following tg. Thus, FF is off for
33 bit periods (one word period plus one bit period) for the horizontal sweep.
This arrangement allows the horizontal sweep one bit period in which to become
linear. A mask on the face of the oscilloscope prevents the display of the extra
bit.

The horizontal sweep is produced by a sawtooth generator composed of transis-
tors Ql and Q2. With FF true, Q2 is conducting and holds the base of Q5 to ground.
When FF goes false, Q2 cuts off, allowing Q1 to pull the base of Q5 negative. As
Q5 begins conducting, Q6 and Q8 convert the current waveform produced into a volt-
age waveform of the proper amplitude for one horizontal plate. Transistors Q7 and
Q10 function in the same manner to produce a voltage waveform of the proper ampli-
tude for the other horizontal plate. Thus, the horizontal sweep is produced during
alternate word periods.

The vertical drive card (figure 4-6) selects the four registers sequentially
by the use of a counter. The two flip-flops which are connected to form the
counter are referred to only as A and B in this description. A is composed of Ql
and Q3; B is composed of Q2 and Q4. Flip-flops A and B change state only when FF
is changing state from false to true. This occurs at intervals of two word per-



iods, and the counter remains at each count for two word periods. Diode logic
gates combine the four signals, A, A, B, and B, into AB, AB, AB, and AB. These
signals are combined, in another dlode gate, with the 1nverted read 51gnals of
the four registers}fU, C, L, and X. The output of this gate is designated, in
this description only, as Ru', the input signal to Q6. The logical equation is:

Ru' = (ABU+ABL+ABC*+ABX)FE
The output of 06 (Ru) is the information to be displayed. It is fed through
the vertical gain control to the lower vertical deflection plate.

The combined signals from A and B are sent to the upper vertical plate
through the vertical positioning circuit. AB is connected directly to the base
of Q5 to produce the upper trace. AB and AB are connected through the L-position
and C-position p&Stentiometers, respectlvely, to the base of Q5 to produce the two
intermediate traces. These two traces are independently adjustable. AB bypasses
Q5, producing the lowest %race:

The counter remains-in each of its four states for two word periods (figure
4-7). During the first word period, the content of U is displayed as the upper
trace, followed by one word period of retrace. In the third word period, the
content of L is displayed as the upper intermediate trace, followed by one word
period of retrace. During the fifth word period, the content of C is displayed
as the lower intermediate trace, followed by one word period of retsace. In the
seventh word period the content of X is displayed as the lowest trace, followed
by one word period of retrace. The length of a complete cycle is 2 milliseconds,
2 of a millisecond for each display. The cyclic rate is such that four simul-
taneous traces appear on the face of the tube.
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When L, the lower accumulator, s in lengthened mode, i}e., eight words long,
different information is read froh [7every word time. When eight word times have
elapsed, the words are repeated. Since the Ru logic allows the same word to be
displayed every eight words, only one word of lengthened L will be displayed. By
selecting the primitive sector numbers, the L SECTOR DISPLAY switch selects which
of the eight words in the eight word line is to be displayed.

The last bit time of every eighth word is.defined by timing pulse tg, which
occurs simultaneously with tg during word period 7. The flip-flop, composed of
Q3 and Q4 on the horizontal drive card is set true by tg and remains true during
word period O. The equation S] tg is true at sign time of every word period
except when tg is true. 'S; tg sets the flip-flop false at the end of word period
0, and it cannot go true until the next tg sets it true. Hence it is true only
during word period O. The true output of this S; tg flip-flop is combined with
timing pulse tg in an AND gate. This term is true at tg time, which is near the
middle of the word period, and pulls the three wipers of the L SECTOR DISPLAY
switch negative. The position of the L SECTOR DISPLAY switch forces flip-flops
FF, A, and B to assume any one of eight possible combinations during word O.

Each of the eight different combinations will allow a specific word, of the
eight words of lengthened L, to be displayed. During the remaining seven word
periods the flip-flops count as indicated. L is displayed only when A, B, and
FF are all false. The words in the other registers are unaffected since they
are repeated every word time. o
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4.5 Memory--The storage of all programs and data in the RPC-4010 Computer is on
the magnetic drum. The magnetic coating of the drum is capable of storing approx-
imately 256,000 bits (8,000 words of 32 bits) of main memory, and 640 bits (20
words of 32 bits) of temporary storage. It contains four permanently recorded
timing tracks. 1In addition, spare tracks are provided.

The drum is a tapered aluminum cylinder coated with magnetic material. It
is driven by a synchronous motor at 3,600 RPM. Thus, one drum revolution is
about 17 milliseconds, one word time is 260 microseconds, and a bit time is 8.2
microseconds.
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The heads read and record on a track which is 0.025 inches wide. Each track
is divided into 64 sectors containing 32 bits, giving 2,048 bits per track. The
tracks are numbered 000 through 127 and sectors are numbered OO through 63. Any
word recorded on the drum may be located by specifying its track and sector num-
bers. For example, the word recorded on sector 62 of track 15 is addressed as
01562. Selection of main memory record/read heads is made by the track selection
matrix. The specific head addressed is selected by activating the row and column
which intersect the head circuit (figure 4-9). The sector is found by comparing
the sector with the permanently recorded sector numbers on the S timing track.
When these match, the following sector is selected. Timing and wave forms of the
various signals are illustrated in figure 4-10.
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4.5.1 Read and Record Technique

Information is recorded on the drum by the Ferranti or phase modulation
method. This method takes advantage of the fact that a change of direction of
magnetic flux in the middle of a bit will generate a positive voltage in one
direction. If the change is in the opposite direction, a negative voltage will
be generated. With data recorded as phase information rather than amplitude in-
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This is opposed to NRZ (non return

each bit has a definite signal.

formation,

to zero) recording, wherein a signal occurs only at a change of bit information.

Each read/record head (figure 4-11) has a center-tapped winding on two

The sil-

The pole pieces are separated by a silver shim.
ver provides a high reluctance path, causing the magnetic flux to pass around the

pole pieces of ferrite.

At this point, the read/record head is 0.0013 of an inch.

from the magnetic surface of the drum, and the magnetic flux will magnetize the

shim through the air.
drum surface.

4-19
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FIGURE 4-11 READ RECORD HEADS

A current of 200 milliamps applied to the A side of the head will generate
a magnetic flux in the clockwise direction. As this flux passes the air gap, the
surface of the drum will be magnetized. To complete recording of a bit, a 200
milliamp current is applied to the B side of the head one half bit period later.
This generates a magnetic flux in a counter-clockwise direction. This flux mag-
netizes the drum surface in the opposite direction as it passes the air gap.
The phase shift required for Ferranti recording may be caused in either direction
By starting with the A or B lead. The direction of magnetism of the recorded
areas on the drum surface will allow translation as they are read.

Reading of information from the drum surface takes place as the recorded
areas pass under the head. The magnetization of each recorded area will cause a
flux to be generated in the pole pieces of the head. As the flux changes direc-
tion, a voltage is induced in the head windings. At clock time, this voltage is
read and amplified. A '"one'" or a '"zero'" is set into a read flip-flop on a read
amplifier card, depending on the direction of the voltage.

The head voltage signal has two frequencies. All '"one" or all '"zero" sig-
nals have a frequency of 120 KC, and the alternating "1'", '"O'', '"'1", "O'", etc.,
signal has a 60 KC frequency. This frequency change is characteristic of the
Ferranti recording system. There is always a signal peak in the middle of each
bit, and the peak is clocked into the flip-flop to identify the bit.

4.5.2 Clock and Timing Tracks

The clock track is recorded on the drum and is read by a read head connected

to the clock read amplifier. The head voltage is fed to transformed Tl. on the

clock read amplifier card. The outputs of Tl are amplified and drive the flip-

flop composed of Q2 and Q3. The input to this read amplifier is approximately a
sine wave, while the outputs CFF and CFF of the clock flip-flop are square waves
with a period of approximately 8 microseconds.

Each clock flip-flop output triggers a blocking oscillator on the clock
generator card (figure 4-12). The true side of the clock flip-flop triggers Q1
to drive switch Q2 and generate clock pulse T2. Through a 3 microsecond delay,
switch Q3 is driven to generate T4.



FIGURE 4-12 CLOCK GENERATOR

The false side of the clock flip-flop triggers Q4 to drive switch Q5 and
generate clock pulse Tl. Through a 3 microsecond delay. switch Q6 generates clock
pulse T3; clock pulse T5 is generated by another blocking oscillator driven by Q7..
Clock pulses T1l, T2, T3, and T4 are about one half to one microsecond wide with a
rise time, from -5 volts to ground, of one tenth of a microsecond. Clock pulse T5
is 2 microseconds wide and goes from above ground to approximately -5 volts.

Timing tracks S7, Sp, and S3 are recorded on the drum and are combined to
identify order time, operand address (track and sector), next instruction address
(track and sector), and index time (figure 4-13). Track S; contains the sector
number of every sector as 6 bits of information which occur twice during every
word time. Track S, is true every word time during next instruction address.
Track S3 is false during both sector times of each word. Bit position 31 in S3
is true in all sectors whose numbers are divisible by 8 and false in all other
sectors. Bit 31 is used to form the tg signal. ‘

The read amplifiers used for the timing tracks are the same as those used
for the circulating registers described below. The outputs of the read flip-
flops in each amplifier are designated sj;, sp, and s3. A second flip-flop is
driven by the first, one bit time later. The outputs of the second flip-flops
are designated Sj, Sy, and S3. The six flip-flop outputs are logically combined
to give the timing signals tj through tg.

4.5.3 Circulating Lines

The circulating lines or registers provide fast temporary storage. Each
such line consists of a record head and one or more read heads on the same track
of the magnetic drum (figure 4-14). ''Circulating'" means that the output of a
read head is routed to the record head. This causes the contents of the track
to be preserved and available for access during each word time.
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The record amplifier drives current through the write head windings to
write a one or a zero on the drum. Later the bit is sensed by the read head,
the output of which is sent to the read amplifier card. On this card, the read
head signal is amplified and clocked into the read flip-flop. The read flip-
flop signal, a, is clocked into a second flip-flop, A, which presents the in-
formation to the record amplifier through the logic board. The second flip-
flop, A, is used in the read circuits of all circulating lines. 1In order to
overcome the delay inherent in this method of recording, information is read
into main memory from the output of the read flip- flop of the circulating lines
one bit early.
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The five registers in the computer are designated as: U, upper accumu-
lator; L, lower accumulator; C, command register; X, index register; and D,
Track 127 register.

U is normally one word long. Its function is to hold, receive, or send
information to main memory, L or X. During multiply and divide operations, U

is extended to two words plus one bit by using the U* read head. This is con-
trolled by the computer logic.

L is normally one word long and its function is to supplement U. During
lengthened mode operation, L is extended to eight words by using the L* read
head. This is accomplished through program control.

C is a one word register which holds the instruction to be executed.
The instruction is composed of the command, operand address, next instruction
address, and index bit.

X is a one word register which is used to modify other computer words.

D is an eight word register which is used for fast access in main memory.
It is addressed as track 127.

4.5.4 Record Amplifier

Bits to be recorded on the circulating lines enter the record amplifier
through Q1 on the record amplifier card (figure 4-15). They are clocked, by
clock pulse T1, into the flip-flop composed of Q4 and Q6. The output of Ql de-
termines the state of the flip-flop; if negative, Q4 is turned off, .or if ground,
Q6 is turned off. The flip-flop is complemented by clock pulse Tz. Clock pulse
T, occurs in the middle of a bit time by gating the inputs of Q4 and Q6 through
switches Q2 and Q7. Clock pulse To turns Q4 off if Q7 is negative, and turns Q6
off if Q2 is negative.

The state of the flip-flop determines whether output transistor Q3 or Q5
is conducting. A 200 milliamp current flows through one side of the head to re-
cord on the drum. The complementing of the flip-flop causes the recording cur-
rent to switch to the opposite winding of the record head, producing the phase
shift.

4.5.5 Read Amplifier

The output of the read heads is connected to a two stage differential
amplifier (figure 4-16). Transistor Q8 drives switch Q5. Transistor Q10 drives
switch Q6 to set the flip-flop composed of Q2 and Q3 to '"one'" or ''zero," depend-
ing on the phase of the input to the Read Amplifier. The output of this flip-
flop is 'u" "c" "1" "x" or "d". This output is used to read-into main memory.
It also sets a second flip-flop one bit time later, producing "U" "C' "L" "X"
-or "D".

The upper and lower accumulators have a second read head which is loca-
ted beyond the normal head. These heads are designated as follows: "L*¥" . which
allows eight words to be circulated in the lower accumulator, and "U*", which
allows two words plus one bit to be circulated in the upper accumulator.

4.5.6 Main Memory

Information to be written in main memory is presented to the vp' flip-
flop (figure 4-17) from "u" or "1" through transistors Q9 and Q2. The infor-



mation is then gated into the flip-flop by T3. T4 reverses the state of the
flip-flop in the middle of each bit time, providing the necessary Ferranti

phase shift.
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FIGURE 4-~15 RECORD AMPLIFIER

The output switches of VR, viz., Q4 and Q8, are gated by transistors Q2
and Ql0, which are controlled by the W flip-flop (figure 4-18). 1In order to re-
cord in main memory, W must be true. The state of W in the logic indicates the



early write period as the selected sector is under the selected main memory head.
Transistors Q4 and Q8 are also gated by clock pulse Ts. Ts5 stops recording ear-
ly enough to prevent end record signals at Tp time.
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FIGURE 4-16 READ AMPLIFIER

4.5.7 Column Drivers

The output of the Vg flip-flop goes to the column drivers (figure 4-9).
Selection of a specific one of the eight columns is determined by eight settings
of the Py, Py, and P3 flip-flops, combined through a diode AND gate. Thus, the
specific combination of the P flip-flops will select the output, and allow re-
cording in a selected row intersecting the column in the head matrix.

4.5.8 Row Drivers

In order to select the row which designates the heads in a column to be
selected for recording, the settings of the P4, P5, Pg, and P; flip-flops are
combined in a transistor AND gate on the row driver card (figure 4-9). For ex-
ample, each of the P flip-flops controls a transistor. The outputs of the trans-
istors are-combined logically. to apply a negative voltage to the selected row.
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The center taps of eight heads (O, 16, 32, 48, 64, 80, 96, and 112) are
‘driven to -15 volts by the selection of yow zero. If column one has been se-
lected by the column driver logic, the outputs of Vg and VR will go to memory
heads 16 through 31. At head 16, the VR or VR signal will allow 200 milliamps
to flow through the selected head winding to write on track 16. The W signal
will go true and allow VR or VR to be true only during the selected sector

time.

To read from main memory (figure 4-19) the column driver selects a col-
umn by combining the P;, Py, and P3 flip-flop outputs. If P1, Pp, and P3 are
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false, transistor Q9 is cut off and all the other transistors are conducting.
With Q9 cut off, the output of column zero will be read.

The P4, Ps, Pg, and Py flip-flops select a row to be read by applying
-15 volts to the center taps of all heads in the row. As in the write process,
the matrix selects the one head with a negative voltage on the center tap which
intersects the selected column. The output of the selected column driver goes
to the main memory read amplifier. Just as with the circulating lines and the
clock, the main memory read amplifier is composed of a differential amplifier
which drives the read flip-flop, V. Unlike the other two types of read ampli-
fiers, the signal is not repeated through a second flip-flop, but is used di-
rectly in the logic.

4.6 Logic Board--The logic equations specifying the conditions necessary to
perform various operations in the RPC-4010 Computer are implemented by diode
logic gates (figure 4-20) located on the logic board. By combining the logi- :
cal AND and OR terms, the electronic elements achieve the desired electronic

and logical results. The logical product is defined as an AND gate, derived
from the fact that for the product of terms to be true, they all must be true.
The logical sum is defined as an OR gate, derived from the fact that the sum of
the terms is true, if any one is true. :

The logical product of signals A and B is developed when both signals are
true (-5V). When both signals are true, the top of R-1 is clamped to -5V, and
AB is true. If . either signal is false (OV), the resistor is grounded, and
AB is false (OV).

» AB
R
AND GATE !
A B -5V
c D +isV
OR GATE R,
C+D
o D 4I5SV
(C+D)AB
COMBINED

AND /OR GATE

FIGURE 4-20 DIODE LOGIC

The logical sum of signals C and D is developed when either signal is true
(-5V). When both signals are false (OV), the resistor is held to ground and the
output C+D is false. With either or both signals true, the output is true.

4-29



4.7 Flip-Flop--Figure 4-21 is a schematic diagram of the flip-flop used in the
RPC-4010. It is actually more than a flip-flop; in addition to the flip-flop
itself utilizing two 2N1301 transistors, there are two buffer amplifiers, each
using a 2N404 transistor.

The signal called Tj is the computer clock signal. This is a square pulse
which is normally at -5 volts and rises to O volts once every 8 microseconds
(approximately) and remains at O volts for about one microsecond.

-5V -5V -5v -5V

>

.0018uf

270wuf

2130} ZNIZ &y

FIGURE 4-21 RPC 4010 FLIP-FLOP

The flip-flop is triggered in this manner: when the 2N1301l on the right is
conducting, the 2N1301 on the left is cut off. Likewise, when the 2N404 on the
right is conducting, the 2N404 on the left is cut off. Under these conditions,
signal A is true and A is false. That is, the flip-flop is off. If A' is at
-5 volts, a positive pulse is coupled through the 200 micro-microfarad capacitor
and the diode to the base of the 2N1301 transistor on the right. A positive
pulse into the base makes this transistor stop conducting. The one on the left
begins to conduct, and A becomes true while A becomes false. To state it another
way, if A' is true (-5 volts) at clock time, “the flip-flop will switch to its true
(on) state. If A' is false (OV) at clock time, the flip-flop does not change.
Similarly, if A' is true at clock time, the flip-flop will switch to its false

state.



The 2,000-ohm load resistor in the collector circuit of the 2N404 buffer
amplifier insures a maximum turn-off time of not more than two microseconds.
Without biasing, the buffer amplifier can handle sixty milliamperes of AND gate
loading, but no OR gate loading. If it is necessary to use-‘the flip-flop signal
in OR gates, an additional load resistor must be connected from the flip-flop
output to some negative potential. The value of this resistor must be chosen
so that it supplies the total OR current required. The amount of AND current
which can be supplied is then reduced by the amount of current required by this
additional resistor. The minimum value of this additional load re51stor is that
value which will draw 31xty m1111amgg;g§ This mlght be 680 chms to -40 volts
or 270 ohms to -15 volts. If this value is used, the flip-flop can drive no AND
gates, only OR gates.

The flip-flop itself changes state in less than 0.5 microsecond, but the
2N404 amplifiers are somewhat slower. Under the worst loading conditions they
will change from -5 volts to O volts in less than one microsecond, and from O
volts to -5 volts in less than two microseconds. If the load is non-capacitive,
this two-microsecond figure is reduced to about one microsecond.

4.8 Phase Sequencing--Computer operation occurs in phases which are controlled
by the phase control flip-flops F, G, and H. The phases are defined as follows:

g g:g Phase 1 Search for next instruction
F G H Phase 2 Transfer instruction word from memory to C
-7 registertv Q “pe "
FGH Phase 3 Search for data
F Géﬂ Phase 4 Execute instruction
EH Phase 4a Extended execution

i
i .
Most instructions do not require an extension of execution, so H is usually
off. The logic for proceeding from one phase to a succeeding phase is based on
a simple binary counter, the logic for which is:

F' = FGH
F' = FGH .
G' =GH
G' =G H

It is in this manner that F changes state at the end of phase 2 and 4 and
that G changes state at the end of every phase, and H remains false.

The equations above are incomplete because they do not show when to change
phase. Al phases change at sign time when timing signal tg is true. As de-
scribed in section 4.5.2 on timing, tg = Sy sp . This signal occurs during only
one bit time of each word period and identifies the sign bit, the most signifi-
cant bit in each word.

The search flip-flop K is on during phase 1 while searching for the next
instruction sector, and during phase 3 while searching for the data word. At
the end of every word period K is turned on:



When the computer enters phase 1, K is on. The logic for turning K off in
phase 1 is:- »

K' = FGHSy 83 (51 C+81 C) + . . .

F G H indicates phase 1, and S S3 indicates next instruction sector time.
This tells us that during phase 1, K can be turned off only during the next in-
struction sector time. Additionally, (S C + S3 C) indicates that S; must be
true while C is false, or S; must be false “while C is true, to turn K off. That
is, K is turned off unless Sj; is identical to C in the next instruction sector.

Now a more complete equation can be written for ending phase 1:
G' =GHKtg (A25) + . ..

During both the next instruction sector time and operand sector time, Sj
carries the number in binary code of the next sector on the memory drum. If
S1 is identical to C throughout the next instruction sector portion of the com-
mand, the desired instruction is located in the following sector of memory. K
is turned off durlng every word ti g’thatwgmm;smgtch occurs, and remains onhgnly
when a match. " ndicat h@wz,‘,.thsw@glﬁgxm@"gm‘nme%wnﬁuugﬁzcl&nw;g _avails
_able during the follow1wgwmwmgw;;me,, Phase 1 is then ended and phase 2 started
by tUftiing G on.

During phase 1, while the next instruction sector search is taking place,
the instruction track number is copied from C into the P flip-flops. To accom-
plish this the f7 signal is generated through diode logic:

f7 = EGHS; S 83 +.. .
NOTE

Lower case logic signs do not refer to flip-.
flops or record amplifiers.

The f7 logic shows that during phase 1 (F G H) and the next instruction track
time (S Sz S3), f7 is true. The number is set into the P flip-flops by the
following logic:

P1'=f7c+...

f_]_' = f7 _C_ + .. .
PZ' = f7 Pp + . ..
Pp't =f7 B + . .

and so forth, to
P7' = f7 P + . . .

P7' = f7 P+ . . .

Thus, the next instruction track number is copied bit by bit from the C register
into the P flip-flops during phase 1, so that when the sector is found, the head
selection matrix has already selected the correct head.



EM:V (ﬂ'i:(&m 0“0 ﬁﬂ"“‘*’ﬂﬁl‘ W
order @67*%¢ﬁ*? oF He VAR eddy ey "
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The term F G H identifies phase 2. The sig§Z¥£gL is from the EXECUTE LOWER AC-
CUMULATOR switch and is false during normal operation, allowing the next instruc-
tion to come from memory (bc V). When in execute lower accumulator mode, the
next instruction comes from the lower accumulator [bc (NL + NL*)].

The five most significant bits of an instruction word contain the command.
At the same time that these bits are being transferred into C, during phase 2,
the fg signal is used to set these bits into the Q flip-flops. The term fg is

defined as: Mo ¢ gméﬂ il 7o Qlring 8% dvdennds
fg = F GH S S3 s3 SHE Mx +9 aw»’:fb V+~ﬁ'?\)

~— 2 % 3& ) EX Lot
F G H determines phase 2 and S; Sg3 53 eétermines order time. € ip-Tlops

are set by:

01’ = fgfoe V * be (§L+NL*)] o

21" = fglbc ¥ * be (&+NE*)] o ~
Q2'=bf8Q1+y. .o

Q' =fg A + . ..

and so forth, to
Qs' = fg Qg + . . .
Qs' = fg Qg * . -
Phase 2 lasts only one word time. It is ended and phase 3 is entered by:
F' =FGHtg + . ..

G' =FGHtg+ . .

Phase 2 is identified by F G H, and the end of word time is identified by tg.
Phase 3 initiates another sector. search, this‘time for the data word upon

which the instruction is to operate. In order to accomplish this, more logic
must be added to K'. K is turned on at the end of every word by:

By adding to K!
K' = (FGHSyS3+FGHSS83) (§5C+SC)+ . .

K is turned off in phase 1 (F G H) at next instruction time (Sp S3) or in phase 3
(F G H) at data word time (S2 S3) when the search is not successful (S C + 81 C).
Reducing the equation to its simplest form results in:

5'=GS3H (582+F§_2)(§1C+819)+.--

Vet, M fop fof <o Lot om 4F 3 §2 4 K nag it L
ot Prater cee )12 - | s



When C matches the sector being searched for, K will stay on, ending phase 3

G' =GHKtg + . . .

The operand track is selected in phase 3 in the same manner as the next in-
struction track is selected in phase 1— by adding more terms to f7:

f7 = GHS) S3 (FSy; +FSp) + . . .

Phase 4 normally (e.g.,ADD) lasts one word time, during which the data word
is available as V (the output from memory). The MULTIPLY, DIVIDE, SHIFT, and
INPUT instructions make use of phase 4a by setting the H flip-flop true to pro-
vide additional execution time. F and G are turned off after one word time of
phase 4 by:

I’
"

FGtg + . .

G' =G tg + . . .

If H is turned on at this time, phase 4a begins. If H is not turned on, phase 1
begins.

4.9 Execution of Commands--All 32 commands (figure 4-22) used in controlling the
operation of the RPC-4010 Computer are described on the following pages.
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FIGURE 4-22 RPC 4010 COMMAND WAVEFORMS

4.9.1 HALT, 00, HLT (Track 0), Q1 Qo Q3 Q4 85

Stop in phase 3 and wait for a start signal before proceeding to phase 4.



The 00 command has two functions, and is treated as two separate commands.
With data track O, the 00 command is called HALT (HLT), and its function is to
stop the computer. With a non-zero data track, its function is to interrogate
the branch switches, and it is called SENSE (SNS). The SENSE command is explained
separately in section 4.9.2.

The computer is stopped by not allowing it to proceed from phase 3 to
phase 4. The A flip-flop stops the computer by preventing G from going true at
the end of phase 1 or phase 3 unless A is false. The G' logic is:

Thus, the computer cannot proceed from phase 3 to phase 4 or from phase 1 to
phase 2 unless A is false.

In the one operation mode, the computer stops in phase 3 before executing
the instruction in the C register. This is accomplished by turning A on at the
sign time of phase 2 when the ONE OPERATION switch is depressed. The A' logic is:

A' = F GH tg by + .

The computer remains in phase 3 until a start signal turns A off. The A’
logic is:

A' = GHbg +
The bg signal is obtained when the START COMPUTE switch is depressed or when a
start signal is received from input/output. When A is false, G is able to be
turned on, and the computer can proceed to phase 4, executing the instruction in
C.

In the normal mode, the computer will not stop in phase 3 except on a
HALT command because A is turned off at the end of phase 2. The A' logic for
this is:

A" = F GHtebo * -

In both the normal and one operation modes, the computer will not stop in
phase 1 (except during an input command) because A is turned off at the end of
phase 4. . The A' logic in this instance is:

A" = tg FGH (Qp + Qo + Q3 + Q4 + Qg) +
The Q terms turn A off for every command except the input command. -
“When the computer is turned on initially, it is possible for the computer
to be in either phase 1 or phase 3. To make sure that the computer is in phase 3,

F is turned on when the ONE OPERATION switch is latched and the SET INPUT switch
is depressed.

The HLT command is executed by turning A on during the command time of
phase 3. This prevents the computer from going into phase 4. The A' logic is:

A' = Q1 Q Q3 Q24 Q5 MF G t3 +



The M term differentiates between the HLT and SNS commands. If M is true, the
SENSE command is present and A will not be turned on.

The-M flip-flop is turned off at the end of phase 2 by:

M' = F

Iz

tg + - . .
It can be turned on in phase 3 by:

M' = F

10

HS) S2S32LCH+ ..

The factor S; S, S3 defines data track time. If the command is 00, M is turned
on only if C goes true during data track time, that is. if the data track is non-
zero. Qo prevents M from turning on during data track time with the INPUT com-
mand. Thus, M is turned on in_ phase 3 and remains on during phase 4 for all
cases where Qp is false except command 00, track O.

To proceed after a HLT command has been executed, the START COMPUTE switch
is depressed, making bg true. With bg true, A is turned off and M is turned on
so that the computer can proceed to phase 4.

The A' logic is: A' = GHbg + . .

The M' logic is: M!' bg Q5 G+ . .

If M were not turned on, the computer would remain in phase 3 because A would be
continually turned on by the Q; Q, Q3 Q4 Qs M F G tg term.

If the HLT command is index modified a non-zero track number may result,
converting it into a SENSE command (0O, track non-zero).

4.9.2 SENSE, 00, SNS, Q1 Q2 Q3 Q4 Qs

Turn on B (the branch control flip-flop) if for any branch switch which
is depressed, the corresponding data track bit contains a '"1'". There is no branch
switch that corresponds to the 64's data track bit. Turn B on if the 64's data
track bit contains a "1" and one of the following conditions exists: '

1. No input device ié‘selected.
2. A selected input or output device is not ready.
Turn B off if none of the above conditions is true.
B is unconditionally turned off in the last word period of phase 3 by:

"B' =KFGte2Zi A(Q1 Q2 Q3Q4) (P +kpz + Py +P3+ Py+ P5+ Pg)+ . .
As explained under HALT, A is false at the end of phase 3 except for the
HALT and INPUT commands. A in this equation prevents turning B off for a HALT
command, or when the computer is in the one operation mode. This enables the
computer operator to determine whether any previously executed commands turned
B on by observing the RESET light on the control panel. The Pj_g4 and kp3 terms
prevent B from being turned off after a HALT if B was on as a result of previ-
ously executed commands. In one operation mode, phase 3 of SNS, B is turned
off by pressing the START COMPUTE switch because one or more of the P flip-flops
will be true.



B is then turned on in phase 4 only if. the below stated conditions are met.
B! = F G te Q1 Q20304095 (Pp 2q + P2 by + P3 by + P4 by + Ps5 bs + Pg b +
P7 b7) + . . .
Zq is a synchronism signal frdm'input/output unls true only if an 1nput device

is selected and, in addition, all selected input and output devices are ready.
For example, Zq will be false if the photo-reader is selected and searching.

The branch switch symbols and their corresponding track bits are shown in
the following table:

Track Bit 64 32 16 8 4 2 1
Branch Switch None bo bz by bs bg b~
P Flip-Flop Py Py P3 Py Ps Pg P

4.9.3 COMPARE X EQUAL, Ol, CXE, Q7 Qb Q3 Q4 Qs

Turn B OFF if ON, then compare the data address in the instruction with
the data address in the index register. If they are equal, turn B ON.

B is turned off at the end of phase 3 by:
B' =KFGtgZj A Q) Q0324 (Q5+ . . )+
The carry flip-flop, A, is used to record the results of the comparison.
As explained earlier, A is always false upon entering phase 4. In phase 4, A is
turned on if any bit of the index register is not the same as the corresponding
bit of the command register during data address time. - If A is still off at sign

time of phase 4, this indicates that X and C were found to have equal data ad-
dresses.

At = FGH 1ty Qb Q3 (XC +XC) Sy (51 +83) + .

So> (S1 *+ S3) defines data address time. Qo Q3 defines eight commands altogether,
of which the state of A has meaning only for the CXE command.

If A is off at sign time of phase 4, B is turned on by:

B' = F G tg Q1 Q2 Q3 Q4 Q5 A

4.9.4 RESET AND ADD TO UPPER, 02, RAU, Q7 Qy Q3 Q4 Q5

Replace the contents of U with the contents of the memory location speci-
fied by the data address.

The contents of U are circulated during phases 1, 2, and 3 by:
U' = UH (E +G)

During phase 4, V (memory) is read into U by:
U' = FGHQ 2 030 05V

Thus, during phase 4, the 02 command reads the contents of memory into U.



4.9.5 RESET AND ADD TO LOWER, 03, RAL, Q1 Qo Q3 Q4 Q5

Replace the contents of L with the contents of the memory location speci-
fied by the data address.

The contents of L are circulated during phases 1, 2, and 3 by:
L+ NL*) H (E + G)

The term N L + N L¥ indicates that the lower accumulator is in either normal or
lengthened mode.

During phase 4, V is read into L by:
L' = FGH®Q 2 93 2 9 V
Thus, during phase 4, the 03 command reads the contents of memory into L.

4.9.6 STORE ADDRESS FROM UPPER, 04, SAU, Q1 Q2 Q3 Q4 Qs

Store the data address portion of U into the memory location specified
by the data address portion of the instruction.

In order to record in memory, W must be true. For SAU, W is true during
early data address time of phase 4:

W' = Q1 Q2 Q3 Q4 Q5 s2 (s1 +s3) FG
Early data address time is defined by s» (§1 + s3) which begins and ends
one bit before data address time. The early signal is necessary for recording
in memory as explained in the section on Ferranti recording. The signal which
is recorded while W is true is:

Vi = Qg u + . . .

The u signal is the upper accumulator, occurring one bit early. Thus, the SAU
command records the data address portion of U in memory.

4.9.7 MASKED STORE, 05, MST, Q; Q2 Q3 Q4 Qs

Store L into the memory location specified by the data address portion
of the instruction where U contains 1's. Where U contains O's, leave the memory
location unaltered.

Recording is allowed all during early phase 4 whenever u contains "1" by:
W' = (FGte+FGKte) Q1 2 R3 Q4 Qs u * - - -

The term F G tg + F G K tg identifies early phase 4, u specifies the time early
U has 1's. The signal which is recorded during this time is: '

Vi = Qg (N1+N 1¥)

Thus, the 05 command records L into memory where U contains 1's. Where U con-
tains O's, nothing is recorded, and the original content of memory is undisturbed.



4.9.8 LOAD COUNT AND REPEAT, 06, LDC, Q] Qp Q3 Q4 Qs

Replace the contents of the instruction track portion of the X register
with the repeat count (n), which comes from the next instruction track portion
of the addressed word in memory. Place the computer in repeat mode. The in-
struction following LOAD COUNT AND REPEAT will have its phase 4 executed n + 1
times. The operands of the instruction will be the consecutive memory locations
specified by (n), beginning with the operand address in the instruction word.
Each time phase 4 is repeated, the instruction track portion of X is diminished
by 1. Phase 4 ends when the Repeat Count reaches O. This leaves all 1's in
the instruction track portion of X, and the computer is then taken out of re-
peat mode.

The repeat count is loaded into the X register from memory in phase 4
of the repeat command by:

X' = F GQ1 Q203 Q4 Q5 S1 S2 S3 V +

The computer is in repeat mode when R, the repeat flip-flop is on.
R is turned on in phase 4 of the REPEAT command by:

R' = F G tg Q1 Q Q3 Q4 Q5

The logic for ending phase 4 is:

19}
1

"= GHtg (R + Q1 Q5 Q3 Q4 Q5) +

i
o)
()
(-f
(o))
o
+

E Q1 2 Q3 Q4 8Qs5) + . . .
. For each word time of a repeated phase 4, the repeat count in X is re-
duced by 1. The logic which accomplishes this is:

X' =FG (Qp +Q +Q3 +Qq + Q5) S; Sy S3
[Rx+r xx+rx)] +

The term (Q1 + Qo + Q3 + Q4 + Qs) allows the subtraction of a binary 1 from X
to occur each phase 4 of every repeated command except the REPEAT command it-
self. K is turned ON at sign time of phase 4 by:

K' = tg G+ . . .

To subtract 1 from a binary number, successively replace the least sig-
nificant O's with 1's, and replace the first 1 encountered with a 0, and leave
the remaining bits unchanged.

The function of K is to indicate whether a one has been encountered or
not. K is turned on by the logic above, and remains on for all least signifi-
cant O's. K is turned off when the least significant 1 is encountered by:

E'=FG§_S_152S3X+...

K is on at sign time of phase 3 and upon entering phase 4 for all commands except
INPUT. K is always off when entering phase 4 of INPUT, thus, the first word of
repeated phase 4 in input is not counted.

The term R (K X + K X) in the X' logic replaces the least significant
O's with 1's, and the first 1 encountered with O, since K is on for these cases.
After a 1 is encountered, K is turned off at the following clock time, and X is



circulated without change.

When the repeat count portion of X is zero, the subtraction process leaves
K on and all 1's in the repeat count. With K on at data address time, R is turn-
ed off by:

R' = F G t] K

With R turned off at data address time, phase 4 is ended by the F and G logic
above.

When phase 4 ends, the computer goes into phase 4a or phase 1.

4.9.9 LOAD X, 07, 1 Q> Q3 Qq Qs

Replace the data address portion of the index register with the data ad-
dress portion of the instruction word.

The command register obtains the instruction word from memory during
phase 2. During phase 4, the operand address is copied into the index register
by:
X' = F GQ) Q Q3 Q40 (S1 +83) 82C+

The term (S + S3) Sz defines data address time. The LOAD X command may be index
modified to become add to index.

4.9.10 INPUT, 08, INP, Q1 Q2 Q3 Q4 95

Send a signal calling for an input to an input/output unit. Stop in phase
1 until a character is presented from input/output. When a character is present-
ed, go directly from phase 1 to phase 3, then 4, then 4a, entering the character
into the least significant character position of L. Go into phase 1 and wait for
a new character. Repeat this cycling for each character entered until a START
COMPUTE signal is received. The computer then goes on to the next instruction.
If the data track address has O in the 64's place, accept only the least signif-
icant four bits of each character. If the data track address has 1 in the 64's
place, accept all six bits of the character presented. If L is one word long,
read into the double accumulator, composed of U and L. If L is eight words long,
read into L.

This is the only instruction which cycles through the phases repeatedly
while executing a single instruction. In the first cycle all four phases occur
in the normal manner, beginning with phase 1, wherein the input instruction is
located in memory as the next instruction, through phase 4. Phase 4 is followed
by one word time of phase 4a. In phases 4 and 4a of this first cycle, the signal
Yi is sent to input/output which calls for input. The input information is enter-
ed during the following cycles, one character per cycle.

Flip-flop M is used to distinguish between the first cycle and the other
cycles. During the first cycle M remains off, but beginning with the second
cycle, M is turned on in phase 3. M is always turned off in phase 1 and 2 by:

M' = FHtg+ ...

M is turned on in phase 3 for the INPUT command ounly if Z, a signal for input/
output, is true.

M' = F G tg Zp Qo +



Zp is true only while a character is being presented to the computer for input.
Zp is never true during the first cycle, since input/output has not yet been in-
formed that an input is desired, hence no character is being presented for input.
Therefore, M remains off in the first cycle.

During the first cycle, the logic for ending phase 3 is:
G'=FGH®t5 2 A [@ 0 050205 (N+tg)] +. ..

Zj is a signal from input/output which is normally true when Z, is false. A was
set false in phase 2 if the computer was not in the one operation mode. 1In the
first phase 3 of an INPUT command, Zj is true. When L is eight words long, de-
fined by N, phase 3 of the first cycle lasts until the next tg pulse occurs.
This causes phase 4 to begin with a word time whose sector address modulo 8 is
zZero.

In all cycles of INPUT, phase 4 is followed by phase 4a:
H' = F GHtg Q) Qp Q5 R +

In phases 4 and 4a of the first cycle, a signal, Yj, is sent to input/
output calling for an input:

Yi = (FG+H) Q) Q Q32 QM

Input/output responds to this, either by starting a selected reader or indica-
ting by a light that typewriter input is expected.

Phase 4a is always followed by phase 1 as has been explained elsewhere.
Phase 4a lasts one word time if L is one word long. If L is eight words long,
phase 4a ends with the next tg pulse.

H' = H te Q3 Q4 (N+tg) +. ..

Thus, normally (when phase 4 is not repeated), phases 4 and 4a together have a
duration of two word times when L is one word long. They last eight word times,
beginning and ending with tg, when L is 8 words long. During phase 4 and 4a of
the first cycle, if L is one word long, U and L are connected as a two word cir-
culating line.

U' = k1

1z
I
(o
+

L' = k3

12
c
+

kp = (FG+H) Q1 Q Q3 2405

If L is eight words long during phases 4 and 4a of the first cycle, U is cir-
culated on itself and L is circulated as an eight word line:

U' =ky NU + . . .

L' = k) NML* + . . .

2

Phase 1 cannot end in the normal way, i.e., when the search for next instruction
is successful, so long as A is true.

G' =G tgZi KAH+ .



A will be true because it is always turned on in phase 4a of the input order by:
A' = klf"' . e

Therefore, the computer remains in phase 1 until the action started by sending

Y; in phases 4 and 4a, results in the presentation of a character for input. When
a character is presented, Z becomes true and the computer proceeds directly from
phase 1 to phase 3 by:

F' = FHtg Z Q 2 Q3242 + - - -

skipping phase 2. Then A,which is still on after the computer skips phase 1,
must be reset so that the computer can proceed to phase 4. This is accomplished
by turning A off with an input order during phase 3:

A' = FGMQ Q Q3848 *+ . - -
The M term allows A to be reset for every phase 3 of an input order except the
first. This is to prevent having to step through the input of every character
in the one operation mode, or on the other hand, failing to stop in one opera-
tion mode before the execution of an input order.

The input instruction word is retained in the command register and the
input order is retained in the Q flip-flops until a start signal bg is received
instead of a new character. The start signal turns A off when in phase 1, thus
permitting phase 1 to be followed by phase 2.

A' =bg GH+ .

In Section 4.8, Phase Sequencing, it is explained how the track number is
shifted from the C register into the P flip-flops during phases 1 and 3. This
shifting occurs only when f7 is true.

f7= (M+ Q) (EGHS) S; S3+F GHS; Sy S3)

During the first word time of phase 3, M is false and shifting occurs. At the
end of the first word time of phase 3, M is turned on if Zp is true.

M' = F Gtg2Zp Q + . - -

In every cycle except the first, Zp must be true to enter phase 3, and since
Zy, remains- true for more than 1 word time, M always goes true at the end of. the
first word time of every cycle except the first.

Since both M and Q, are true after the first word period of phase 3, fy
is false and shifting into the P flip-flops cannot occur in phase 3 after the
first word period. Instead, the P flip-flops are set by the B flip-flops in
input/output.
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Pz' = kgg By

kK3g = FGMQ) Q> Q3 Q4 Q5

If the data track number is non-zero, some of the P flip-flops will be
true as a result of shifting the data track number into them. No provision is
made to set the P flip-flops false, therefore, they can be a true copy of the
B flip-flops only if the track number is O or 64. The P, through P, flip-flops
will be off at the end of the first word time of phase 3 when M goes true; then
after the B flip-flops are copied in by the above logic, a P flip-flop will be
true only if its contributing B flip-flop is true. But if any P flip-flop is
already true as a result of the operand track number, it remains true even if
the contributing B flip-flop is false.

The,setting of P; is not affected at all by the B flip-flops, and it
holds the state which it obtained from the operand track number.

Phase 3 continues so long as Zp remains true. When Zy goes false, Zj
becomes true and permits the computer to enter phase 4 by:

G' = F GHtg Z; A Q) Q Q304895 (N+ tg) + . . .

If N is false (L is 1 word long), phase 4 begins at the end of the next
sign time. If N is true (L is 8 words long), phase 4 cannot begin until tg is
true.

In phases 4 and 4a, if L is 1 word long, L and U are coupled as a two word
line, and the character that was set into the P flip-flops in phase 3 is shifted
into the two word accumulator, in the least significant character position of the
L line. If Pj is true (track number more than 64), the full, 6-bit character
enters the accumulator thus:

Py' = ky (NL + NL¥) + . . . Py’ =ky (NL + NL¥) +
Pg' = kg Py o+ ... P3' = k1 Pp +

Py' = ki P1 P3 Pg' = k1 Pp P3

P5'.= ky Py + . . . Ps' = ky Pg + . . .

Pg' = ky Pg + . . . Pe' = ki Ps + .

Py' = ky Pg *+ . . . 27'v= ki Pg + .

U' =k; N (ML +MPy) + . . .

L' =k} NU + . . .
During phases 4 and 4a of the first cycle of INPUT defined by ki M, U and L
are connected as a two word circulating line, as the above logic shows. During
phases 4 and 4a of the remaining cycles, when M is on, the input to U is from the
6-bit shift register composed of the 6 P flip-flops P,-P7. The input to this
shift register is from L, and the input to L is from U. This makes a delay line
that is two words plus 6 bits long. The character that is just about to enter
the two word line (i.e., the character in the P flip-flops) at the beginning of
phase 4 must be just about to leave the two-word line (i.e., in the least sig-
nificant character position of L) two word times later, at the end of phase 4a.
Any characters which were located in the 2 word line at the beginning of phase 4
have been shifted left one character position at the end of phase 4a, due to the
fact that they undergo a delay of 6 bits in the P flip-flops.



During phase 1 and phase 3, each accumulator is independently circulated,
so that it retains all characters in their positions until the next phase 4.

U = UH(E+G)+

If P; is false, P, does not receive its input from Pz but from L.
P4'=k121(§L+NL*)+...
Py' = kp Pp (NL+NL*)+ . ..

Then only the least significant four bits of each character enter the two-word
accumulator, and the characters already present in the accumulator at the begin-
ning of phase 4 are shifted left only 4 bits.

When N is true, P, and P, receive their inputs from L*
Py' = k; (NL + N L*)

Pp' =k (NL +NL¥*)

P,' = k; P; Pg + k; P; (NL + N L¥)

Py' =k Pp P3g + Xk Py (NL +NL¥)

L receives its input directly from P; when N is true, and U is circulated in-
dependently.

L' =k; NU + k; N (ML* + M Py)

U' =k; N (ML +MP;7) +k; NU
Thus, when L is an eight word line, characters are set into the eight word ac-
cumulator, L, in the same way that they are set into the two word accumulator
when L is a one word line. When M is false (i.e., during phases 4 and 4a of
the first cycle) L* is circulated on itself.

An indefinite number of characters can be entered in this fashion. If
the number of characters entered exceeds the capacity of the two-word accumu-
lator in the non-lengthened mode, information is shifted into the P flip-flops
in phase 4 and destroyed in phase 1 when the P flip-flops receive the track
number.

The process may be ended during any phase 1 by depressing the START COM-
PUTE switch, or by receiving a stop code from input/output. In either case,
Zy, does not go true, but instead bg goes true, setting A false, as explained
above.

4.9.11 EXCHANGE, 09, EXC, Q) Q2 Q3 Q4 Qs

Perform any non-conflicting combinations of the operations described
below. The desired combinations are selected by the data track number.

Data track 1 true--(P7)

Replace the contents of L with U



Data track 2 true--(Pg)
Replace the contents of U with L
Data track 4 true--(Pg)
Replace the contents of X with U
Data track 8 true--(Py)
Replace the contents of U with X
Data track 16 true--(Pj)
Set L to 8 word length
Data track 32 true--(Py)
Set L to 1 word length
Dafa tracks 16 and 32 true--(P,, P3)
Set L to opposite state
The contents of L are replaced with U by:
L' = FGQ Q202324 Q P, U+ (NL+NL¥)HQ Q Q40 P7 + . . .

Data track 1 is indicated by P7. The second term permits normal circulation of L
if Py is false.

The contents of U are replaced with L or X by:
Ul = F GQ1 Q Q304 Q5 (Pg L +PygX) +HQqQ5 Py PgU
Data track 2 is indicated by Pg, and data track 8 is indicated by Py4. If both
P4, and Pg are true, the resulting word in U is the logical '"OR' of the words in

L and X. The second term permits normal circulation of U if P4, and Pg are both
false.

The contents of X are replaéed with the contents of U by:
X' =FGQ1 Q2 Q30405 Ps RU + (P5 +R) X+ . ..
Data track 4 is indicated by Ps. The logic is written so that R (Repeat) must
be false before the index register‘may be altered in order to prevent a dynamic
halt on a repeated EXCHANGE command. The index register contains the repeat
count. If this could be altered, phase 4 might never end. If the EXCHANGE
command with data track 4 true is repeated, it becomes a do-nothing command.
If R is true or Pg is false, X is circulated normally.
The length of L is changed by:
N' = NFGtgQ Q Q32 Q5 P3 +

N' =NFGtgQ QQ302Q P2+ . ..

Data tracks 16 and 32 are indicated by P3 and P, respectively. When N is true,



L is 8 words long; when N is false, L is 1 word long. If P3 and P, are both
true, N changes from its present state to the opposite state.

4.9.12 DIVIDE UPPER, 10, DVU, Q1 Q2 Q3 Q4 Qs

Divide the contents of U by the contents of the memory location specified
by the data address. Leave the quotient in U and the remainder in L.

The procedure for division is a non-restoring system in which each step
brings the partial remainder (U) toward zero by subtracting or adding the divi-

sor (L) as their signs agree or disagree.

The divisor is copied into L from the memory location specified by the
data address during phase 4 (word period 1) by:

L' =FGHVQ Q0302+ . - -

At sign time of word period 1, the sign of the divisor sets Pg by:

<
<
+

Pe' = F G Htg Qg R
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FGHtg Qg RV +

This sign is carried by Py throughout the execution of the DIVIDE command. The
sign of the dividend sets P; during sign time of word period by:

P;' = FGHtg Qg RU + . .

]
N
]

FGEt6Q4BU+

On subsequent odd word periods, P, is set by the sign of the new remain-
der (U) by:

U
\l
[

=HP 16 Q3 QU+ ..

‘U
~
I

=HP) tgQ3Q U+ . ..

During each pair of word periods the sign of the remainder becomes the
least significant bit of the quotient and the remainder is shifted one digit
position.

Odd and even word periods are designated by the state of P;. The initial
setting of Py occurs during word period 1, by:

Pp' =FGH1te RQqg*+ . ..
P; is set false at sign time of word period 3. P; remains false through-

out word period 4 to indicate an even word period. Thus P; acts as a two posi-
tion counter:

U
—
i

H_Plt6Q4+...

U
[
[

—HP1t6Q4+.

Word period 1 is identified by F G H; word periods 2 and 3 are identi-
fied by F G H; word periods 4 through 64 are identified by F G H; word period
65 is identified by F G H; and word periods 66 and 67 are identified by F G H.



Addition or subtraction of U and L takes place during even word periods
according to the S signal. If the sign of U is the same as the sign of L, S is
true and L is subtracted from U. t

S=HQ3 (F+G) (Pg P7 + Pg P7) + . . .

To carry out the addition or subtraction U and L are presented as I and
I, during even word periods by:

I,' = HQy (F Pp u* + FU*) + . . .
Ip" = HQ3 Py (EP7 +G) e +
The result is the signal ep, which is derived from:
ex = A Ip Ip+ AT Ip+ AL Ip+AT I
The result, ey is then copied into U by:
U' = e H Q4 Q3+

This process continues until word period 64, subtracting L from U, shifting
U one bit position, and inserting the quotient in the unused portion of U.

By the end of the 64th word period, sector coincidence occurs. However,

three more word periods are required to complete the division process. The 64th
word period is identified by:

K' = tg Qg + - . -

K!

GS3HQ482 (S1E€£+81€)+ ...
In turn, K turns G on by:
G' =G tg HK F
During word period 66, the remainder is available, but possibly needs
restoration from the previous subtraction (or addition) which occurred in word
period 64. This restoration is indicated by the last quotient digit developed,
which also controls the state of P;. Hence P7 is used to gate the divisor into

I, during word period 66:

I; = HE Q3 Py u*

I, H Py (E L + NL*) (F Q3 P7) + . .

The sign of the divisor, indicated by Pg, determines whether the restor—
ation requires an addition or subtraction.

S=HFEGPg + . ..

The output of the adder, ep, is. then the correct remainder and is read
into L, which has been holding the divisor up to this time:

L =Gez P; HQq +



During word period 67 the full quotient is available in either its true
or its complemented form and is copied into U by:

U' =Gey FHQ  +
I; =HEF Q3 P| Pg U¥x + HF Q3 G Py Pe U*
Because of the system of division used, the determining factor of whether
the quotient is complemented or not is the sign of the divisor. If the sign is
positive, the quotient will be complemented in word period 67 by the above I3

logic.

If the divisor is negative, the quotient must be corrected by adding one
in the least significant digit.

S =HFGPg + .
I, =HF GPy Pg Q3+ . ..
The simplified word periods for division are given in table 4-1.
Table 4-1

RPC-4010 COMPUTER-

DIVISION TIMETABLE

WORD PERIOD F |G |H| Py g L' Iy I, S

1 (Ph 4) 1j1|o}- | # \ - - -

2 (Ph 4a) ofjo|1]|o | e L u* L PgP7+PgP7
3 (Ph 4a) ojo|1{1 | ey L U* 0 PgP7+PgP7
4--62 (even WP)|[ 1 O [1]0 | ep L U* L PgP7+PgP7
5--63 (odd WP) | 1 |0 1|1 |ex | L U* 0 PgP7+PgP7
64 (K on) 11010 e, L U* L P6P7;Eég7
65 1111 |ex| L U* 0 PgP7+PgP7
66 | o|1]|1]0 eo en u¥* P> L Pg

67 ‘ o1 |11 [ey | L Pg U* Pg Pg

*Pe U*

# This signal is O for single length division (DVU) and

L for double length division (DIV). :

NOTE: Pg' F' GH tg V (Sign of divisor)

P7! FGHP, tg U (Dividend digits)

4-48



4.9.13 DIVIDE, 11, DIV, Q) Q, Q3 Q4 Qs

Divide the contents of U and L (double length format) by the contents
of the memory location specified by the data address.

The procedure for double length division is identical to that of single
length, with the exception that during word period 1, the previous contents of L

are copied into U at the same time the divisor is copied from the memory location
specified by the data address into L by:

U''=FGHQ Q Q3 Q 05 L

The remainder of this operation is identical to DIVIDE SINGLE LENGTH. The
exception of copying L into U is noted in table 4-1.

4.9.14 SHIFT RIGHT OR LEFT, 12, SRL, Q; Q, Q3 Q4 Qs

Shift the contents of the double length accumulator (combined upper and
lower) to the right if the least significant data track bit is zero; or shift
the contents to the left if the least significant data track bit is one. The
number of bit positions shifted is dependent upon the number in the data ad-
dress sector. Turn on branch control if overflow occurs during shift left.

Since there is no operand to search for in a shift command, phase 3 is
ended after one word period by:

G' =G tg Q1 Q2 Q3 Q4 + . . .
Phase 4 lasts one word period and is identified as word period 1 of the
execution of the shift command. Word period 1 and word period 2 are identical
for both the SHIFT RIGHT and the SHIFT LEFT command. Word periods are defined

by the states of signals indicated on the "Shift and Normalize Timing Chart'
(figure 4-23). During word period 1, U is circulated by:

U =HQ1 Q30U+ ...
Phase 4 (word period 1) is ended after one word period by:
H' = FGHte RQ; Q2 Q304+ . . .

The state of P} is indeterminate until the end of phase 4, at which time
it is turned off by:

PI' =FGHtg RQg + . ..

Thus, Py is off during phase 4a, word period 2. At the end of word period 2,
P1 is turned on by: :

P1' =HP; te Q3 + . .
For the remainder of the shift command Py is true.

As is done for all instructions, F and G are turned off at the end of
pPhase 4 (word period 1) by:

'"=FG

I
(s

te + - . .

o
!

'-GHEté"'...
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NOTE: N EQUALS NUMBER OF BIT
POSITIONS TO BE SHIFTED

FIGURE 4-23 SHIFT AND NORMALIZE TIMING CHART

At the end of word period 3, F is turned on by:

F' =EGHP Q3 te *

For both SHIFT RIGHT and SHIFT LEFT commands, during word period 1 U is

circulated by:
Ut = HQp Q3 Q40U + .
Also, during word period 1, L is circulated by:

L' =HQ Q Q3 QL + .



During word period 2, except for sign time (H R tg), U and L are cir-
culated and the P flip-flops set by:

Ul

L'

The P3 9
During a SHIFT
flow by:

B!

SHP) Q3 Q40 U+ . ..
SHP Q30409 L+ ...
=HP Q33U+ . ..

=HP e Q3U + . ..

=Hl1e Q3 Pz + . ..

= H tg Q3 Py +

=6t - -

P4, and Py fiip-flops are tested every sign time for overflow.

LEFT command, the B flip-flop is turned on to indicate an over-

=G HEKP7 Q3 Q405 tg [33 Py *+ P3 P4 + P3 P4 P (NL + N Ei)] +

During word period 2, U and L are circulated by:

Ul

Lt

=HQ3Q4UFEPR (25 *+ Py)

=HQ3 Q40 FPp (NL + NL¥)

Flip-flops P, and P4 are turned off by:

P!

Py

And the

= Q3 H tg +

= Q3 Htg + . . .

P3 flip-flop is set with the sign bit of L by:
=HP] tg Q3 (NL + NL*) + ., , .

=HP] te Q3 (NL + NL¥) + . . .

At tg time a test is made for overflow or zero shift during word period 2
- and the following word periods of the SHIFT LEFT command (figure 4-24). U is

delayed one bit

Ul

each word period through flip-flop P3:
=HP1£6Q3U + . .
SHP) teQ3U + . ..

=9HP1 P7Q394P3+‘. .

The P4 and Pg flip-flops are set by:

= H1e Q3 P3 + . .

=HteQ3P3+ . ..



P5'=H£6Q3P4+.v.o

Note that Pg can be turned on by P4, but.cannot be turned off. Pg will
be reset each tg time by: :

Ps' = H Q3 te

The one bit shift for each word period is accomplished in L by shifting
through Pj: ,

Py' =Htg Q3L + . .
Po! =H g Q3L + . ..
L' =GHP| P; Q3 Q4 Pp #

At sign time the most significant bit in U is shifted out and lost. The
second most significant bit from L sets Pg3:

)
w
1

= H Py t4 Q3 Py, + . . .

P3' = H P tg Q3 P2 +

.

and becomes the least significant bit of U in the next word period by:
U' =GHP| P; Q3 Q4 P3 + . . .
Flip-flops P, and P, are set to zero each sign time by:
Py' = H te Q3 + - - -

P4'=Ht6Q3+-..

WORD PERIOD 3 TO END (EXCEPT SIGN TIME) GHR f,

UPPER ACCUMULATOR LOWER ACCUMULATOR
Py R
A
WORD PERIOD 3 TO END (SIGN TIME) GHR t¢
UPPER ACCUMULATOR LOWER ACCUMULATOR 0
Iry
1Py re—

FIGURE 4-24 SHIFT LEFT-W/P 3 TO END



The zero set into P, goes into the least significant bit position of L

L' =G HP; Py Q3 94 Py + . . .

The above operation is repeated to shift the contents of the combined U and L
accumulators one bit to the left each word period.

At each word period of phase 4a, the data sector portion of C is reduced
by one through the use of K as a carry on complement control.

C' = HQ3 Q4 S, S3 (CK+CK) + . ..
Every tg time K is turned on by:
K' =t Q3 *
And is turned off by the first "1'" in the data sector of C:
K'=HQ3 Q4P Q5C+. ..

When the shift count is reduced to- zero after the designated number of
bits have been shifted, K remains on through sign time and turns G on by:

G' =G tg HKF +
With G on, shifting stops and F is turned off at the next word period.
F' = F tgq G H
H is turned off during the following word period by:
H' = H te F G Py
A shift command ends at this word period when G is turned off by:

8 =G tg F P

4.9.15 SHIFT RIGHT (word period 3 to end)

During word period 3 of the SHIFT RIGHT command (figure 4-25), U is cir-
culated.

The one-bit shift is accomplished in L by circulating L one bit early:
L' =HQ3 Q4 Q5 P7 P G1 6 +

During word period 3, U is circulated by:
U' =HQ3Q4Q P7EU+ . ..

The least significant bit of L is lost in each shift, and the least sig-~
nificant bit of U is entered into the most significant bit position of L by:

L' =HQ3Q4Q5 P7 P1 G tgu +



WORD PERIOD 3 (EXCEPT SIGN TIME) HR F G i,

|—- UPPER ACCUMULATOR -bl | LOWER ACCUMULATOR

” %

WORD PERIOD 3 (SIGN TIME) HR F G ¢,

l—-‘ UPPER' ACCUMULATOR —l -» LOWER ACCUMULATOR

WORD PERIOD 4 TO N (EXCEPT SIGN TIME) HFG P {,

r UPPER ACCUMULATOR r LOWER ACCUMULATOR

= 33

WORD PERIOD 4 TON  (SIGN TIME) HF G R t,

l

l—— UPPER ACCUMULATOR —\ » LOWER ACCUMULATOR

WORD PERIOD N+! (EXCEPT SIGN TIME) H FG R t,

[_. UPPER ACCUMULATOR r LOWER ACCUMULATOR -.|

WORD PERIOD N+! (SIGN TIME) HF G R i

r UPPER ACCUMULATOR —l r LOWER ACCUMULATOR

NOTE: * U BIT EARLY
wx L | BIT EARLY

FIGURE 4-25 SHIFT RIGHT-W/P 3 TO END

During word periods 4 through n (where n equals the number of bits to be
shifted) U is copied one bit early:

U' = HQ3 Q405 P7F tgu+..
Again L is circulated one bit early by:

L' =HQ304 Q5 P7F G tel *+ ...



During sign time of word periods 4 through n, the sign of U is repeated
to give an algebraic shift:

U' = H Q30,05 P tgU . .

The least significant bit of L is lost and the least significant bit of U
is copied into the most significant bit position of L during sign time.

L' =HQ3 9,0 P7FGtgu+..

During word period n + 1, when SHIFT RIGHT is completed, U is circulated
one bit early, except sign time:

U' =HQ3Q,Q95P7 F teu+. ..
And L is circulated by:
L' =HQ3 Q405G (NL +NL*)+ . ., .,

During sign time of word period n + 1, and all of word period n + 2, both
U and L are circulated:

U' = HQ30Q40Q5 P7U (tg + F)

L' = HQ3 Q409 G (NL+NL¥) + . . .

At the end of either SHIFT RIGHT or SHIFT LEFT, the contents of the combined
upper and lower accumulators will have been shifted the number of bits indicated in
the data track address of the shift command. If a SHIFT RIGHT or SHIFT LEFT com-
mand is given with a zero in the data track address, H is turned off before shift-
ing starts in word period 3 and no shift takes place.

H' = Htg (EGP; KQ3Q405) +. ..

4.9.16 NORMALIZE, 13, SLC, Q; Q, Q3 Q4 Qs

The value contained in the double length accumulator (U and L) is shifted
left until it is in normalized form, that is, until bit 1 contains the first sig-
nificant magnitude bit. Following the shift, L is cleared to zero and the number
of places shifted is put in bits 5-17 of L.

During word period 1, phase 4, U and L are circulated as in the shift com-
mands

ur =

Iz

Q Q3 QU+ . . .
L' =HO) Qo Q3 Q4L + . . .

Phase 4a, word period 2, is entered by:

H' = F GHtg Q1 Q Q3 Q4
G'=Gte HR
F' =FGtgR



Again, word period 2 is executed exactly as in the. shift commands, with
U and L circulated by:

U= H Q3

1

BlUQ5+..
L'=HQ394E£1(EL+NL*)+...

The P flip-flops are set by:

P3' = H Q3 Py teu+

Pz' =HQ3 P teu* . . -
Py' = H Q3 te P3 + . .

Py' = HQ3 te P3 * .

Pg' = H Q3 g Pg * .

During sign time of word period 2, flip-flops Pé and P4 are turned offiby:

Q3H t6+..

Py!

Py' Rz H tg + . . .
Flip-flop P3 is set by:

P3' = H Q3 Py tg (NL +NL¥)
P3' = H Q3 Py te (NL +NL¥)

"Both U and L continue to be circulated as above. During word period 3
and the following word periods, U is circulated through P3, causing a one-bit
shift to the left:

U' = HQ304GP3 P05 * . - -
and L is circulated through P,, causing a one-bit delay.
L' =HGQ3 Q4P P2 05+ ..
Flip-flops P4 and Pg are set by:
Py' = HQ3 tg P3 + . . .
P4' = H Q3 tg B3 *
Ps' = HQ3 tg Pa * « - -
Pg' = tg + . . .
During the first bit of word period 3 and during all bits of the following
word periods, the content of P3 is set into the least significant bit position of

U by:

U' =HGP; Q3 Qg P3 + - . -



Both P, and P4 are set to zero:

I

P!

HQ3t6+...

Py' =HQz tg + . . .

and L is circulated through P, to set the least significant bit position to zero.
L' = HG Q3 Q4 Pp P + . . .

At sign time, P3 has the new sign of U, and P4 has the new 1/2 bit of U.
If these bits are O and 1, the number in U is at least + 1/2 (P3 and P, are
true). If the bits are 1 and O, the number is less than - 1/2 (P3 and P4 true).
A stop must be generated when these conditions are met.

As -1 is not wanted as a result of SLC, stop must also be genérated when
U is exactly - 1/2 (which would become -1 on the next shift). Pg identifies
- 1/2 by indicating any "1's' to the right of the 1/2 bit in U during sign time.

One more bit must be considered, namely the sign bit of L. If this bit
is a "1", another shift is possible without developing -1 in U. Thus, the stop
term developed is:

G' = H Q3 04 Q5 t6[(1’354'ffz«x"nl“l’al’4_"5) (NL + N L)

G goes true when the next shift would cause an overflow. The content of
U and L is now normalized. Setting G true causes F to go false the following
word period:

F' =F tg GH + . . .

This will cause G and H to go false the next odd word period by:

Jex
!

'-HtéGFPI‘*'.-

G' Gtg Py F+ . ..
causing the computer to enter phase 1 of the following command.

During each execution of the NORMALIZE command, the shift count is entered
into the operand sector of the C register by:

K' =HQ3 Q4 (Pp +F ) Q5 CSp S3

C' =HQ3 Q4883 (CK+CK)+ ...

During n + 1 operand sector time, L receives the shift count by:
L' = HQ3 Q485283 CFGQ5+ . .

The final result is that the contents of U and L are shifted to the left to noxr-
malize the count and L is zero except for the shift count in the operand sector.

4.9.17 MULTIPLY, 14, MPY, Q; Q3 Q3 Q4 Qs

The contents of U are multiplied by the contents of the memory location
specified by the data address. The resulting double length products are held in
U and L. Timing is co-ordinated with the phases as indicated in table 4-2.

’



Table 4-2

RPC-4010 COMPUTER

MULTIPLICATION TIMETABLE

WORD PERIOD F| | H| P | U L' | Ip| Iz s
1 (Ph4) 1| 1] o} - Utg |V - - -
2 (Ph 4a) ol o 1|0 | e L|o|prL|1
3 of o 111 ez te | L U* | Pg 1
4--62 (even WP) 1 ol 1 0 ep L U* P7 L o)
5--63 (odd WP) | 1| Oo| 1| 1 | extg|L | U*| P7 Ps| O
64 (K on) 1 0 1 o e, L U* P, L 0
65 ‘ 1lg1 | 1|1 ep te | L u* | P, L| O
66 (0] 1 1 0] es eop Uu* (0] 0]
67 0] 1 1 1 e L U* 0] 0]
NOTE Pg' = F GH tg V (sign of multiplicand)

v
~
n

FGHPy tg Ut + F G H tg U (multiplier digits)

The process of multiplication consists of a series of additions of the
multiplicand to the partial product and the shifting of the partial product for
each digit of the multiplier. As multiplication continues from the first digit
of the multiplier to the last, the partial product formed by each addition and
shift increases from one word to approximately two. Thus, a multiplication re-
quires 64 word periods (two for each digit of the multiplier) to complete the
product.

To retain the digits of the full product, U is extended to two words plus
one bit by the use of the second read head, U*. During the first word period, the
two words in U contain the multiplier and one bit of the partial product. As mul-
tiplication continues, the partial product increases to approximately two words
and the multiplier decreases to zero. This is accomplished by dropping each digit
of the multiplier from circulation as it is used, and shifting the remainder of
the multiplier and the increased partial product to the next most significant
digit position.

The bits presented by U¥ occur exactly 65 bit periods after being recorded.
In other words U* shifts the information for one bit left each two word periods of
multiplication.

The bits of the multiplier are dropped as they are used by inhibiting the
recording of U' at the last sign time of each two word period of multiplication.
To accomplish this, the U' record equation is formed of only those terms which



include the sign time of the last of the two word periods. During phase 4, word
period 1, U is circulated and the sign bit dropped by:

U' = Q) Q3 Q5 tg U H+ . .

To mark each of the two word periods required for the addition of the mul-
tiplicand to the partial product, flip-flop Py is turned off at the end of the
first word period of phase 4. At the end of the next word period it is set on,
and alternates throughout the execution of multiplication. That is to say, during
each odd word period, P; is on, and during each even word period, is off.

H P te (Q3 + Q4)

Pyt

P1'" = FGHte Q1 2203049 +H P; Qqtg + . . .

The memory location specified by the data address is copied into L as
the multiplicand during word period 1 by:

L'=FGEV91Q2Q495+. . e
The sign of the multiplicand is set into Pg during phase 4 by:

Pe' = F GHtg QR

ool
<
+

P6'=FGH126Q4BV+. .

The sign of U is set into P7 during phase 4 by:

\]’U
1}
o]
(o)
e

__t6Q4EU+...

]
~
[}
]
(9]
oy
c
+

H 1t Q4 R

During sign time of the following odd word periods of phase 4a, P7 will be
set by the successive multiplier digits:

P7' HP1t6Q3Q4U*+...

P7" =HP) te Q3 Q4 U + . . .

During periods 2 through 67 of the MULTIPLY command, the result of I; and
I> (ez) is copied into U by:

U' = HQu (B) + 16 EG) e
€2 SA I} Ip + AL Ip+AI Ip+AI I,
During even word periods of the execution of MULTIPLY, A is the carry:

Al

Io (I1 8 +11S)QuHQ3P +. ..

At

E2(Ils+£1§)HQ4+...

Addition of U and L is performed through I; and I,, as indicated by the
contents of L:

I1j'" =H (F+GQ3 +P; G) Ux + . . ,

HP Po (FGQ3+FQ3Py) +HP GP7 (NL +NL¥) + . ..



Pg is ture and S is true during WP 66 and 67. S is always true during
WP 2 and 3.

S' =H (EGQ3 +E G Pg)

During word periods 3 through 67, I; is the content of U, which is shifted
left each even word period. The contents of L become I, during even word periods
when P is true. I, is true for all odd word periods when U is negative and Pg
is true, indicating the multiplicand is negative. Each even word period that P,
is true, I, which is L, is added to I, the result is copied into U, and U is
shifted one bit position. Bits in L which are zero cause nothing to be added to
I,, but the one bit shift is accomplished as before. At word period 66, the
double length result is in extended U. At this time, ej is copied into L:

L'=HQ421G92+..-
and into U:
U' = HQq Py ep *+ . . .

During word period 67, both U and L are circulated as the double length
product of U and the contents of memory specified by the data address.

4.9.18 MULTIPLY BY TEN, 15, MPT, Qi Qp Q3 Q4 Qs

Multiply the contents of U by ten if the data track number is O. Multi-
ply the contents of L by ten if the data track number is 64.

To multiply by ten, only one word period of phase 4 is required for exe-
cution. The operation is carried out by delaying data one bit (multiplying by
two), then delaying the same data three bits (multiplying by eight) and adding
the two results.

During execution, the Pj flip-flop is used to determine whether U or L
will be multiplied. The P, flip-flop copies L:

Pyt = (NL +NL¥) FGQ Q R3Q Q5 6+« - -

Py' = (NL +NL¥ +tg) FGQ) Q2 Q30405 * - - .

Note at sign time that P, is turned off. The output of P, is L-delayed
one bit and thus multiplied by 2: :

Py = 2 xL
The output of P3 is U-delayed one bit and thus multiplied by 2:

P3' =UF GQ) Q2 Q3 Q4 Qs %+ - -

U
W
|

(U +1tg) FGQ QN3 Q Q5+ . -
P3=2xU

The staté of P; determines whether P, or P5 is copied by Py:

g
N
]}

FGQp Q Q3 Qg Qs (Py P3 + P; P2) 1g

.Y
EN
|

=F GQ) Q Q3 Q Q (P1 P3 + P1 P> + tp)



As with P, and Pz, P4 is turned off at sign time. The output of P, sets
Pg5, except at sign time:

Ps! FGQ Q Q3 Q4 Q5 Pg tp + . ..

Pg!

F GQ1 Q Q3 Q4 Q5 (Pg + tg)

The output of Pg is either U or L-delayed three bit periods, thus multi-
plied by 23 or 8: '

P5=8XU
or
Ps = 8 x L

To complete the multiplication, it is necessary to add P and Ps for L,
or Pg and Pg for U:

8 xL +2xL=10xL
or
8 xU+2xU=10x1U

To add, the quantities to be added become the inputs to I; and Iy:

F Q1 (Pp P3 + P1 Pp)

—
H

I
Je

Ipt =HF Q) Ps
' The sum appears as ep. If Py is true, U is multiplied by ten:

UV

FGP Q Q Q3 Q405 e+
If P; is true, L is multiplied by ten:

L'

FGP1Q2Q3,Q4Q5e2+... e

The original contents of the four P flip-flops P,, P3, Py, and Py are
~—tren.data tracks O or 64 are given, these flip-flops—centai eros.
If other data track numbe Fe—~%he-contents of these four flip-flops

b
! will add 1, 2, 3 —77 or 8 to the product of U or L in the least signifi-

ca positions (table 4-3).

4.9.19 PRINT DATA ADDRESS, 16, PRD, Q1 Q2 Q3 Q4 Q5

The PRD command presenﬁs the data .track number as a binary output to in-
put/output. Track numbers O through 63 are characters to be printed or punched
(table 4-4) and track numbers 64 through 127 are control functions (table 4-5).

The operand sector number is disregarded except in the case of a com-
pletely optimum address, where the operand sector is two greater than the loca-
tion of the command. In this instance, the interlock from input/output (Z,) is
overridden and the computer will not wait for a ready signal from input/output:
it assumes the I/O device is in the process of executing a previous print com-
mand.



search
sector
search

Table 4-3
RPC-4010 COMPUTER-
QUANTITIES ADDED DURING

MPT COMMAND

Ua\mmﬁ /)w g/C

\blP-FLOPS ' o

P; P5 | Pa| Ps RE}Uﬁ
o| x| o No| o 10L / L
0 X 0 0 1 1041 L

>
e
o'l x| o 1 0 7 10L+2 ' L
o| x| o |1 1 - 10L+3 L
ol x| 1 ]|o]| o [ \ 10L+5 L
ol x| 1 ]|o]| ¥ \\ 10L+6 L
o | x 1 1/ o \ 10L+7 L
é'/. \\\
o | x| 1 [[1] 1 N\ 1oL+8 L
/] \\
1 o | x/| o 0 \1011 U
1| o| A& o] 1 10U+1 U
/ N
1 o/ x 1 0 10042 ™ U
/ N
1 /0 X 1 1 10U+3 A U
/ _ S\

1 / 1 X 0 0 10U+5 N, U

4 ,
Y11 x |ol 1 10U+6 Ny
/ e

/ ' ' \

/1 1 x |1 ) 10U+7 U
1 1 X 1 1 10U+8 U

X No Effect on Operation

During execution of the PRD command, U and L are circulated by:

Ut =UHQ; Q3 Q¢4+ . -

L' = (NL +NL*) HQ) Q3 Q4 + - - -

During phase 3 of the PRD or PRU command, K is on, so a successful sector
in the first wordtime of phase 3 causes entry into phase 4. If the first
of phase 3 is not addressed, K depends on Z, being true. Hence, a sector
cannot end phase 3 while the interlock is false. When Z, goes true, G



goes on, entering phase 4 immediately. The operand track number is set into the

P flip-flops by f7:

f; = GH Sy S3 F Sy Q + . .

During phase 4, a Y, signal is sent to input/output, indicating data is

being presented for output:

Yo = F G Q1 Q2 Q3 Q4

Table 4-4
RPC-4010 COMPUTER

ALPHANUMERIC AND FUNCTION

'CODE
NUMERIC | DEFINITION | BINARY NUMERIC | DEFINITION | BINARY
00 Tape Feed 000000 32 G 100000
ol Carriage
Return 000001 33 H 100001
02 Tab 000010 34 I 100010
03 Backspace 000011 35 J 100011
04 Color Shift | 000100 36 K 100100
05 Upper Case | 000101 37 L 100101
06 Lower Case 000110 38 M 100110
07 Line Feed 000111 39 N 100111
08 *Stop Code | 001000 40 0 101000
09 001001 41 P 101001
10 001010 42 Q 101010
11 Photo Reader| 001011 43 R 101011
12 , 001100 44 s 101100
13 End of
Message 001101 45 T 101101
14 001110 . 46 U 101110
15 001111 47 \Y 101111
16 o} ) 010000 48 w 110000
17 1 o 010001 49 X 110001
18 2 1 010010 50 Y 110010
19 3 # 010011 51 z 110011
20 4 3 010100 52 , $ 110100
21 5 A 010101 53 = : 110101
22 6 @ 010110 54 [ ; 110110
23 7 & 010111 55 ] % 110111
24 8 ' 011000 56 111000
25 9 ( 011001 57 111001
26 A 011010 58 + ? 111010
27 B 011011 59 - _ 111011
28 c 011100 60 . . 111100
29 D 011101 61 Space 111101
30 E 011110 62 /e 111110
31 F 011111 63 Code delete| 111111




Table 4-5

INPUT/OUTPUT SELECTION CODES

RPC-4000 System

Data Track No.

Input/Output Unit & Function:

64
65
66
67
68
69
70
71
72
73
74
75
76-79
80
81
82
83
84
85
86
87
88-94
95
96
97
98
99
100
101
102
103
104
105
106
107-112
113
114

115
116
117
118
119
120
121
122
123
124
125
126
127

4500
4500
4500
4500
4500
4500
4500

4500

4410
4410
4410
4410

Reader Input

Reader Input & Punch Output

Reader Input & Typewriter Output

Reader Input & Punch & Typewriter Output
Typewriter Input

Typewriter Input & Punch Output
Typewriter Input & Typewriter Output
Typewriter Input & Punch & Typewriter Output
Photo-Reader, Forward & Search
Photo-Reader, Reverse & Search
Photo-Reader, Forward

Photo-Reader, Reverse

Available for Additional Units

4600
4600
4600
4600
4600
4600
4600
4600

Reader Input

Reader Input & Punch Output

Reader Input & Typewriter Output

Reader Input & Punch & Typewriter Output
Typewriter Input

Typewriter Input & Punch Output

Typewriter Input & Typewriter Output
Typewriter Input & Punch & Typewfiter Output

Available for Additional Units
Master Reset
Available for Additional Units

4500
4500
4500

Punch Output
Typewriter Output
Punch & Typewriter Output

Available for Additional Units

4500
4500
4500
4410
4410
4440

Punch Output

Typewriter Output o
Punch & Typewriter Output
Photo-Reader Search Mode
Photo-Reader Search Mode
High Speed Punch

Available for Additional Units

4600
4600

4600

Punch Output
Typewriter Output

Punch & Typewriter Output

Available for Additional Units

4600
4600
4600
4290
4290
4290
4290
4290

Punch Output

Typewriter Output

Punch & Typewriter Output

Input & Output Translator Select
Input Translator Select

Output Translator Select

Input Translator Reset

Output Translator Reset

Input Duplication On
Input Duplication Off
Reset Output Units




With Yo true, input/output reads the states of the P flip-flops. The
combination of their states causes either a character to be printed or punched,
or an input/output function to be executed. The logic involved is explained in
the section on input/output, section 4.10. ' '

4.9.20 PRINT FROM UPPER, 17, PRU, Q Qp Q3 Q4 Qs

The PRU command presents the most significant four or six bits of U as an
output. A "1" in bit position 5 results in a six-bit output. A "O" in bit posi-
tion 5 results in a four-bit output. The two remaining bits of the output word
are bit positions 6 and 7 of the instruction word in the C register.

The operand sector number is disregarded except in the case of a completely
optimum address, where the operand sector is two greater than the location of the
command. As in PRD, the computer will not wait for a ready signal from input/
output.

U'

UHQ Q394+ . . -

L' = (NL +NL¥) HQ) Q3 Q4 + . . .
Bit pOsitibn 5 sets Pj by:

Pyt =f;sC+ . . .

Pi' = f, C+ . . .

f7 = GHSy; S3 F Sy + . . .

The remaining P flip-flops are set during phase 3 by U. The state of Py
determines whether 4 or 6 bits from U are used to set the P flip-flops:

Pyt =k, Pp U+ . .. (6-bit output)

Py' = ko P; P3 + ko PLU+ . .. (4-bit output)

P1U+"' oo on

U
(6]

H

=
[\M]

26' 3 k2 _PS -+ . . . 7" 1" 1"
P,' =k, Pg + . . . moonow
_p7| = k2 26 + . . . " 1 "

kp = F G S; Q1 Q Q3 Q4 Q5 S3



The k, signal is on for only 6 bit times, so it is necessary to take the
input for P3 from U¥,

Phase 3 is ended by:
G' =G tg 2y FZg50Q 038 * - - -

During phase 4, a Y, signal is sent along with the output to input/output
to indicate the computer is ready to output data.

Yo = F G Q1 Q Q3 Q4

The setting of the P flip-flops is read into Input/Output during phase 4.

4.9.21 EXTRACT, 18, EXT, Q1 Q» Q3 Q4 95

The EXT command logically combines the contents of the memory location
specified by the data address bit by bit with the contents of U. The result,
in U, contains "1's" in both memory and U. That is, the result in U is the
Boolean "AND" of the memory word and the previous contents of U.

During the execution of EXT, L is circulated by:

L' = (NL +NL*) H(Q +Q) 8 *. ..
During phase 4, memory and U are combined by:
U' =UHFGVQ Q30 Q2 +. .-

The result of this combination is held in U.

4.9.22 MASKED MERGE LOWER, 19, MML, Q1 Qo Q3 Q4 Qs

The MML command combines the word specified by the data address with L
bit by bit through a mask in U, Bits in L are kept where U is 0, or are re-
placed by bits in memory where U is 1.

During phase 4 of MML, L is the result of:

L' =G (NL+NL*) HQ 2 Q3 U +FGHQ; Q39 Q5 UV

By this logic, L is either the contents of L when U is false, or the
contents of memory when U is true.

4.9.23 COMPARE MEMORY EQUAL, 20, CME, Q; Q Q3 Q4 Qs

The CME command compares U with the addressed word in memory through a
mask in L. If the two words are identical in the bit positions where L has
"1's", the branch control (B) flip-flop is turned on.

At the end of the last word period of phase 3 of the CME command, the
B flip-flop is turned off by: ‘

B' =Z; FGte A Q) Q5 Q34K+ . ..



Throughout the execution of the command, U and L are circulated by:

u! UHQ2 Q3 + . ..
L' = (NL *+ NL*) HQp Q3 + . -
The comparison with U of the word in memory specified by the data address

takes place in phase 4. The indication that the words are equal is that B is
true.

A is preset off at sign time of phase 2:

A" = Ftg H+ . ..

A is turned on by a mismatch during the word, where there are '"l's'" in L:
A' =FGHtg Q Q3|(NL +NL¥) UV Qs+ (NL+NL)U y] + ...

At sign time, if A is off or if the mask has all '"O's'", a successful com-
parison is indicated to B by: «

B' = FGtg Q] Q2 Q3 Q4 A (NL +NL*¥ +U V +UV)+ . ..
During comparison when in repeat mode, until a successful comparison is
made, S; is copied into X in the next instruction sector position. When B goes

on, X starts circulating the sector obtained, which is one greater than the
sector in which the successful comparison was made.

X' =F GQ) Q Q3 Q4 51 S2 S3 BR

4.9.24 COMPARE MEMORY GREATER, 21, CMG, Q7 Qo Q3 Q4 Qs

The CMG command compares the data word in the memory location specified
by the data address with U through a mask in L.

If the word in memory is equal to or greater tham U in the bit psoitions
where L has "1's'", B is turned on.

At the end of phase 3 of the CMG command, the B flip-flop is turned off
by: .

B' = F Gtg Q1 Q2 Q3 (R4 +Q3) + . . .

Throughout the execution of the command U and L are circulated by:

U' =UHQ, Qg3 + .« - .
L' = (NL + NL¥) HQs Q3 + . . .
The comparison of the word in memory specified by the data address with
U takes place in phase 4. This is an algebraic compare on sign digit, if the
mask has a "1" in the sign digit position. If the word in memory specified by
the data address is equal to or greater than U, B is turned on:
Bl = FGtgQ QN3 A [(NL+NL+UV+UV) +

Qs (N L +N1* U V)|



The A flip-flop must be false in order to turn the B flip-flop on. A is
turned off when memory is greater than U, gated through the mask by:

A' =FGQ) Q Q5 VU (NL + NL*) + . . .
When U is greater than V, A is turned on by:
A' =FGHQy; Q3tg (NL+NL*¥)UV+. ..

Thus, with A true, B will not go true. With A false, the B flip-flop is
turned on when there is no mask in L, when U and V are equal, or when V is greater
than U.

As in the CMG command, the sector is copied into X and circulated follow-
ing a successful compare.

4.9.25 TRANSFER ON MINUS, 22, TMI, Q1 Q, Q3 Q4 Qs

The TMI command tests the sign of U. If U is negative, the operand ad-
dress of the command word is used to locate the next instruction. If U is posi-
tive, the next instruction address of the command word is used to locate the
next instruction.

During the execution of the TMI command, U and L are circulated by:

U'

UHQ Q3+ . . .

L' = (NL +NL*) HQy Q3 + . . .

During phase 3, the sign of U determines the location of the next instruc-
tion. If U is negative during sign.time the F flip-flop is turned off when the
sector search is completed, as indicated by K:

E' =Ftg KAQ) Q030 QU+. ..

This returns the computer to phase 2, and the operand address of the com-
mand word becomes the next instruction address.

If U is positive, the G flip-flop is turned on immediately:
G' = FAHQ Q30 QUG tgZ - - -

This causes the computer to enter phase 4 directly, go to phase 1 and use
the next instruction address to locate the next instruction.

4.9.26 TRANSFER ON BRANCH CONTROL, 23, TBC, Q; Qp Q3 Q4 Qs

The TBC command tests the branch control flip-flop B. If B is true, the
operand address of the command is used as the next instruction address and B is
turned off. If B is false when tested, the command has no effect, and the next
instruction is specified in the next instruction address portion of the command
word.

During the execution of the TBC command, U and L are circulated by:

U'

UHQy Q3 + ...

L' = (NL +NL¥) HQy, Qg + . . .



During phase 3, the state of B determines the location of the next in-
struction. If B is on, the F flip-flop is turned off:

F' =F 16 KZj AQ Q0030409 B+ . ..

This returns the computer to phase 2, and the operand address of the

command word becomes the next instruction address. At the same time, B is turn-

ed off by:
B' =23 FGtg KA Q1 Qo Q3 Q5 +
If the B flip—flopbis already off, G is turned on by:
G' =G tg AFHQ Q30Q; Q5B+ . .

This causes the computer to enter phase 4 and use the next instruction
address to locate the next instruction.

4.9.27 STORE UPPER, 24, STU, Q Q, Q3 Q4 Qs

The STU command stores the contents of U in the memory location speci-
fied by the data address. The contents of U are undisturbed.

During the execution of the STU command, U and L are circulated by:

U' =UHQ Q3 Q4+ . ..
L' = (NL + NL¥) HQ) Q3 Q4

In order to record information in memory, W must be true. This is ac-
complished at index time of the last WP of phase 3 and phase 4 by:

wr=(FHGKtg A+HFGt1tg)Q QQ2+. ..

The contents of U are recorded into memory by reading U one bit early
as u:

W and V will record the contents of U into the memory location speci-
fied by the data address.

4.9.28 STORE LOWER, 25, STL, Q; Qp Q3 Q4 Qs

The STL command stores the contents of L in the memory location speci-
fied by the data address. The contents of L are undisturbed.

During the execution of the STL command; U and L are circulated by:

U

U HQp Q3 Q4

L' = (NL + NL¥) HQy Q3 Q4



In order to record information in memory, W must be true. This is ac-
complished at index time of the last WP of phase 3 and in phase 4 by:

W' = (FHGKtgA+HFGitg) O Q203+ . - -

The contents of L are recorded into memory by reading L one bit early
as 1:

V! = Qg (N1 + N 1%)

W and V will record the contents of L into the memory location speci-
fied by the data address.

4.9.29 CLEAR UPPER, 26, CLU, Q1 Q2 Q3 Q4 Q5

The CLU command stores the contents of U in the memory location speci-
fied by the data address and sets U to zero. During the execution of the CLU
command, U is not circulated but reads "O's". L is circulated by:

L' = (NL +NL¥*) HQ Qs

In order to record information in memory, W must be true. This is ac-
complished at index time of the last WP of phase 3 and during phase 4 by:

W' = (FHGKtg A+HFG1e) Q Q2 Q3

The contents of U are recorded into memory by reading U one bit early
as u:

V"—'qu

W and V will record the contents of U into the memory location speci-
fied by the data address.

4.9.30 CLEAR LOWER, 27, CLL, Q1 Qo Q3 Q4 Qs

The CLL command stores the contents of L in the memory location speci-
fied by the data address and sets L to zero.

During the execution of the CLL command, L is not circulated but reads
"O's", U is circulated by:

U' =UHQ Qs

In order to record information in memory, W must be true. This is accom-
plished at index time of the last WP of phase 3 and during phase 4 by:

W= (FHGKteA+HFG1te) & Q% 23

The contents of L are recorded into memory by reading L one bit early,
as 1:

V' = Qs (N1 +N 1¥)

W and V will record the contents of L into the memory location speci-
fied by the data address. h



4.9.31 ADD TO UPPER, 28, ADU, Qi Qo Q3 Q4 Qs

The ADU command adds the contents of the memory location specified by
the data address to U. The sum is retained in U. . If the sum is less than -1
or greater than 1-2-31, overflow occurs and the branch control flip-flop, B,
is turned on.
Throughout the execution of the ADU command, L is circulated by:
L' = (NL + NL*) HQ Qs
During phase 4 the contents of U become the Ij signal:
I) =HFQ Q50U

At the same time, the contents of the memory location specified by the
data address become the I, signal:

Ip=HF O V
The S flip-flop is off, so I, and I, are added. The combination of I,
and I, determines the state of the A flip-flop. The A flip-flop is turned on
by:
A'=IlI2§GQ2£6+..‘.
At sign time the A flip-flop is preset off by:

A' = F GH tg O

The sum of U and V is recorded into U as the e, signal:

ep = A Iy Ip +A Iy Ip+ATI; Ip+ATI) Ip

and U becomes:

U ep FGQ Q Q3 Q5

An overflow is sensed by the B flip-flop at sign time by:
B' =F GtgQ Q Q3 (AI I8 +AI IyS)
Thus, the ADU command adds the contents of the memory location speci—
fied by the data address to L. The sum is retained in L. If the sum is less

than -1 or greater than 1-2-3l, overflow occurs and the branch control flip-
flop, B, is turned on.

4.9.32 ADD TO LOWER, 29, ADL, Q1 Qo Q3 Q4 Qs

The ADL command adds the contents of the memory location specified by
the data address to L. The sum is retained in L. If the sum is less than -1,
or greater than 1-2-31, overflow occurs and the branch control flip-flop, B,
is ‘turned on.



Throughout the execution of the ADL command, U is circuiated by:
U' =UHQQ Qs

During phase 4 the confents of L become the I; signal:
I; =HF Q) Qs (NL + NL¥) + . « .

At the same time, the contents of the memory location specified by the
data address become the I, signal:

12=_H_FQ1V+'.. .

The combination of I, and I, determines the state of the A flip-flop.
The A flip-flop is turned off by:

At =1 I2 S Q> te G+ . .
The A flip-flop is turned on by:
A" = I7 Ip S Qp t6 G+ « . .
Thus, the A flip-flop is on at.sign time only when there is a carry.
The sum of L and’V is recorded into L as the e, signal: |
e =AI] I +AI] Ip +AI Ip+A T I
and L becomes:

L'

FGe2Q1Q2Q3Q5+...
An overflow is sensed by the B flip-flop at sign time by:
B' = FGtgQ Q3 (AI; IpS+AI I;S) + .
Thus, the ADL command adds the contents of the memory location specified

by the data address to L and turns B on if an overflow occurs. Carry is reset
each sign time, so the addition of each word in lengthened L is independent.

4.9.33 SUBTRACT FROM UPPER, 30, SBU, Qi Q2 Q3 Q4 Qs

The SBU command subtracts the contents of the memory location specified
by the data address from U. The remainder is retained in U. If the remainder
is less than -1 or greater than 1-2-31, overflow occurs and the branch control
flip-flop, B, is turned on.

Throughout the execution of the SBU command, L is circulated by:

L' = HQ) Qs(NL + NL*) + . . .
During phase 4, the contents of U become the I; signal:

I].:FEQIQSU".""



At the same time, the contents of the memory location specified by the
data address become the I, signal: -

I =FHQ V+. ..
During execution of a subtract command, the S signal is true:
S=FHQ Qg+ . ..

The combination of I; and I, determines the state of the A flip-flop.
The A flip-flop is turned on by:

A' = I I, S0, tg G+ . . .
At sign time, the A flip-flop is turned off by:
VU S A e *t¢ FGH O
Thus, the A flip-flop is on at sign time only when there is a carry.

The remainder of the subtraction of V from U is recorded in U as the
e, signal:

€ = A I; Ip +AI; Ip+AI) I, +AI) I
and U becomes: »

Ul

e2 F G Q1 Q Q3 Q5
An overflow is sensed by the B flip-flop at sign time by:
B! =F Gtg Q1 Q3 (AL Ip S +ATI; IpsS)

Thus, the SBU command subtracts the content of the memory location speci-
fied by the data address from U and turns B on if an overflow occurs.

4.9.34 SUBTRACT FROM LOWER, 31, SBL, Q; Qo Q3 Q4 Qs

The SBL command subtracts the contents of the memory location specified
by the data address from L. The remainder is retained in L. If the remainder
is less than -1 or greater than 1-2-31, overflow occurs and the Branch Control
flip-flop B is turned on.

Throughout the execution of the SBL command U is circulated by:

U'=UEQ1Q5+...
During phase 4, the contents of L become the I, signal:

Il=FHQ1Q5 (EL"‘NL*)'F;. . .

At the same time, the contents of the memory location specified by the
data address become the I, signal:

I,=FHQ V+...



During the execution of a subtract command, the S signal is true:
S=FEQ1Q4+nao

The combination of I; and I, determines the state of the A flip-flop.
The A flip-flop is turned on by:

A' = I3 I S Q2 te G+ . . .
At sign time the A flip-flop is turned off by:
A' = 1) IS Q te G+ te FGHO + . .

Thus, the A flip-flop is on at sign time only when there is a carry.

The remainder of the subtraction of V from L is recorded into L as the
e, signal: :

e =A I Ip+AIL Ip+Al Ip+Al; Ip*+. ..

and L becomes:

Ll

FGe2Q1Q2Q3Q5+---
An overflow is sensed by the B flip~flop at sign time by:
B' = FGtgQ Q0 Q3 (AI1 I28+ATI Iz8)+. ..

Thus, the SBL command subtracts the contents of the memory location speci-
fied by the data address from L and turns the B flip-flop on if an overflow occurs.

4.10 RPC-4500 TAPE-TYPEWRITER SYSTEM--Communication between the Computer and the
operator is carried out through the RPC-4500 Tape-Typewriter System. This system
allows the operator to enter information in the form of commands or data into the
computer. The information which the unit prints may be used as a permanent re-
cord of operations. The RPC-4500 Tape-Typewriter System is composed of the RPC-
4430 Reader/Punch and the RPC-4480 Typewriter. Up to 60 input or output units
may be connected to the computer through the RPC-4430 Reader/Punch (figure 4-26
and 4-27).

The reader/punch is designed to use one inch wide paper tape. Characters
are represented by seven holes across the width of the ‘tape. Six of the holes
define the charac}g;i'While the seventh hole is used for a parity bit to insure
that there is aQ{gvenTMumber of holes representing each character.

S ‘ :

The typewriter appears to the system as two devices, just as the reader/
punch is two devices. It appears as an input device when an operator types in-
formation being received by the computer, and it appears as an output device
when it accepts information from the computer to be transformed into printed
copy. Characters are represented as the outputs of seven logic gates in the
same binary code as the reader/punch tape holes. ’

The control panels on the RPC-4430 Reader/Punch allow the operator to inter-
rupt or override computer control of input/output equipment. When the input/out-
put system is not being used in conjunction with the computer the operator has
autonomous control of the input/output equipment.

4-74
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FIGURE 4-26 RPC 4500 TAPE TYPEWRITER SYSTEM

Operating on-line (with the computer) the input/output equipment responds
to commands issued by the computer. The computer is capable of selecting speci-
fic devices with which to communicate. While only one input device may be sel-
ected for operation with the computer at any one time, several output devices
can receive information from the computer simultaneously. Selections are made

by the computer under program control, but the operator may intercede by means
of the control panel.

Duplication of information entering the computer may be accomplished on
selected output devices by use of Input Duplication mode. When devices are used
simultaneously the speed of the system is that of the slowest operating device.
For example, the reader will wait after presenting a character while the slower
typewriter or punch duplicates the character.

The usual input to the computer consists of a group of characters followed
by a code indicating the end of a word. The operator may select Single Character
Input mode; in which only one character enters the computer each time the computer
requests input. (Single Character Input mode cannot be used for data entry while
the lower accumulator is in lengthened mode.)

On-line operation of the system provides a test for correct (even) parity.
This function (Parity Monitor) may be inhibited manually by depressing the
PARITY MONITOR INHIBIT switch on the control panel.



line operation.
meaningful combination to prepare, examine, or modify tapes.
operating off-line the stop code may be ignored to allow tapes to be duplicated
without initiating a read cycle each time this code is read.
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FIGURE 4-27 RPC 4430 READER/PUNCH

4.10.1 SYSTEM CONTROL, ON-LINE

Off-line operation of the system incorporates many of the features of on-
The typewriter, reader, and punch can be used off-line in any
In addition, when

The system control (on-line) section functions as interpreter between
the computer and input or output devices; no signals pass directly between the




computer and any device. This section synchronizes the activities of several
simultaneously operating output devices and/or a single input device by checking
the device "READY'" signals (R). It then controls the computer accordingly with
synchronizing signals (Z). Input and output characters are stored within this
section in a set of 7 bit flip-flops (B). System Control also performs the
function of controlling automatic (program controlled) selection of input and
output devices by producing the SELECTION gate sampling pulse (S) after deter-
mining whether a character from the computer is to be used for output or selec-
tion. Signals pertinent to controlling devices and the input and output data
are routed to devices via information bus lines. A parity check (for even
parity) is made on all input information present on the bus lines so that any
input device connected with the system uses the parity check feature. Differ-
ent modes of operation can be set up by program control or through manipulation
of the control panel. These various modes are handled by the system control
section, and thus any device installed in the system can operate in these al-
ternate modes. They are: Input Duplication (program selectable), Parity Moni-
tor Inhibit, and Single Character Input (manually selectable). (4 bit or 6 bit
input is determined within the computer.) The system can accommodate up to

60 devices utilizing the information bus lines, all devices being program sel-
ectable and monitored by system control (on-line). '

4.10.2 SYSTEM CONTROL, OFF-LINE

This section is completely independent of the on-line system control
section although it performs similar functions. This section does not communi-
cate with the computer and the modes of operation must be manually selected.
There is no parity check installed off-line. The off-line information busses
driven and monitored by the computer accommodate only a typewriter and a reader/
punch unit. Characters to be processed are stored in 7, tape hole, flip-flops
(H). All necessary tape preparing and editing modes are provided.

4.10.3 DEVICE CONTROL

Practically any input or output device can be connected to the informa-
tion bus lines from on-line system control, since sufficient control and data
information is presented to or accepted by these lines. Input/output devices
do differ in the power required to drive them, power level supplied, and in
polarity (and sometimes duration) of signals. The function of the device con-
trol circuits is to accommodate any device to the information bus lines. There
are also functions peculiar to individual devices which require internally gen-
erated or '"shaped'" signals; these are also formed by the device control circuits.
Automatic selection of a device is accomplished with a circuit which is similar
in each device (1 transistor and up to 8 components decode a selection pattern).
This circuit usually sets (a simpler one resets) a selection flip-flop (Q). The
B signals form a code which is sampled, using the selection signal (S). Input
devices present character information (which sets B or H flip-flops) as Bp*-Bs*
or Hp*-H7* signals. Output devices accept character information from B or H
signals. Either device presents "READY' synchronism signals (R). The output
device "GO-AHEAD" signal (G) starts an output device cycling. The input de-
vice "ADVANCE" signal (A) initiates an input cycling. The signals A, B, B¥*,
B1*-By¥, H*, Hy*-H,*, P1-Pg, and S, as well as K and U either from or to system
control, are derived from on-line or off-line information bus lines. Character
information is processed or transmitted only if a device is selected (on-1line)
when Q is true, or a device is selected off-line and it has been manually switch-
ed off-line. Only devices within the RPC-4500 and RPC-4600 can be manually



switched off-line. This operation switches device control to respond to off-
line system control information bus lines (emanating from circuit cards 12 and
13), rather than on-line information bus lines.

4.11 RPC-4500 CONTROLS--The RPC-4480 Typewriter is equipped with three keys
which perform special input/output functions. The BACKSPACE key normally backs
the typewriter platen one character when depressed. When it is depressed while
the SPECIAL key is held down, the tape in the punch section of the reader/punch
is backed one character position at the same time the platen is backed. This is
accomplished by completing the circuit through relay K-1 on the power control
chassis (figure 4-28), Normally, X is used on the typewriter in its usual func-
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FIGURE 4-28 TAPE TYPEWRITER BACKSPACE CIRCUIT

tion. When pressed at the same time SPECIAL is held down, a NULL code is gener-
ated on the paper tape. The CODE STOP prints an asterisk and generates the stop
code to stop the operation of an input device. The normal keys of the typewriter
print their specific characters and generate the RPC-4010 binary code, available
at the output of the typewriter (figure 4-29).

4.11.1 PRIMARY CONTROL PANEL

Control of all input/output equipment used with the RPC-4000 Computer Sys-
tem is accomplished manually by use of the RPC-4430 Reader/Punch_control panels
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FIGURE 4-29 TYPEWRITER KEYBOARD

(figure 4-30). The primary control panel is located on the top right side of the
unit. The switches on this panel are described as follows:

The SYSTEM POWER switch (figure 4-31) is a two-position, latching switch,
which when depressed completes the AC power circuit to all system input and out-
put equipment. When contacts 2 and 3 of the SYSTEM POWER switch are closed, the
circuit through the coil of system power relay K-3 in the power control chassis
is completed, energizing relay K-3 and completing the 115V, AC circuit to the
power supply.

SELECTION
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TASE FEED nESET N

CHAR MODE

MASTER INPUT DUBLICATION
RESET nesey SELECT

TYPEWRITER  READER PUNCH
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START READ STOP READ CHAR MODE / START READ STOP READ  START COMPUTE

FIGURE 4-30 READER/PUNCH CONTROL PANELS
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There are two PARITY MONITOR switches (figure 4-32).

RESET, a two-posi-

tion, non-latching switch, when depressed resets the parity error signal (E).
This signal when true inhibits data flow. A parity error is indicated by a
light in the RESET button. When contacts 1 and 2 of the RESET switch are open-
ed, the B flip-flops are set and generate a correct parity code. (This code is

By By B3 By Bs Bg By-)

CTT AT r
d-3 I MASTER RESET

— — —— p— c——

1
4
-]
[~ |
L)
NON LATCHING. L

Le-l

RESET
85—

@ O-24v
X

0
T

L2
s3

]

|

|

|
NON LATCHING |

|

|

|

R.H. CONTROL PA“EEJ

FIGURE 4-32 PARITY MONITOR RESET AND INHIBIT CIRCUITS

Before a parity error can be detected, the system is committed to process
the character. The computer will receive the error character, unless it is a
stop code. To reset the error signal and resume operation, the STOP READ switch
should be depressed and the error corrected prior to the PARITY MONITOR RESET

switch being pressed.

INHIBIT, a two-position, latching switch, when depressed overrides the
results of parity checking of input data. When contacts 2 and 3 of the INHIBIT

switch are closed the start signal (Zg) is unaffected by E.

When contacts 5 and

6 are closed the synchronizing signal (Zp) is unaffected by E, allowing data to



be read regardless of the state of E. Contacts 8 and 9 of the INHIBIT switch
complete the circuit to the light, which is illuminated when the switch is de-
pressed. '

The MASTER RESET switch (figure 4-33), a two-position, non-latching
switch, when depressed disconnects all input/output units from the computer.
When contacts 4 and 5 of the MASTER RESET switch are opened, the B flip-flops
are set to the code By By B3 B4 Bs Bg B7 which allows the UNSELECT signal (U)
to go true. Also, the ground to Q7_on system control card #5 is opened and
the SELECT signal (S) goes true, enabling the selection gate at each output
device to be reset by the logic term SU. Input device selection is reset by
the logic term By S.
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FIGURE 4-33 MASTER‘RESET CIRCUIT

There are two INPUT DUPLICATION switches (figure 4-34). SELECT, a two-
position, non-latching switch, when depressed sets the RPC-4500 Tape-Typewriter
to the input duplication mode. When contacts 1 and 2 of the SELECT switch are
opened, the input copy mode flip-flop (C) on system control card #4 is set true.
RESET, a two-position, non-latching switch, when depressed stops the RPC-4500
Tape-Typewriter input duplication mode. When the RESET switch is depressed
contacts 1 and 2 are opened, and the input copy mode flip-flop (C) on system
control card #4 is set false.
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The START READ switch (figure 4-35), a two-position, non-latching, short-
ing (make before break) switch, when depressed and subsequently released ini-
tiates operation of the selected input device. When contacts 2 and 3 are closed,
the synchronizing READY signal (Zy) is held false, inhibiting operation. When
contacts 1 and 2 open, signal Lp.] goes true, turning on the input flip-flop (I.).

The STOP READ switch, a two-position, non-latching switch, when depressed
stops the operation of the selected input device. When contacts 1 and 2 on the
STOP READ switch are opened, the input flip-flop (I.) on system control card #5
is set false by the Lj.i signal, which stops the input of data to the computer.

s-8 START READ ' Le
NON-LATCHING SHORTING J

) - -
NON-
ON_LATCHING STOP READ

2 1 | h
Le
.[ L *]

SYSTEM CONTROL
| | (ON-LINE) CARD NO.6

| (ON-LINE) 20 __i I__ —_—— _J

SYSTEM CONTROL Rz2g 12K

FIGURE 4-35 START READ AND STOP READ CIRCUITS (ON-LINE)

The START COMPUTE switch (figure 4-36), a two-position, non-latching,
shorting (make before break) switch, when depressed and subsequently released
sets the computer to compute mode. When contacts 2 and 3 of the START COMPUTE
switch are closed, the INPUT-ENABLE-COMPUTE signal (Zj) to the computer is held
false. When contacts 1 and 2 open, the START COMPUTE signal (Zg) is forced
true. The computer cannot proceed until contacts 2 and 3 re-open.
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I
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FIGURE 4-36 START COMPUTE CIRCUIT



The SINGLE CHARACTER MODE switch (figure 4-37), a two-position, latching
switch, when depressed causes the input device to halt and the computer to go
into compute mode after a single character entry. In this mode, the computer
can receive any character presented. (Normally, character. codes less than 16
in binary value are inhibited from entering the computer.) This mode cannot be
used for data entry when the computer is in lengthened mode. When contacts 2
and 3 of the SINGLE CHARACTER MODE switch are closed the INPUT BEGIN signal
(Zp) is routed to turn I, off. When contacts 4 and 5 are opened, Z, is allowed
to go true for any character. When contacts 8 and 9 are closed the_§2ABl_gQMEUIE
51gna1 (Zs ), ] em control card #5, is contxolled
(‘ﬂ.““ iiioc] one-shat multivibrator on system control card #4.

. N "
“Medire@ gt & gnd
There are seven character indicator lights on the primary control panel.
These lights are designated P, 6, 5, 4, 3, 2, and 1 and are illuminated to in-
‘dicate the next character code to be read by the paper tape in the RPC-4430.

The signals to these lamps are generated by the transistors Qg through Qg on
reader control card #7, and are a reading of the reader brushes.
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4.11.2 AUXILIARY CONTROL PANEL

The auxiliary control panel is located on the top left side of the RPC-4430
Reader/Punch unit. The switches on this panel are described as follows:

The POWER switch (figure 4-38), a two-position, latching switch, when de-
pressed applies AC power to the RPC-4500 Tape-Typewriter System devices. When
contacts 2 and 3 of the POWER switch are closed, the circuit through device power
relay K-2 on the power control chassis is completed. Contacts 3 and 4 of the
device power relay complete the AC power circuit to the reader/punch and the
typewriter. Contacts 5 and 6, 7 and 8, and 9 and 10 route the DC voltage to
the reader/punch and the typewriter and their device control circuit cards.
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FIGURE 4-38 RPC 4500 UNIT POWER CIRCUIT

A SELECTION MONITOR light (figure 4-39) is provided which when illuminated
indicates that an on-line input or output device is operating off-line. The cir-
cuit to the SELECTION MONITOR light is completed by any one of the input or output
device selection flip-flops being set true.

The TYPEWRITER TO COMPUTER switch (figure 4-40), a two-position, non-
latching switch, when depressed establishes the typewriter to computer intercon-
nection. It is illuminated to indicate that the typewriter has been selected
on-line as the input device. When contacts 1 and 2 of the TYPEWRITER TO COM-
PUTER switch are opened, the signal Lp_] goes true, turning on the typewriter
select flip-flop (Qj) on card #14, enabling the typewriter to operate as an in-
put device.

The READER TO COMPUTER switch (figure 4-41), a two-position, non-latching
switch, when pressed establishes the paper tape reader to computer interconnection.
It is illuminated to indicate that the paper tape reader has been selected on-line
as the input device. When contacts 1 and 2 of the READER TO COMPUTER switch are
opened, the signal L,_.] goes true, turning on the reader select flip-flop (Qr) on
card #8, enabling the paper tape reader to operate on-line.

The AUX TYPEWRITER TO COMPUTER switch (figure 4-42), a two-position, non-
latching switch, when pressed establishes the auxiliary typewriter to computer
interconnection. It is illuminated to indicate that the auxiliary typewriter
has been selected on-line as the input device. When contacts 1 and 2 of the
AUX TYPEWRITER TO COMPUTER switch are opened, the signal L,_j goes true, turning
on the auxiliary typewriter select flip-flop (Qy) on card #14 (at card position
29), enabling the typewriter to operate as an input device.
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FIGURE 4-40 TYPEWRITER TO COMPUTER CIRCUIT

The COMPUTER TO TYPEWRITER switch (figure 4-43), a two-position, non-
latching switch, when depressed establishes the computer to typewriter intercon-

nection.

It is illuminated to indicate that the typewriter has been selected

on-line as an output device. When contacts 1 and 2 of the COMPUTER TO TYPEWRITER
switch are opened, the signal L,_j goes true, turning on the typewriter select
flip-flop (Q,) on card #17, enabling the typewriter to operate as an output

device.
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The COMPUTER TO PUNCH switch (figure 4-44), a two-position, non-
latching switch, when depressed establishes the computer to paper tape punch
interconnection. It is illuminated to indicate that the paper tape punch has
been selected as an output device. When contacts 1 and 2 of the COMPUTER TO
PUNCH switch are opened, the signal Lq-l goes true, turning on the punch select
flip-flop (Qp) on card #11, enabling the paper tape punch to operate as an out-
put device.
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FIGURE 4-44 COMPUTER TO PUNCH CIRCUIT

The COMPUTER TO AUX TYPEWRITER switch (figure 4-45), a two-position, non-
latching switch, when depressed establishes the computer to auxiliary typewriter
interconnection. It is illuminated to indicate that the auxiliary typewriter
has been selected as an output device. When contacts 1 and 2 of the COMPUTER
TO AUX TYPEWRITER switch are opened, the auxiliary typewriter select flip-flop
(Qz) on card #17 (at card position 32) is set, enabling the auxiliary typewriter
to operate as an output device.
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FIGURE 4-45 COMPUTER TO AUXILIARY TYPEWRITER CIRCUIT

The READER TAPE MONITOR light (figure 4-46) is illuminated when the paper
tape reader is out of tape, or when the tape is jammed. When tape trouble oc-
curs, the reader if selected will stop and halt system operation until the trou-
ble is corrected. '
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4.11.3 OFF-LINE CONTROL

The following switches are used to control off-line operations:

The CONDITIONAL STOP switch (figure 4-47), a two-position, latching
switch (illuminated when depressed), when depressed allows the off-line system
to continue although a stop code character has been sensed. When it is not de-
pressed, the system requires that the START READ switch be depressed following
a stop code. Similarly, the SINGLE CHARACTER MODE switch is ignored when the
CONDITIONAL STOP switch is depressed. At this time, contacts 2 and 3 close,
causing transistor Qg on card #12 to conduct, which holds I,' false, inhibiting
turn off of the I, flip-flop.
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FIGURE 4-47 CONDITIONAL STOP CIRCUIT

The TAPE FEED switch (figure 4-48), a two-position, non-latching switch,
when depressed causes the paper tape punch to punch tape feed holes if the PUNCH
SELECT switch is depressed. When contacts 2, 3, 5, and 6 of the TAPE FEED switch



FIGURE 4-48 TAPE FEED CIRCUIT

are closed, the H!' and G signals are produced, forc1ng the H flip-flops false
and causing the punch to cycle.

The TYPEWRITER SELECT switch (figure 4-49), a two-position, latching
switch, when depressed releases the typewriter from the on-line system, allowing
off-line operation. When contacts 4 and 5 of the TYPEWRITER SELECT switch open,
the relays on relay cards Vy and Viy release, and switch the typewriter inputs
and outputs to off-line system control. Closure of contacts 2 and 3 causes the
on-line signals A, and Qj to be ignored. When contacts 1 and 2 open, O; is held
off unless READER SELECT is depressed.

READER SELECT

T /W SELECT 553 |
/§-21 LATCHING _LATCHING
—-—

1203

RELAY BOARD Vg

FIGURE 4-49 TYPEWRITER SELECT CIRCUIT

The PUNCH SELECT switch (figure 4-50), a two-position, latching switch,
when depressed disconnects the paper tape punch from the on-line system, allow-
ing off-line operation. When contacts 1 and 2 of the PUNCH SELECT switch are
opened, the relays on relay card X release and switch the punch from on-line to
off-line system control.

The READER SELECT switch (figure 4-51), a two-position, latching switch,
when depressed disconnects the paper tape reader from the on-line system, allowing

4-89



FIGURE 4-50 PUNCH SELECT CIRCUIT

' ———— 522
| LATCHING
SHORTING l

7

~24v . |
| 2 p
P
3|

|
|
u!g RELAY BOARD w__l

&
N

LfEADER CONTRO-L CARDNO.8 I l =

J? >

FIGURE 4-51 READER SELECT CIRCUIT

off-line operation. When contacts 2 and 3 close, the typewriter output flip-flop
(Ot) on card #17 is no longer held off (while the typewriter is off-line). Con-
tacts 4 and 5 open to remove ground from relay coils on relay board W which re-
lease, and switch the reader from on-line to off-line system control. Contacts

7 and 8 are opened and contacts 8 and 9 are closed, switching reader control
signals (Ap and Ap) from computer to manual (off-line) control.

The START READ switch (figure 4-52), a non-latching, shorting (make before
break), momentary switch, when depressed and subsequently released initiates opera-
tion of the typewriter or the tape reader when in the off-line mode. When contacts
1 and 2 of the START READ switch are opened, the input flip-flop (Iy) on card #12
is set true. When contacts 2 and 3 are closed, advance flip-flop (Ap) is held off
by making the signal Rg false, inhibiting a read cycle until the switch is released.

The STOP READ switch, a two-position, non-latching switch, when depressed
stops operation in the off-line mode. When contacts 1 and 2 are opened, the input
flip-flop (Ip) on card #12 is turned off.

The SINGLE CHARACTER MODE switch (figure 4-53), a two-position, latching
switch, when depressed causes the paper tape reader (or typewriter) to stop after

’



START READ

$-24 NON- LATCHING
[ Lyt

R49
12K

N (]
START READ

STOP READ
s-25 NON-LATCNING

J_—o*i_

| STOP READ

|
|
|
l
|
|
|
|
|
R
|
|
|

SYSTEM CONTROL (OFF LINE) CARD NO. I3

S —— o — o ——
SINGLE CHAR. COND | l
r————-— — 849 q, _ | o _ Ny .

§26 LATCHING i -~ L -4

! a . Y £ l
T o |
I |2 54K 15K 15K 15K 15K 15K I
] T l RE! R20 R38 R57 RI9 R4t RE0
| :4 l
| | h t b
' = H, Ha H3 _4 Hg Hg |
| | _J

FIGURE 4-53 SINGLE CHARACTER MODE CIRCUIT (OFF-LINE)



each character is read. In this mode, each depression of the START READ switch
initiates the reading of one character with the reader in the off-line mode.
When contacts 1 and 2 of the SINGLE CHARACTER MODE switch are opened, the input
flip-flop (Ip) on card #12 will be set off each time the input signal (H*) is
true, causing the reader to read one character each time the START READ switch
is pressed. The CONDITIONAL STOP switch overrides the function of the SINGLE
CHARACTER MODE switch.

Synchronizing signals to the computer are used to coordinate input and
output of information and indicate the state of the various input and output de-
vices. The START COMPUTE signal (Zg) (figure 4-54) is generated by pressing the
START COMPUTE pushbutton, by a stop code with the PARITY MONITOR INHIBIT push-
button depressed (Ly), or no parity error (E) and not in single character mode:

2s = (Lg + E) Lb B1 B2 B3 B4 Bs B (B') B¥ +Lp M+ Lj
The READY synchronism signal (Zy) (figure 4-55) is generated by an out-.

put device READY signal (R1), the start read pushbutton not depressed (Lp) and
no parity error (E), or the PARITY MONITOR INHIBIT pushbutton depressed (Lg).

Zy = Ry Lp (E + Lg)
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4.12 READER INPUT--The reader control circuit cards in the RPC-4500 Tape-Type-
writer control the functions of the paper tape reader both on-line and off-line.
The reader select flip-flop (Qr) is turned on by a select code from the computer
or by the READER TO COMPUTER switch (figure 4-56) on the auxiliary control panel.
The B3P’ B4p, Bsps and Bgp signals (power outputs of the B flip-flops) are com-
bined in a resistor-transistor NOR gate; if any one of these signals is true,

the gating transistor (Q3) is saturated and its output is false. With all the
above mentioned B signals false, the S signal is not blocked by transistor Q3
and it saturates the transistor Ql grounding the Q, signal, and sets Q, true.
When the READER TO COMPUTER switch is pressed, the ground which holds signal




Lp-1 false is removed, and Q; is saturated grounding the base of Qp and turning
the Q, flip-flop on.

Q' =S B3 By Bs Bg + L

The reader select flip-flop is turned off by the select signal and any one
of the Bj or B5p signals being true, combined with Bg being false. This
grounds tge base of transistor Q4 and causes the S signal go saturate Qp holding
Qr false, resetting the Q, flip-flop. As the READER SELECT switch (L,,) is pressed,
the Q, flip-flop is reset by a signal from the reader off-line relay (w14b), which
saturates transistor Qs.

Q' = S Bg (Qr')— d Ly (leading)
dt
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FIGURE 4-55 SYNCHRONIZING SIGNALS (Z,, Ry, Z,, R5)

The on-line system control section also generates the signals which con-
trol the input and output functions of all on-line input and output equipment.
The input, or read, mode is indicated by the input flip-flop (I;). During
phase 4 of the first cycle of an INPUT command the computer produces the sig-
nal Yj5.

Y; = (FG+H) Q) Q Q32 9 M
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The signal Yj is routed to the I flip-flop through a diode so that when
Yi goes false Qg is cut off, allowing I. to go true, which holds the I signal
to ground. When the START READ switch on the primary control panel is depressed
a negative voltage saturates the off side transistor of the I flip-flop, ground-
ing the I, signal and causing Ic to go true (figure 4-57). The logic which turns
I on is;

The input flip-flop is turned off by a START COMPUTE signal (Zg) to the
computer which saturates the on side transistor and holds I to ground. It may
also be turned off by a SELECT signal (S) which drives the on side transistor
into saturation and grounds the I, signal. When the SINGLE CHARACTER MODE switch




on the primary control panel is depressed and a character is being presented for
input (indicated by Zp) I, will be turned off. The STOP READ switch on the pri-
mary control panel will turn I, off also, by allowing the I. transistor to satu-
rate and ground the I, signal. The logic which controls the above operations
is:

Ic' =25+ S+ Zy Ly + Ly

-24v

FIGURE 4-57 INPUT FLIP-FLOP (I.)

The advance flip-flop (A.) (figure 4-58) initiates a read cycle when turned
on. A read cycle is begun only when in the input or read mode (Ic) and when all
devices are ready (Zq):

Ac' = I¢ Zq

The advancé flip-flop is turned off by the trailing edge of the differ-
entiated B* pulse:

A.' = d B¥ (trailing)

- dt

The SELECT signal (S) (figure 4-59) indicates device or mode selection.
It goes true when the MASTER RESET switch on the primary control panel is press-
ed, opening the ground circuit to the emitter of the transistor, generating the
S signal.

S'" =L, + . ..
In order to set the B flip-flops and read into the computer, B* must be
true. When the reader select flip-flop and the advance flip-flop are true and

the READER SELECT switch (off-line) is not depressed at the time reader cam 1
is true, the B* signal goes true:

B* = (Reader Cam 1) Q, AL Ly

(B* is actually derived from a one-shot multivibrator set by this term. )
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When operating off-line, the reader select flip-flop (Qr) is ignored, and
the READER SELECT switch must be in the off-line mode:

H*¥ = (Reader Cam 1) Ap Ly

The reader tape-sensing brush signals are identified as T; through T;.
When operating on-line, the brushes which are in contact with the drum through
holes in the paper tape set the B flip-flops by energizing the drum with B*,
Off-line operations are identical, except that the H flip-flops of the off-line
system control section are set: '

*
]

(T1_7) B*

(Ty_7) BH*

I
=
I
~N
*
[

During input of data to the computer, the B* signal generates B' which
sets all of the B flip-flops false (figure 4-60). Signals from input devices
are designated B(n)* and set the respective B flip-flop true in much the same
manner as the P(n)o‘signals. When a B(p)* signal is true it drives the off
side transistor of the B(n) flip-flop into saturation, which grounds the B(n)
output and allows the B(n) output to go true.

Bm B Bnmp

TYPICAL BF/FS ON CARDS 182
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FIGURE 4-60 B FLIP-FLOP CIRCUIT

It should be noted that the Bg flip-flop may also be set false and B~ set
true by an Le signal from the MASTER RESET switch or an L. signal from the PARITY
MONITOR RESET switch. The signals which accomplish this are:

Be' = B' + Le * L¢

B7' = By* + Y, (B') E + Lg + L¢
By' = By
Bz' =B2* + . . .



BS'=B5*+-..
Bé’=B6*+"'

Characters are stored in a set of seven B flip-flops, designated B1 through
B7, located on system control cards 1 and 2. Operation of each of the B flip-
flops is identical. A B' signal is sent to the base of the on side transistors,
which sets all of the fllp -flops false by saturating these transistors, there-
fore grounding the outputs. The logic for turning the B flip-flops off is:

By' = B!
Bo' = B!
B3' = B'
By' = B!
Bs' = B!
Be' = B' + Le + L¢
By' = B'

. The B' signal is generated during output of data from the computer or input
of data by an input device:

B' =d Y, (leading) + d B* (leading)
dt

dt

Where d is the differentiated leading or trailing edge of the designated signal.
dt

The Y, signal is generated during phase 4 of a print command from the com-
puter by:

Yo=FGQ1929394

During each word period of an output command from the computer, the Yo
signal is false until phase 4. Signals from the computer P flip-flops de51g—
nated P(j)o, are presented (but not necessarily accepted) at all times to the
B flip-flops. The P(n)o signals will, if true, saturate the false transistor
of a corresponding B flip-flop, gated by the Y, signal. Thus, a true signal
from the computer will hold the false side of the corresponding B flip-flop
to ground setting the B flip-flop true. The logic for performlng the above
operation for each of the B fllp-flops is:

Bl'=YoP7O+Le +LC.+'°'

P6O+L + L + . . .



BS'=YOP3O+Le + L + ...
Bg' = Yo Ppg + . . .

The By flip-flop represents the parity bit, and its state is generated
when the B' signal is false and the PARITY ERROR signal (E) is true, so that
the output of the computer is augmented to have correct (even) parity. (E will
be false after B is set correctly.) This operation is also gated by Yg:

B7' =Yy (B') E+ Lg + L + . . .

The Bj through Bs and B, flip-flops are also set true by an Le signal from
the MASTER RESET switch or an L. signal from the PARITY MONITOR RESET switch.

The tape feed ADVANCE TAPE signal to the reader (figure 4-61) is generated
on-line by the READER SELECT signal (Qr), the advance flip-flop (Ac) and the
READER SELECT switch in the on-line position (Ly).

TAPE FEED = Ag Qp L, + Ap Ly
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FIGURE 4-61 READER TAPE FEED

The reader clutch (figure 4-62) is engaged when the reader select flip-
flop is true (Q,) or when operating off-line by the input flip-flop (Ip) and
the READER SELECT switch in the off-line position. ‘

READER CLUTCH = Qy Re3 Ly + Ly Ip

The advance on-line flip-flop (Ac) is controlled by R3. In order to gener-
ate an R3 signal, the reader must be ready (Reader Cams 2 and 4) (figure 4-63),
the reader select flip-flop must be true (Qr), the READER SELECT switch must be
in the on-line position (Lv), and the tape trouble switches must be false. Con-
trol of the off-line advance flip-flop (Am) is through R5. In this mode, the
reader must be ready (Reader Cams 2 and 4), the READER SELECT switch must be in
the off-line psoition, and the tape trouble switches must be false.



Rg (Reader Cams 2 and 4) Q, L, (Reader Tape Trouble Switches)

(Reader Cams 2 and 4) L, (Reader Tape Trouble Switches)

Rg

INPUT begin (Zp) is generated by an input sampling signal, (B¥), the ab-
sence of the flip-flop reset signal (B') and the SINGLE CHARACTER MODE pushbut-
ton depressed or an acceptable character with the typewriter function signal
false (F). '

Zp = B* (B') [ L, + (By + Bz + B3z + By + Bs + Be) E]

The INPUT ENABLE signal (Zj) requires the absence of an input sampling
signal (B¥*) and the non-depression of the START COMPUTE switch (Ei)'

z = B* Lj

A non-readiness query being false tests the readiness of all devices. The
Zq signal is generated by the READY synchronism signal (Zzy) and an input DEVICE
READY signal (R3). :

Parity checking of information in the RPC-4000 system is accomplished in
both input and output modes by the system control section of the RPC-4500 Tape-
Typewriter System. Each character contains six bits of identification and a
seventh parity bit, which is included or excluded to bring the total to an even
number of ones, or true bits, in each character.

Input and output information is sent through the B flip-flops character by
character. The parity check is made of each character by reading the settings
of the B flip-flops and by generating an error signal (E) if an odd number of
ones is recognized.
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With the computer in input mode, E will stop the operation of both the com-
puter and input device if the PARITY MONITOR INHIBIT pushbutton is not depressed.
In the event of an error a correction may be typed or re-read into the computer,
provided the PARITY MONITOR RESET pushbutton has been pressed to resume opera-
tion. Pressing the PARITY MONITOR RESET pushbutton should be preceded by pressing
the STOP READ pushbutton.

With the computer in the output mode, E will go to a negative voltage when

an odd number of true bits is detected and set the By flip-flop true to generate
the necessary parity bit.
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The outputs of the B flip-flops are inputs to system control card #3
(figure 4-64). The B signals are compared through "exclusive NOR' gates which
detect an odd or even number of ones in the character to determine the state of
E as true or false. The states of B} and By are compared to Q2. Both B; and
Bo are connected to the emitter of Q2 through a diode gate. Thus, when By and
B> are both false (at ground potential) the emitter and base of Q2 are held at
ground. As a result Q2 is cut off, and the collector is at a negative voltage.
When B} and By are true (at a negative voltage) the emitter and base of Q2 are
held negative. Again, Q2 is cut off, and the collector is negative. When B;
and Bp are both false or both true, an even number of bits is determined in Bj
and Bz and indicated by Q2 output being true.

+24V -24V +24V -24V +24V -24V
A k A K

CRIO

R25

4.7K

SYSTEM CONTROL (ON LINE) CARD NO, 3

FIGURE 4-64 PARITY ERROR CIRCUIT
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In the event Bj and B, do not coincide (B] false and Bo true, or Bj true
and By false), the emitter of Q2 will be held to ground and the base deflected
to a negative voltage. Consequently, Q2 will conduct and the collector will be
held false, indicating an odd number of true bits for B; and Bjp. '

The Q2 circuit determines the number of true bits in B1 and B2. In the
same manner, the Q7 circuit determines the number of true bits in B3 and B4 and
the Q9 circuit determines the state of the Bs and Bg combination. ‘

In the next stage the number of true bits in the outputs of Q2 and Q7 are
determined by Q3. If the outputs are both false (indicating that Bj and By
are odd and that B3z and B4 are odd) or both are true (indicating that both com-
binations, By B, and B3 By are even) the output of Q3 is true, indicating that
the number of true bits in By, By, Bg, and By is even. An even number of true
bits in these four B flip-flops will be indicated by:

(By By + By Bp) (B3 Bg + B3 By) + (By Bp + By By) (B3 By + Bg By)

If the outputs of Q2 and Q7 are not the same, that is, Q2-is false (in-
dicating B] and B2 contain an odd number of true bits) and Q7 is true (indi-
cating B3 and By contain an even number of true bits) or if Q2 is true and Q7
is false, the collector of Q3 will be false indicating an odd number of true
bits in By, By, B3, and By. An odd number of true bits in these four flip-
flops will be indicated by:

(By B2 + By B2) (B3 By + B3 By) + (By Bp + By Bp) (B3 By + B3 By) +

The Q8 circuit compares the output of Q9 with B7. If the output of Q9 is
negative, Bs and Bg have an even number of true bits. If Q9 is at ground, Bg
and Bg have an odd number of true bits. The B7 output of the B; flip-flop is
true when there is no parity bit and false when there is a parity bit. The col-
lector of Q8 will be negative when Q9 and B7 are alike, and will be held to
ground when Q9 and B7 are not alike. The logic which indicates an even number
of true bits in Bs, Bg, and B~ is:

(Bs Bg + Bs Bg) By + (Bs Bg + Bs Bg) By
An odd number of true bits is determined by:
(Bs B¢ + Bs Bg) By + (Bs Bg + Bs Bg) By

A final comparison is made between Q3 and Q8 by the circuit at Q4. A true
output from Q4 indicates that Bj_.7 contain an even number of true bits or no
parity error. The collector of Q4 drives the base of Q5. Consequently the col-
lector of Q5 (E) is true when an odd number of true bits are detected, or false
when an even number of true bits are detected.

The false outputs of the B flip-flops are compared through a NOR gate to
determine if a delete code (B1.7 true) has been set into the B flip-flops. When
this occurs, Ql will not conduct: :

E =(B +Bx +Bz +Bg +Bs +Bg)
not delete code

kBl B2 * By By) (B3 By + B3 By) + (By By + By Bp) (B3 By + B3 B4ﬂ

By - B4 even

4-103



[(BS Be + Bs Be) B7 + (Bs Be + Bs Be) §7]+
Bg - B, odd
[(Bl Bp + B Bp) (B3 By + B3 By) + (B1 B + By Bz) (B3 Bg * B3 134)] ’

B - By odd

o]
8]

[(Bs Be + Bs Bg) By + (Bs Bg + Bs Be) B7]

Bs - B7 even

There is no parity check incorporated in off-line system control, and the
busses accommodate only the typewriters and the reader/punch. Characters to be
processed are stored in 7 tapehole flip-flops designated H; through Hy. All tape
preparation and editing modes are provided.

The input or read mode for operation off-line is indicated by the input
flip-flop (Ip). The input flip-flop is set by depressing the START READ switch
on the auxiliary control panel. When the Lx-.1 signal goes true, the off side
transistor of the Iy flip-flop is saturated, grounding the Ip signal and allow-
ing the Ip signal to go true.

The input mode flip-flop is reset by a stop code being detected, or during
single character mode (L) after each character is processed, providing the
CONDITIONAL STOP switch (Lg) is not depressed. The I, flip-flop is also reset
by pressing the STOP READ switch (Ly), or by the READER SELECT switch on the
auxiliary control panel being depressed.

In' =Ly + H¥ (H') (Lp + H] Hp H3 Hq Hs He) Ls + d Ly (leading)
dt

‘To initiate a read cycle the advance flip-flop (Ap) must be set. The advance
flip-flop is set by both the input DEVICE READY signal (Rg) and the output DEVICE
READY signal (R4) being true simultaneously (synchronization of input and output
devices) when the off-line system is in the "input" mode (Ip true):

Ap' = Rs Rg Ip = Kp Rsg
The advance flip-flop is reset by the differentiated H* signal.

' Ap' = 4 H* (trailing)
dt

To initiate an output cycle, the GO AHEAD signal (Gp) must be true (actually
the G, signal being false is employed). When the TAPE FEED switch on the auxil-
iary control panel is pressed or when the advance flip-flop is set true, the Gp
signal is generated:

Gp =Lt + d Ap (leading)
dt

When the input flip-flop is true, and the output device ready signal (Ry)
is true, the off-line OK TO TYPE (or PUNCH) signal Ky goes true:

Kp = In Ry
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The H flip-flops are set by the Hj_7* signals from an input device. At the
beginning of each cycle the true side transistors of the H flip-flops are satu-
rated by the H' signal, which sets the H flip-flops false:

He-7v = 1

The H' signal is generated by the leading edge of the H* signal or by the
TAPE FEED switch on the auxiliary control panel being pressed:

H' = d H* (leading) + L¢
dt

4.13 PUNCH OUTPUT--The punch control section of the RPC-4500 Tape-Typewriter
System controls the on-line and off-line operations of the paper tape punch.

The punch select flip-flop (Qp) indicates that the paper - tape punch is select-
ed as an on-line device. The punch may be selected on-line by depressing the
COMPUTER TO PUNCH switch which causes the signal Lg-1 to saturate the off side
transistor and hold it to ground. This in turn grounds the base of the on side
transistor and forces the Qp flip-flop to go true. The punch select code com-
bines the Bip, B4p, and Bsp signals through a gate which forces the collector of
transistor Q4 to ground when By or Bs is true or By is false, and isolates the

S signal from the Qp transistor. When the B signals are set to the punch select
code (S) holds Qp to ground forcing Qp true. oo

Qp'=SB1_B£_I_3_5+Lq

The punch select flip-flop is reset by a combination of the SELECT signal
(S) and the UNSELECT signal (U) which disengages all previously selected output
devices. The punch may also be reset by depressing the PUNCH SELECT switch (Lw)
on the auxiliary control panel which opens the X relay and causes signal X3p to
saturate the Qp transistor.

Qp' =S U+ d Ly (leading)
dt

In order to activate the punch clutch and indicate that a punching cycle
is in process, the output flip-flop (Op) must be true. Operating on-line, if
the PUNCH SELECT switch on the auxiliary control panel is not depressed, the
Gc signal is directed to the base of the transistor controlling Op. Op will
be set true by Gc being false, and Qp being false and Lw being true. Operating
off-line, the PUNCH SELECT switch is depressed, and the Gm signal is directed
to the base of the on side of the Op flip-flop. In order to set the output
flip-flop, either G; or Gm must be true, depending on the state of the PUNCH
SELECT switch.

Op'" = Qp Go Ly + Gy Ly + Ly
The output flip-flop is turned off by punch cam 4 indicating that the punch
is committed to cycle or is held off by the punch select flip-flop in the off
state (gp) and the punch operating on-line (Lw) -

Either of these conditions will saturate the true side transistor of the
output flip-flop and hold the Op signal to ground.

Op' = (Punch Cam 4) + Qp Lw
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The punch clutch (figure 4-65) operates when the output flip-flop is true,
punch cam 1 is true, and the punch tape trouble switches are false:

PUNCH CLUTCH CONTROL = Op (Punch Cam 1) (Punch Tape Trouble Switches)
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FIGURE 4-65 PUNCH CLUTCH

The punch will operate in the forward direction when the output flip-flop
is true, punch cam 1 is true, the punch tape trouble switches are false, and
the reverse tape feed mode is false.

FORWARD TAPE FEED = O, (Punch Cam 1) (P.T.T.S.) (R.T.F.M.)

The reverse tape feed mode is true only when the tape backspace relay (K1)
is energized. This mode can be entered only when the punch and typewriter are
both off-line.

A

REVERSE TAPE FEED = Tape Backspace Relay

The feed hole magnet is energized when punch cam 5 is true and the punch
is not in reverse tape feed mode.

FEED HOLE MAGNET = (Punch Cam 5) (Reverse Tape Feed Mode)

The paper tape punch magnets 1 through 7 are energized by either the power
outputs of the B flip-flops, Bl-7p when Ly is true or by the H flip-flops, Hi.7
when L, is true and when punch cam 2 is true (figure 4-66).

CHARACTER PUNCH MAGNETS 1 through 7 = k31_7) Ly +

(Hy-7) Lw] (Punch Cam 2)

The OUTPUT ENABLE signal (Zo) requires the READY synchronism signal (Z¢)
and an output DEVICE SELECTION (Rp) or a PRINT command with a selection (Pg).

Zo = Zy (Rz *+ Pp)
If during a print command, the computer generates a select signal (Po):

P, = P Qg
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it is combined with the negation of (B') and the computer produced Y, signal

to generate S (Y, indicates phase 4 of any print command):

S =P, (B') Yo +
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To initiate an output cycle by any on-line selected output device, a Ge
When input information is to be copied during an input
cycle (input duplication mode) Ge is formed by combining the leading edge of

signal is generated.

FIGURE 4-66 PUNCH MAGNETS

the differentiated A; signal with the copy flip-flop.

Ge =

dt

4 A, (leading)

C + .

An output cycle is initiated by the computer during phase 4 of a non-se-

lection print command by combining the computer print out signal (Yo) with a

false selection signal (Po).

Ge

All selected input and output devices may be disengaged on-line, by the

 UNSELECT signal (U).
in the true state.

U=BleB3B4Bs

= Yo Pg + .

The U signal is generated by the By through Bs flip-flops
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(U must be combined with S at output device control circuit to function
properly.)

The input duplication mode is dependent on the copy flip-flop (C) for
operation. The copy flip-flop may be turned on by pressing the JNPUT DUPLICA-
TION pushbutton, which releases the Lg-1 signal from ground and allows transis-
tor Q1 to become saturated grounding the C signal. The copy flip-flop may also
be set by a select signal under computer control: '

C' =S By By Bz By Bg Bg + Lg

The copy flip-flop is turned off by pressing the INPUT DUPLICATION RESET
pushbutton, releasing Lf_31, Or by computer control:

C' = S By By B3 By Bs. Bg * Lt

4.14 TYPEWRITER CONTROL--The typewriter control section of the RPC-4500 Tape-
Typewriter System controls all typewriter functions of input or output both on-
line and off-line. When an auxiliary typewriter is connected to the RPC-4500,
an identical control section (differing only in selection code) is added to
control the auxiliary typewriter. The typewriter functions as two devices,

an input device and an output device, just as the reader/punch unit is two de-
vices.

Operating on-line the typewriter is selected as an input device by setting
the typewriter input select flip-flop (Qi) (figure 4-67). This may be accom-
plished by depressing the TYPEWRITER TO COMPUTER switch on the L.H. control
panel or may be accomplished with the SELECT signal (S) true, signal B3 true,
and signals Bgy,, Bsp, and B6p false. When the TYPEWRITER TO COMPUTER switch is
depressed the off side transistor is saturated, grounding the Qi signal and
driving the Qj signal true. The Qi flip-flop may also be set by the Qi' signal
which combines the outputs of the By, Bs, Bg, and B3 flip-flops through a resis-
tor-transistor diode gate with the S signal in a manner similar to reader or
punch selection. When Bz is false or any of the B4, Bs, Bg flip-flops are true
they inhibit transmission of the S signal. Otherwise the S signal becomes Qj'
which saturates the off side transistor and sets the Qj flip-flop to the true
state.

Q;' =S B3 By Bg Bg * Ly

The typewriter select flip-flop is turmned off in a manner similar to the
reset of the reader select flip-flop Qi by the select signal and Bg and the ab-
sence of Qi' which sets the Qj flip-flop. The Qj flip-flop may also be reset
by depressing the TYPEWRITER SELECT switch on the L.H. control panel.

Q;' =S Bg (Q;') + 4 Ly (leading)
dt

The typewriter is selected as an output device while operating on-line by
turning on the typewriter output select flip-flop (Ro). To turn Qy on, the
Qo' signal is generated by gating the SELECT signal (S) with a combination of
Bops Bap» and Bs,. The Qo flip-flop may also be set by depressing the COMPUTER
TO TYPEWRITER switch on the L.H. control panel.

Qo' = S By B4y Bs * Lp
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FIGURE 4-67 TYPEWRITER INPUT SELECT CIRCUITS

In order to turn the Qy flip-flop off, the SELECT signal is combined with
the UNSELECT signal or the signal produced as the TYPEWRITER SELECT switch on
the L.H. control panel is being depressed. o

Q' =S U+ d Ly (leading)
dt

The typewriter may be operated off-line by depressing the TYPEWRITER SELECT
switch on the L.H. control panel which de-energizes both the Vi and Vi1 relays,
switching all typewriter control signals from on-line to off-line system control.

To drive the typewriter, as an output device, through a typing cycle, the
typewriter output flip-flop (O¢) must be set. This is accomplished by the on-
line GO AHEAD signal (Gc) when the TYPEWRITER SELECT switch on the L.H. control
panel is not depressed, and by G when TYPEWRITER SELECT switch is depressed.

The typewriter OK TO TYPE signal (K.) (figure 4-68), which indicates when

a selected typewriter will be recognized as an input device, is controlled by
the READY synchronism signal (Zy) and the input flip-flop (Ig).

Ke = Ic Zy
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The typewriter FUNCTION signal (F), which represents characters not ac-
cepted by the computer unless in single character mode, is true when Bg and Bg
are false.

F = Bs Be¢

—_—_——————_————— ——

L CARD 6

‘.
r J4T-n

PARITY MONITOR START READ (ON LINE)
INHIBIT

L RIGHT HAND CONTROL PANEL 1 L - CARD 5

FIGURE 4-68 OK TO TYPE SIGNAL

The F signal is ignored when the SINGLE CHARACTER MODE pushbutton is de-
pressed.

The Oy flip-flop is held off when the typewriter should not accept the
Ge or Gp signals. This is true if the typewriter is used as an input device,
or is not selected as an output device. The typewriter output flip-flop is
reset by the leading edge of the differentiated signal (Nge) indicating that
a key has typed:

O4' = d Nyg (leading) + Qo Ly + Ly Ly * Qi Ac Lu
dt

The typewriter circuit is so designed that each key is energized by a dis-
crete electronic code of seven bits. At the time the hammer is at the platen,
the sampling signal (Ngg) is generated whether the key was driven manually or
energized electromechanically. This completes diode logic encoding to read or
input the state of the seven bits describing a character. On-line input opera-
tion requires the B* signal; it is generated by the TYPEWRITER SELECT switch

4-110




(Ly) on the L.H. control panel not being depressed, the advance flip-flop (Ac)
being true, and the typewriter input select flip-flop (Qi) being true at sam-
pling time:

B¥ = Ly Ag Q) Nge
(B* is derived from a one-shot multivibrator set by this term.)
Bj_7%x = (Encoder bits 1, 2, 4, 8, F, A, P) B*

Off-line operation requires that the TYPEWRITER SELECT switch on the L.H.
control panel be depressed, the READER SELECT switch not be depressed, and the
off-line advance flip-flop be set at sampling time.

H* = (Ly Ly) Ap Nge

H1_7* = (Encoder bits: 1, 2, 4, 8, F, A, P) H*
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SECTiON 5

MAINTENANCE

5.1 GENERAL--The maintenance procedures used on the RPC-4010 Computer and RPC-
4500 Tape-Typewriter System follow standard electronic practice. Special in-
structions and equipment are necessary only for maintenance of the magnetic
drum. This special equipment is supplied with the computer, and maintenance
instructions are contained in section 5.4.

Maintenance of the Reader/Punch Unit (891-PC) is covered in the Control
Data release FA 002, and maintenance of the Typewriter (180-XE) in the Control
Data release FA 001. -

5.2 DISASSEMBLY-- Disassembly of the RPC-4010 Computer (figure 5-1), the RPC-
4430 Reader/Punch (figure 5-2), or the RPC-4480 Typewriter (figure 5-3) is re-
quired only when a failure has occurred in the unit. In order to carry out
normal maintenance routines, removal of the cover panels is the only disassembly
necessary. The units can be operated with their covers removed to aid in trouble

shooting. As far as possible, all circuits are contained on removable cards to
facilitate repair.

CONTROL PANEL

CIRCUIT CARDS

POWER CONTROL

POWER SUPPLY

MEMORY DRUM

LOGIC BOARD

FIGURE 5~1 RPC 4010 COMPUTER ASSEMBLY
(6 ILLUSTRATIONS)
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POSITION

UPPER ROW-RIGHT TO LEFT

CARD DRAWING NO.

1. X RECORD L 200 006 162

2. ]D  RECORD L 200 006 162

3. ]c RECORD L 200 006 162

4. |t RECORD L 200 006 162

5 JU  RECORD L 200 006162

6. | SPARE -_——— —

7. |coL. DR. 0+ L 200 006 165
8. |COL. DR. 23 L 200 006 165
9. JCOL. DR. 45 L 200 006 165

10.]COL. DR. 67 L 200 000 165

. JROW DR. 0:1-2-3 L 200 006 161

12. |[ROW DR. 4-5-6-7 L 200 O0O6 161

13. JROW DR. 8-9-10-1 L 200 006 16 |

14 JROW DR. 12-13-14-15 L 200006 16|

15. fMAIN MEM. READ L 200 OG9 985-1200 007324
16. |W FLIP- FLOP L 200 006 056 -

17. [Va FLIP FLOP L 200 006 163

18. |SPARE — ———

19. [HORIZONTAL L 200 006 241
20.{VERTICAL L 200 006 242

F ——

=4 CENTER ROW~-RIGHT TO LEFT

a2

4 CARD DRAWING NO.
21. |[POWER DISTRIBUTION L 200007 292

22 |FUP FLOP INDICATOR -

23.] SPARE _— e —

24 ] SPARE — ———

25.] SPARE -_— = ———

26| SPARE - -

27.|SPARE —— -
28.|S1-S2-S3 FLIP FLOP L 200006 242

29.|]C R X FUP FLOP L 200006 242

30.Ju* L L* FUP FLOP L 200006 242

3.|M N U Fup FLOP L 200006 242

32|18 K A FLP FLOP L 200006 242

33|F G H FuP FLOP L 200006 242
34.]P5-P6-P7 FLIP FLOP L 200006 242
35.§P2-P3-P4 FLIP FLOP L 200006 242
36.]Q4-Q5-P1 FLIP FLOP L 200006 242
37.]Q1-Q2-Q3 FLP FLOP L 200 006 242

38. JINVERTER L200 006164

39. JLOGIC -_——
40.JLoGIC -

é LOWER ROW-RIGHT TO LEFT

®

£ CARD DRAWING NO.
4] JCLOCK READ L. 20000998 3-L200 006160
42 |CLOCK GENERATOR L 200006166

43.]15-3 READ L. 200007 300

44.]S-2 READ L 200 007 300

45.]S-1 READ L 200007 300

46.]X  READ L 200007 300

47.10  READ L 200007 300 \, ALSO
48.]> READ L 200007 300 [ 200 009984
49.1.* READ L 200007 300

50JL READ L 200007 300

51. JU* READ L 200007 300

52.Ju READ L 200007 300
53.|SPARE - —
54.|SPARE -_———
55.|SPARE - —
56.|SPARE —_————
57.|SPARE -
58.JAMPLIFIER L 200006158
59.JLOGIC B —
60.JLOGIC - —
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5.3 SYSTEM SCHEMATICS--In order to understand the interaction of the various
units which make up the complete computer system and tape-typewriter system,
system schematics are provided in Appendix 3. These schematics and a brief

description of operation will assist in locating the source of troubles which
occur in the system.

When the source of the trouble has been located, the card schematics which

follow the system schematics may be used to repair or replace the components of
the card which have failed.

5.4 MAGNETIC DRUM--The memory of the RPC- 4010 Computer uses a magnetic drum
manufactured by The Bryant Computer Products Company. The drum is a delicate
precision instrument which requires that all maintenance and adjustment is car-
ried out by thoroughly trained, experience personnel. It is recommended that
maintenance and alignment of the memory section be confined to circuit adjust-
ment and modifications in order to reduce the chance of damaglng the drum.

Due to the extremely close tolerance between the drum surface and the
heads, temperature variations and dust are apt to cause damage to the drum
surface. The dust cover serves the dual purpose of protecting the drum from
dust and of maintaining equal temperature of the shroud and drum. The dust
cover should be removed only when necessary, and never for long periods of
time. After stopping the drum, a minimum of four hours must elapse before
the dust cover is removed. This allows the drum and the shroud to reach room
ambient temperature.

CAUTION

To operate the drum with the dust
cover removed, it must be removed
before starting, with the drum at
room ambient temperature and must
be replaced before stopping the
drum. ‘

Removing the dust cover while the drum is operating will allow the shroud
to cool suddenly, and by its contraction drive the heads into the drum surface.
If the drum is allowed to stop with the dust cover removed, the shroud will cool
more rapidly than the drum, again driving the heads into the drum surface.

All main memory heads (figure 5-4) should have a minimum signal at 120 KC
of 20 millivolts per half or 40 millivolts across the whole head. All circulating
heads and dual access heads should be adjusted axially so that both read and write
heads are on the same track, i.e., read heads should be adjusted so that 51gnals
are of at least minimum amplitude and undistorted.

In the event that main memory heads or adjusted circulating heads fail to
produce the minimum voltage, head replacement is necessary.

5.4.1 HEAD ADJUSTMENT AND REPLACEMENT PROCEDURE

The tolerances involved in the magnetic drum unit require careful fitting
of replacement heads. The fitting of heads (figure 5-5) must follow the proce-
dure given below.



CAUTION

The drum must be at room
ambient temperature when
replacing heads. All
equipment and components
must be free of grease
and chips.

Step 1--Remove inoperative head from its head mount. Make sure head
mount is tight. Press replacement head very lightly against drum surface and
tighten head set screw.

CAUTION

Do not exert excessive
pressure on drum surface.

Step 2--Remove head mount from shroud and install in head setting fix-
ture supplied with computer.

NOTE

The head setting fixture is
adaptable for either main

. memory or circulating line
head mounts.

Lock head mount in head setting fixture. Adjust height so that head
is in contact with the polished surface of head setting fixture. Hold fixture
up to light and view from two sides, at least 90° apart, to insure that the
head is exactly perpendicular to the polished surface.

Step 3--Loosen the head set screw and place a 1.3 mil (0.0013") shim
between the head face and the surface of the head setting fixture. Align the
heads in the head mounts, using the scribed marks on both components. This
insures that the poles of the head will be aligned with the memory track on
the drum. Tighten the head in the head mount.

Step 4--Remove head mounts from head setting fixture and install on drum
shroud. The resulting head-to-drum surface clearance will be 1.3 mils at room
ambient temperature. Rotate drum by hand, using a soft plastic-tipped rod

through an inspection port, and make sure heads clear drum surfaée throughout
rotation.

5.5 LOGIC BOARD--The diode logic which combines the signals in the RPC-4010
Computer is located on the logic board. In order to test and repair the gates
which perform the logical combinations, the signal which is sought is located
in the index pages (Table 5-1). The index gives the page of figure 5-6 which
contains a detail drawing and location reference for the gate providing the
specific signal.
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TABLE 5-1

LOCATION OF GATE OUTPUTS

SIGNAL LOCATION PAGE NO.
Flip-Flop Input Signals Al XX-51 5-42
A' XX-65 5-43
B! W-60 5-34
B' JJ-46 5-39
F! A-79 5-29
F! D-60 5-29
G' E-50 5-29
| G J-39 5-30
H' J-46 5-30
H' N-55 5-33
K! FF-59 5-39
K' NN-60 5-40
M! £-41 5-45
M k-62 5-45
N! X-64 5-35
N' w-73 5-35
P! D-3 5-28
Py D-13 5-28
Py! H-13 5-28
Py! M-10 5-30
Py w-14 5-32
Pj3' EE-12 5-37
P, JJ-3 5-38
Py NN-3 5-38
Ps' TT-7 5-41
Ps' XX-5 5-41
Pg' XX-17 5-41
 Pg! XX-23 5-41
P7' b-10 5-43
P! £-7 5-44
Q' N-21 5-32
o w-22 5-32
Q! AA-23 5-37
Q! BB-22 5-37
Q3" FF-21 5-39




TABLE 5-1 (Cont.)

SIGNAL ~ LOCATION PAGE NO.
Flip-Flop Input Signals Q3! JJ-25 5-39
(Cont.) ‘ Q' KK-21 5-40
Q4" NN-25 5-40
Qs' PP-21 5-41
Qs TT-25 5-41
R! T-64 5-35
R! W-70 5-35
(o)) y-80 5-48

L' TT-91 5-4® %
U AA-92 5-36
X! M-100 5-31
Main Memory Input Signals W' p-95 5-49
» v! y-91 5-49
Input-Output Signals Yo N-64 5-33
| Y, BB-68 5-35
Pg 1-27 5-47
Addition Alpha Signals Iy p-44 5-47
| | Iy u-44 5-47
S y-70 5-48
Miscellaneous Alpha e1 YY-61 5-44
Signals es p-58 5-49
e3 H-23 5-28
ey b-60 5-44
es UU-37 5-42
eq YY-37 5-44
ey s-27 5-32
eg TT-61 5-42
eg W-25 5-32
e10 k-13 5-46
e11 p-13 5-47
ey AA-33 5-37
e13 YY-39 5-44




TABLE 5-1 (Cont.)

SIGNAL LOCATION PAGE NO.
Phase Control Alpha 31 r-51 5-47
Signals £o c-54 5-45

fa c-51 5-45
4 FF-61 5-39
fs r-53 5-47
f6 TT-37 5-41
£ KK-35 5-40
fg N-23 5-32
fg b-68 5-44
f10 c-62 5-45
f11 X-61 5-35
f12 E-51 5-30
£13 s-91 5-34
f14 T-61 5-35
Command Alpha Signals ki BB-65 5-35
Ko J-18 5-30
kg S-34 5-33
Ky FF-14 5-37
K5 X-19 5-37
kg J-65 5-31
kg XX-9 5-41
Kg M-88 5-32
K10 N-58 5-33
K11 N-61 5-33
K12 KK-61 5-41
K13 J-54 5-31
Kig4 A-22 5-28
Kis E-25 5-28
K16 J-25 5-30
k17 f£-22 5-45
Kig YY-64 5-44
K19 S-74 5-33
k50 J-61 5-31
K21 J-58 5-31




TABLE 5-1 (Cont.)

SIGNAL LOCATION PAGE NO.
Command Alpha Signals koo FF-64 5-39
(Cont. ) K23 S-76 5-33

kog S-82 5-34
kyg N-88 5-34
kpg N-85 5-34
ko7 AA-17 5-37
kog k-4 5-46
koo c-64 5-45
k30 X-67 5-35
k3‘1 c-19 5-45
k32 H-21 5-28
kzg c-16 5-45
k34 D-61 5-30
K36 KK-64 5-41
k3g KK-37 5-40
k39 FF-18 5-37
K40 KK-67 5-41
t1 FF-69 5-40
to E-81 5-30
t3 N-71 5-33
tq E-83 5-30
ts r-81 5-49
te 1-21 5-47
tg N-20 5-32




FIGURE 5-6 RPC 4010 COMPUTER LOGIC CIRCUITS
(23 ILLUSTRATIONS)
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Al.1

APPENDIX I

RPC-4010 LOGIC EQUATIONS
DEFINITION OF TERMS '

Al.l.1 Some Explanations

The output of a logic gate which is the input to a circulating line,
a flip-flop, or an inverter is indicated by a prime ('). For example,
the input signal to flip-flop F is called F!'.

- The Phases are identified as follows:

Phase 1 FGH
Phase 2 FGH
Phase 3 FGH
Phase 4 F.GH
Phase 4 H

The logical equations beginning in Section Al.2 are written in the fol-
lowing format: The top line shows the long form of the equation, with a
minimum of alpha signals. The second line shows the form of the equation
actually used in the computer with all the alpha signals. The third line
contains explanatory notes to aid in the understanding of the equation.

Al.l.2  Timing Tracks

S1, Sp, S3

S1, s2, s3

Al.1.3 Input-Output Signals (Synchronism Signals Originating in Input-Output)

Zg Character Being Presented for Input

Z3 Character Nét:Béihg Presented for Input

Zp Output Devicé Ready for next character

Zg Start Compute |

Zg Output DéQices ;ndeelected Ipput Device ready

Al.1.4 Control Panel Signals

b2 — by Branch (SENSE) switches

by, Branch Control (BC) switch

bc : Execute Lower Accumulator.switch
by, , One Operation switch



bg Set Input switch or One Operation switch
b Start Compute switch

r v Set Input switch

Al.1.5 Flip-flops See Section Al.2, page Al-7

A Carry

B Branch Control

F Phase Control

G Phase Control

H Phase Control

K Sector Search

M Index Control; Halt Control
N . Lengthened Mode Control
P{— Py Track Selection; Character Holders
Q) — Qs Order Holders

R Repeat Mode Control

Al.1.6 Recirculating Lines (Registers) See Section Al.3, page Al-19

NOTE: c, 1, 1%, and u are identical to C, L, L*, and U except that
they occur 1 bit early.

C Command Register

c Early C

L Lower Accumulator (one word)

1 Early L

L* Lower Accumulator (eight words)
1% Early L*

U Upper Accumulator

u ' Early U

X Index Register

Al.1.7 Main Memory See Section Al.4, page Al-23

w - Time to Record

Al-6



V! Information to Record in Memory

v Information Being Read from Memory

Al.1l.8 Input-Output Signals (Synchronism Signals Originating in the Computer)
See Section Al.5, page Al-23

Y, One character ready for output -~
Y1 Start Input Device
Pg Interpret Output Character as selection code

Al.1.9 Alpha Signals

An Alpha signal is the output of a logic gate or of an inverter whlch
is used in logic gates.

I, Ip Signals to be added in the Add Logic - Section Al. 6,
page A )-2.¢/

S - Subtraction Control - Section Al.7, page f&/—?r

ej—. €13 A miscellaneous collection of signals - Section Al.8,
page Arl-A&

f1— fig4 Phase Control Signals - Section Al.9, page ﬂ"f '2~6
k] — kyg Command Signals - Section Al.10, page A [- wE

t]— tg Timing Signals - Section Al.11l, page A”'"Zi

Al.2 FLIP-FLOPS

A = I (IS +LS) [6(R + F) te * H Qy](ts + H Q3 Py)
eg ey (e *+ Kg Pl)
Carry for Adder Ph2 or Ph4 Not Reset MPY No reset
(CXE, CME, CMG)
or Ph4A Even WP

+HFGQ3Q te [(NL+NL¥)UVQs+ (NL+NL¥) U Y|
+ H f4 kag tg el Qs e13

Ph4 CME U V CME CMG U V
+HFGSy (S1 +83) Q023 (XC+XC)

H fy t Q2 Q3 (XC +XC)

Ph4 OP Adr CXE X c



+0Q1 2 Q3Q4QBMF G tz.+ F G H 1tgbg
K11 Q3 QM F G tz + f3 t6 bo
ph3 HLT 'ONE OP ph2
+(FG+H) @ Q Q3 Q4 'Qs
Ky
Ph4 and 4a INP

I, (I1s+I18) [6 (22 +E) te+H Ay
€6 €4

Carry for Adder Ph2 or Ph4
Not CXE, CME, CMG

+

te|F GH (Q) + Q3 + Q4 + Q5 + Qo) + H Q3 Q|+ H Py (Q3 + Q4) tg
te|fa H (k17 + Qo) + H Q3 Q]+ f12

Reset Ph4 or 4 Ph 4a Odd WP Last Bit

+

FGQ Q2 Q5 VU (NL + N L¥*)

+fy Q Q2 Qs e;
Pha CMG U v
+ GHbg + FGMQ) Q203240 + F G H tg bo
+ G Hbg + | k3g + Fp te bo
Phl or 3 INP Ph3 Not | Ph2
First Cycle
=FGte|(Q Q2 04)0 [85 (P1Zgq* P2by
f11 l(kn) Q3 [95 (PL2q P2b3

Ph4 SNS

+ Pz bz + Pg by + PS bs + Pg bg + P b7) + Qs A

+ Pz bz + Pg bg+ Ps bg + Pg bg + P7b7y) + Qs

1>

Switch Sensing CXE



F!

+Q1
+Q1

CME

+ Qs
+ QS

CMG

+ A

+ A

+
o)

+ G

Q2 Q3 24[A (N L + N L*¥ + UV+UY)
k3g Qa4 [é ( e12 * Uv+Uy)
CMG No sign mask Signs Same

Uy (ML o+ N o+ oo oosfaI (s +Is)

e13 ] + k3 '[é es

U Neg., V Pos. ADU, ADL, SBU, Overflow
SBL

eg + £ kzgg; Q3 (UP;, +UP)

I (I; s + 11-§)” * E G H Py t60Q4Q3 (UP; +U Py)
I

WP3 Ph4a DIV DVU Overflow

P7 K 95[“ Q3 94%[231’4*?334*?3?425 (HI;*Nk*)”

P; K Qs k3

SLT Overflow

=23 FGteA [0 Q 03 (Qq+ Q) K+ Q1 2 038 +bp

=2 f3 A [Ql k3g (Q4 + Q5) K + k3 93] + by

Last WP Ph3 TBC CME CMG CXE, SNS Reset Sw

=Et6[GE +GHP tg (Q3 + Q)
F t6 [G B + G f12 k34
Ph2 to Ph3 WP3 Ph4A Not INP

+
9]

Qs{ H Q3 Q4 te [Ps Py +P3 P4 + P3 Py P (NL + N E*)”
Qs k3

End SLC



"'EszleQ.SQAQSj"" bq
+ H 2 kg Q_:] +  bg
Phl to Ph3 Inp SET INP Sw
F' =Fte|6 (H + R +@ Q2 Q3 Q 85)
F tg [G (H + - eg )
End Ph4A End Ph4

+ K Z3

>

Q1 Q2 93 Q4 (@5 U + 05 B) |
+KZ; A Q1 @ kis (25U + 05 B)| \

Ph3 to Ph2 Suc T™MI TBC

G' = G tg (zy + H) K (AH+HF + HP; tg)

Gtg (2 +H) K (AH+HF+ f15 )

Phl to Ph2 Ph3 to Ph4 End Ph4A, Not INP

+

Qs H Q3 04 %6 [,P3£4 + P3 Py + P3 PgPs (NL + N}.*)]

+ Qg k3

End Ph4A SLC

+A F H [01205050s (N+tg) +01 92 2483

+A F H [kzo K16 + ki1 Q3
Ph3 to Ph4 INP SNS CXE

+0Q1 0304 % + 21 93 Q% 2

+ kijiz Q2 + kK14 92]

SRT SLT SLC LDX

Al-10



*FAQ (2o Q30 +* Q Q3 Q4 Q5 U
*FAQ (2o kg ¢ kis Q5 U
Ph3 to Ph4 PRD PRU Unsuc  TMI
+ Q1 Q3 Qq QsE,
+ kys QsEl
Unsuc TBC
=Gl (B + R+ @ 2 03 0 05) + E P
Gto[ﬂ (E + e3 ) + E P1]
Ph2 to Ph3 End Ph4

=FGHtg (R +

f14
End of Ph4

* Q1 Q2 Qs +

+ k20 +

Q1 Q2 Q3 Q4 Q5) (Q1 Q4 Q3 Q2

( k13 Q2

SLC SRT SLT

Q1 Q2 Q3 Q4)

kagp )

INP MPY DVU DIV

WP67 MPY DIV DVU

=Ht6[EGP1 * 83 Q¢ (N+tg)+ E§21‘K939495]

H tg [fs Py

+ kie + f1 P; K kpg

MPY DIV DVU INP wP2 SRT 0
SRT SLT SLC

95]

SLT O

=t [E+o+ @+ Q)+ (Zo+r@m v ) (m + 22+ 0s)]

te [E*G“f

Phl,2,4

kg *(Zo+ Q21 + Q) ( kg

Ph4A DIV DVU
SLC SLT SRT
MPY

+ Qs)]

Not PRD, PRU unless Z, Not INP

Al-11



o)
"
[
10

S [H (ESp+FSp) +HQuSp| (1€ + £ ©)
G S3 [E fe + Kyg §2] (s1

Phl NI  Ph3 OP Ph4A OP C ¥ S3

0

Q3 Qa[(Q5 + PL + F) (5 C * 5 C) S2 $3 * 05 Sz Ry

+ H
¢+ kg9 [@s*PL*F) (R5C+85C) s * Q552 B
Ph4A SRT SLT Not SLC SRT SLT OP Sector SLC, No
wP2 Search NI WP2

+ FGHS; S S3 X
+ f4§ to X

Ph4 Repeated NI frk

M! = F G tg (Zp RQ2)
f3 (2o Q2)

"Ph3 INP if 2

+GHS; S3 (M + Q) (Esz + F S3) F C Qo
+ ’ f7 F C Q2

Ph3 OP TRK Not O, SNS

sEGHSys3sp|be vV * [pe (L + N L9|+biog
+ £ ty e7 bg Q2 G
Ph2 Bit 31 Index Bit . Phl or 3, Not INP

M =FHte+FGH SzyszysafbcV *+ b (N L + N L9)] + bq
FHte+ 2 ty | e , ] * ®q
Phl or 2 Ph2 Bit 31 No Index Bit Set INP Sw

Al-12



Ph4 EXC

=N F G tg & Q2 Q3 Q4 Q5 Pz + by tg

N f11 k3o Py + by tg

Ph4 EXC Set INP Sw

=f7 C + H P tg (Q3 + Q)

f7 C + H 21 t6 k34

OP or NI Trk Ph4A Even WP Not INP

* Q1 Q2 Q3 Q4 Q5) (Q3 + Q4)

fl
Hh
~
10
+
L)
®
e
[
o
—
x

f; € f14 K3y

OP or NI Trk PH4 last WP LDC Not INP

+

H Py Q4 te
+ k3j

Ph4A Odd WP MPY, DVU, DIV

=f; P + ky P; U + k3 (N L + N L*)
f, P; + k, P) U + Kk e

OP or NI Trk PRU Ph3 Order INP Ph4 or 4A

* F G M ke Q5 Bg *+te (H Q3 + kg) (N L +NLx)

+ k39 Bg + ¢ k32 e11

Input Set SLT SLC MPT Ph4

Al-13



Al-14

+

+

+

+

f7 P + ky Pp U + k3 (N L + N L¥)
f7 Pp + ky P U + I e12
OP or NI Trk PRU Ph3 Order INP Ph4 or 4A
(H Q3 + k) [(NL +NL*) + tg
kagp - |0 eyp )+ tg
SLT SLC MPT Ph4
kyy Py *ky Pp UX o+ ka9 Bg .
OP or NI Trk or INP PRU Ph3 Input Set
H Q3 [t Py (N L +NL¥) + tg P; u + tg Py Py + tg Py U]
Kg [ta Py 11 +tg Py u+tg Py Py + 15 Py U]
SLT SLC WP2 WP3 to End
kg U %¢
ky U t
Ph4 MPT
ka7 P, + ky Pp U* + k4 (U + tg)
OP or NI Trk or INP PRU Ph3 MPT Ph4
H Q3 [te P @L*NE*)+£6Z1E+t61’1£2+361’19]
ks [t6 | e12 *lePru+tgP) PptisPy H] '
SLT SLC WP2 WP3 to End



+

+

+

(f7 + kl Py + k2
k2g

Trk INP PR

k39 B4+

Input Set

ky, Pb (N L
ki Py
INP 4-Bit

kog
Trk  INP
ky (Pp P3 + P
kg (B B3+ P

MPT Ph4

[£7 + 11+ x
e

Trk INP

Input Set

PRU Ph3

P; + tg H Q3)

P3+k2

P3 +k2

U Ph3 SLT

ky (By Pz + P

ky €10

MPT Ph4

+ N L¥*)

€11

Py +t¢ H Q3) Pg
P3
SLT SLC

1 P2+ tg) +ky P U

SLC

U

U

PRU Ph3,. 4-Bit

Py)

A7)

s

+

Py + tg) + kg P U +

PRU Ph3

+ k32

PRU Ph3 SLT SLC

ks tg
SLT SLC

ky P (NL + NL¥)

ki P e12
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U
-

( kg + ky) Py +

Trk INP PRU Ph3 MPT Ph4 SLT SLC MPT Ph4

= (f7 + k) +ky + kg) Py + (H Q3 + kg) %o

k3 te

Pe' = (f; + k; + k;) Pg+FGMkg Qs By +FGHtg QuRV

kg Ps + kzgg By * k33 v

Trk INP PRU Input Set _ DIV DVU MPY

Pe' = (f7 + k3 + kz) P5 + F G H t¢ 9 R V

kg Ps + k33 v

Trk INP PRU Last WP Ph4 DIV DVU MPY

Py! = (£, + kg + ky) Pg + F G M kg Qg By

kg Pg + kzg By

Trk INP PRU Input Set

+FGHte Qg RU + HPy tg Qy (Q3 U% + Q3 1)

+ k33 U +

kg

Last WP Ph4 DIV DVU MPY

P7' = (f7 + kl + kz) 26

kg Pe

Trk INP PRU

+ H P tg Qq (Q3 U*
+ k3; (Qz U*

Ph4A 0Odd WP MPY

Al-16

1 (Q3 U* + Q3 U)

Ph4A Odd WP MPY DIV DVU

0]
o2

o+
o
o
'
1=
1c

k33 u



=FGHS) S5 Sa[Ec V. + b (N L + N L*)]

fg ey

Ph2 Order Mem or L on Ex L sw

=FGHS, 83 Sa[Ec vV + b (NL + N &*)] * bq
' fg [bc V + be e12 ] + by
Ph2 Order Mem or L on Ex L Sw Set

Mode

=EGHS; S3 s3 01 + bg

fg Q * bg

Ph2 Order Set Input Mode

Ph2 Order

Ph2 Order

q
f8 Q + bq
Ph2 Order Set Input Mode

Al-17



Qu =F G H S; S3 s3 Q3

fg Q3
Ph2 Order
Q' =F G H S; S3 s3 Q3 * by
fg ' Q3 * bq
Ph2 Order , Set Input Mode
Qs' =F GHS; S3 s3 Q4
fg Q4
Ph2 Orderx
Qs' =F GHS; -S3 8304+ Dbg
fg Q4 + by
Ph2 Order Set Input Mode
R! =F Gtg Q) Q2 Q30 89
f11 Kos
Ph4 LDC
R =FGSy; (S +83) K +bg
£, ty K + by

Ph4 OP Adr Last WP

Al-18



Al.3

REGISTERS

C!

=FGH (81 +
(81 + S3+ ty) +
Adder Not Order v’

Loine ‘

€2
s lez

Ph2

10

+ H Q3 Q4 S» 83 (CK + K)

+ kg ts (CK + C K)

SLT SLC SRT
OP Sector

shift Count

+C (83 + Sy + 83+ bg) [*.!

+C(S1 *+ S3 + 83+ bg) [H

Not OP Trk if bq

= (NL + N L¥) (Er +G+A)

13 (by +G +A)

Clears L on Set Input
if Blocked State

Sz * tq) [Ec

V o+ b (NL +NL¥)|s; s5 s3]

ey tsl

[ " n "
Mem or L on Ex L Sw Order

€ 2

S W

3

*

e

(F+G) +H (Rq + S3 + Sp)]
(F +G) + H (4 + 83 + 5]

Phl, 3, 4 MPY DIV INP SRT SLT SLC

DVU Not OP Sector

HIE + G+ Q) Q Q4 + Q Q1 Q3 Q4

H [f13 +

Phl, 2, 3 SNS HLT SRT SLT

kijp + Q2 ks

SAU CXE SLC
MST

+(Qp *+ Q) Q5+ 0 Q Q503 P +09; Q Q5 Q4 Py

+ K9 Q5 + k12 Q3 P1 + kiz Q4 P7
RAU EXT CLU MPT < 64 EXC, Not U—L
ADU SBU

* 2 Q3 L 239 0+ Q9 Q2 939]

+ kag + kKjo + Q9 Q Q3 H]

CMG TMI TBC PRU PRD . MML

LDC LDX CME STU STL
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+FGHVO,[2 030 (1 + U) + Q1 R 95+ Q1 % 9]

+ kap [9.2 Q3 Q5 eg + kpo ¢ k21]

Ph4 RAL MML MPY DIV DVU

+k; N U + Kk N (M L* + M P;) + (§+P1)HQ4(§L+NL*)
+k;y N U + k3 N (ML*¥ +MPy) + (G+P1) Kyg €11

INP Non Length INP Lengthen Ph4A Not WP66 MPY DIV DVU
+FGQs (8Q) Q Q3Q4P7U +HQ3Q4 S S3C)
+ f4 QS ( k6 P7 U + k29 ts C)

EXC Ph4 SLC Term OP Sector

+ G e2[21 H Q4 + F Q Q305 (91+P194)]

*G ey B kijg + F Q Q3 Q5 (1 *+ P1 Q)
Adder MPY DIV Ph4 ADL SBL MPT 2> 64
DVU Ph4A

+ H Q3 Q4 [(05+P7)§ (F + P1) P2

+ kag [kza fio Py

SLT SLC

+ (@5 +F) (E P1 +G) (NL +NL¥) + 05 By(F + P1)G (1 tg *u te)]

(s + E)  f9 e;717 * kg f1o (1 te *u to)]

WP2 and Term SRT

Ul =UH[E + G+ @ 2 Q4 * Q % 2
UH [ f13 k11 - ks
Ph 1,2,3 SNS HLT SRT SLT

SAU CXE SLC MST
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+ (1 + Q)

+ Kig

RAL COL CLL -

ADL SBL

+Q Q3

k3g

CMG TMI 1TBC
LDC LDX CME

+FGHVQEQ Q05 (9 + U) + Ig

Qs + Q3 Q5 P + Q4 Q5 Py Pg
Qs + Q3 Qs P1 + Q4 Qs Py Pg

MPT 2 64 EXC, Not L—=U
Not X—U

+ Q1 Q3 Q¢ * Q1 Q3 Qs (t¢ *+ R)|

+ k10 + Q1 Q3 Qs (t¢ + R)]
PRU  PRD MPY
STU STL

(ML + M Py)

1=

* kza Q2 Q38 eg + ki N (ML +MPy)

RAU EXT

+k1 N U +
+k1 N U +

INP Lengthen
Ph4 or 4A

INP Non-Lengthen
Ph4 or 4A

F G @ Q Q3 Q4 Q5 (PgNL +NL* + Py X)

Ph4 EXC L—U X — U

+ e F G (Q1 Q2 Q3 Q5 + 21 Q2 Q5 Q3 Q4 P1)

k36 Qs + ki2 Q3 Q4 P1)

Adder Ph4 ADU SBU MPT < 64

+ ey HQy (Pp +1tg +Q3 +FG) +FGH Q) Q3 Q5 Q3 QL

+ ey kig (P +tg + Q3 +f5 )+ f4H ki Q3 Q4L

Adder Ph4A MPY

+H Q30 {U

+ kpe U

DIV, DVU Ph4 DIV

(FEPy +G) (Rs + P7) + P3 G (F + Pp) (Qs + P7)

o | kg +P3 fo k23

Ph4A SLC SLT WP2 and Term. SLC SLT WP3 on
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95 B[ (E+te) + u F o]

+ kg0 [U (E+t6) + u F 36”

SRT wpP2 . Not WP2
X =X ‘ (Ql + 92 + Q3 + Q4 + 9.5 + 25 + R) [Sl 83 53 +
Ph4, Not EXC (U —= X) Order

+S3 8y 83 +S383 (Q] +Q2+Q3+Qq+B+R)
t4 +8283 (Q1 + Q2+ Q3 +Qq +B +R)

Bit 31 NI Sector Not CME, CMG Unless B when repeated

$(Q + Q2+ 03+ 0+ Q) Sz (S1+83)] +H+E+G |

+ kog + Qsg) t1 ] +H+ f13 l

Not LDX OP Adr Phl,2,3,4A

+FG [(Q+ R+ Q5+ 8+ Q)81 5253
+ £, l( kog4 +Qs5) %2

Ph4 Not LDC ‘ NI Trk

[® + K) X + RKX| (@ +Q +Q3+0Q+ 08 +Ps5+R)
- [’ » B xrRKX| kg

Recirc if R Count X down if R Not EXC (U—-—X)

+Q 2 Q3R Q PsUR + 01022030451 S283BR
k30 PsUR + ke S1 S2 83 B R

EXC (U—X) CME CMG NI Sector, repeated
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+ Q1 Q3 Q4 Qs Q> S (S *+ S3) € +

+ LS P Q2 t1 C+H k25
LDX OP Adr LDC NI Trk
Al.4 MAIN MEMORY
w "’E[FG(Z% +R)+F§t6Ké”Ql Q2 Q3
[fa 56 *R+13 X |[oy 9 g
Early Phase 4 STU STL
' - CLU CLL
* 9 Q2 Q3 Q4 [9532 (51 + s3) + Qs u”
+ Q1 kgg [9522(51*53)*951*”
SAU Early OP Adr MST
V! =Qsu + Q5 (NL1+N 1%)
=Qsu + Q5 (N1+N1¥)
STU CLU STL CLL MST
SAU
Al.5 INPUT-OUTPUT SIGNALS
Yo = F G O Q3 Q4 22
4 kio. Q2
Ph4 PRU PRD
Y =(F G + H) Q) Q03 Q495 M
ky M
Ph4 or 4A INP ‘First Cycle

tz

HQ) Q> Q3 Q4 Q5 S Sz S3 Vl

V]

Al-23



Po = P Qs
P1 8Os

Selection Code

Al.6 ALPHA SIGNALS - ADDITION LOGIC

-
-

"
I

3

EMXS, (S; +83)+

Phé é;;:;:/) mod OP A;ir Om.ég |

A2

+ H U** (F + G Q3 + P Q)

+ H U* (F + G Qg + P G)

Ph4A MPY, DVU DIV MPY DIV, DVU, MPY
WP 4-65 WP 66,67 WP3

+EF|91 (21P3+P1P2)P0+Q1[95-U+Qs(§L+NL*)]l
+EF|91 ( e10) Po +Q1[95U+Qs e11 ] l
Ph4 MPT ‘ ADU SBU ADL SBL

+HF Q3 (G P PgU* + Pjpu* + P; PgU¥)

+
e
I

Q3 (G Py PgU* +Pp u* + Py PgU¥)

DVU DIV WP 67 wP2, 66 WP 67

I} =H Elbe V + bo NL+NL9| + H F (@ Ps+@ V)
H F e; -  + HF (1 P5+0Q V)
Ph2 Not EXL =~ EXL Ph4 MPT ADU ADL

SBU SBL

+HP Pg (E G Q3 + F G Q3 + F Q3 Py)

Ph4A MPY WP3 DIV, DVU ODD WP 5-65
Odd WP MPY

Al-24



H Pp (NL+NL*) (GP, + G Q3 + F Q5 Py)

H Py e11 (§P; + G Q3 + F Q3 Py)

Ph4A Even WP WP2, MPY Even WP 4-64 WP 2,66
DVU DIV DVU DIV

WP 66,67

Al.7 ALPHA SIGNALS - SUBTRACTION CONTROL
S =HF O Q + H[E G @3 +EG P
HF Q Q4 + H [fl Q3 + £5 Pg
Ph3 or 4 SBU SBL MPY WP2, 3 MPY DIV DVU
+ (F+G) Q3 (Ps P7 + Pe Pr)
+ (F+G) Q3 (Ps P7 + Be P7)]
DVU DIV WP2-65
Al.8 ALPHA SIGNALS - MISCELLANEOUS
ey = UV (NL + N L*)
uv e11
e =AI; Ip+AI; Ip +AI] Ipop+ATI; Ip
Adder
es =R+ Q) Q2 Q3 Q Qs
R + kog
Not repeat or LDC
ey =G (Q2 +F) tg + HQy
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es =I3 (I3 8$+1IS)

& =I> (I S+1I,S)

e, =b, V+b, (NL + N L¥)
by V + bg e11

Not Ex L Ex L

eg = +U
€9 =b. V+bs (NL + NL¥)
be V + be €12
Not Ex L Ex L
€ejo =P P3 + P Py
el =HL+NL*

Non-lengthen Lengthen

2 =N L + N L

Non-lengthen Lengthen

€13 =UX(§L+NL*)

uyv €11

Al.9 ALPHA SIGNALS - PHASE CONTROL

f =FG

Ph 1 or 4A
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n
I
o
Iz

H
vl
Iz

Ph3 Last Bit

n
m
©

Ph2 or 4A

E S + F s

Phl NI Adr Ph3 OP Adr

n
[}
Iz
[

1S3 e
Ph 1,3, Track Time

i
Im

G H Sl 33 53
f5 t3
Ph2 Order Time

=EPL+G

=G (F + Pp)

FGt6

Ph4 Last Bit or Ph4A

SHS; S3 (ES; + F

S2) (M + Q)
(M +95)

First Cycle Only, if INP
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H Py tg (R3 *+ Q)
H Pp tg (kz4)

Ph4A 0dd WP, Last Bit Not INP

Fh
-
[\

I

Phl, 2, 3 or 4A

f14 =FGtg H (K5 +R)

11 H ej

End Phase 4

Al1.10 ALPHA SIGNALS - COMMAND

Ky =(F G + H) Q Q2 Q3 2 89
(f4 + H) k6 Qs
Ph4 or Ph4A INP
ky =FGS) S30Q Q5 Q 08384
FGS) S3Q Q5 k10
Ph3 order PRU
ks = H Q3 Q4 S sp [Ps By * P3 Py + P3 Py Ps
ks Q4 ¢ [Ps B4 * Es P4 * P3 Py Bs
Ph4 SLT, .S SLC Overflow or End Shift

kg = F G Q1 Q Q5 Q3 Q4
= f4 k12 Q3 Q4
Ph4 MPT
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H Q3

Ph4 MPY SRT SLT SLC
Q1 QL Q3 Q4

INP EXC

Phl and 3 Track Time

S H 5 S3 (E s + F 83) (M

+

Q)

(F G + H) Q1 Q Q3 924 95**“951 S3 Q2 Q5 Q1 Q3 Q4

Qp + Q» + Q3 +
ko + kgy
Not EXC (U —X)

Q1 Q3 Q4

PRD PRU STU STL

MPT

Q Q4

CXE SAU MST

Qo Qs

DIV SLC MPT

Q3. Q4

MST SRT SLT SLC

Q3 Q4 Qg

LDX

Q4

+

+

Qs

Qs

Ph3
+ 25 + R

Unless repeat

ka

order

PRU
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kjs = Q1 Q3 R4

TMI TBC SBU SBL

kijg = (N + Sz sp s1) Q3
(N + tg ) Qs
ki = Q + Q3 *+ Q4 + Q5

Not SNS, HLT, INP

kjg = H Q4

Ph4 MPY DIV DVU

kKig = Q1 + Q2

koo = &1 Q2 &

kp; = Q1 Q0 Q3 Q4
DVU DIV

kzp = F G H Q4 V
f4 H Q4 \Y

k3 = Q5 + Py
Koy = & + Q + Q3 +
Not (LDC LDX)

Al1-30
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Q3 Q4

Q) Kkag
LDC

Q Q3 Q4

kzg = Q4

Qs

Q4 85

SAU MST CME CMG

G H S; 83

(E Sy

f

7

Phl, 3 Track Time

(F G + H)

Ph4 or 4a

Q4

ks Q4

" SRT SLT SLC

*F s3) (M

First cycle only, if INP

Q3 Q4 Qs

+ F S3) (M +

Q Q3 Q4 s

2 Q3 QU

+ Q)

Q)
+ H Q3 Sp sp
+ kg 16

Ph4 MPY SRT

SLT SLC
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kzp = 1 % Q3 2 s
ke Qg

EXC

kz; = H P tg Q4
H Pl 't6 Q4

Ph4 Even WP MPY DVU DIV

kzgp = F G Q) Q Q3 Q4 Q5 + H Q3
k4 ‘ + ks
Ph4  MPT Ph4 MPY SRT
SLT SLC
11 H R Q4
Ph4 Last WP
kgy = Q3 + Q
kgg = Q) Q Q4
ADU ADL SBU SBL
kzgg = Q> Qg3
kzgg = F G M Q) Q Q3 24 85
F G M ke s
Ph3 Not lst cycle INP
kgo = Q5 Py
SRT
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Al.11 ALPHA SIGNALS - TIMING

t1 = S> (8 + 83)
Operand Address
t2 = 81 Sz 83

Next Instruction Track

t3 = Sl 53 83

Order Time

t¢ = S3 s s3

Bit 31

ts = S» 83

OP Sector

te = S2 s

Sign time

tg = S2 s2 s
= te $1

Sign time of word 7
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SECTION

A2.1

A2.2
A2.3

A2.4

TABLE
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APPENDIX 2

RPC 4500 SYSTEM - FUNCTIONS AND LOGIC EQUATIONS

Systenm Control Functions
Also see section A2.5
Switch Functions
Punch and Reader Control Functions

Also see section A2.6

‘Typewriter Control Functions

Also see section“A2.7

TABLES
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APPENDIX 2

RPC-4500 SYSTEM—FUNCTIONS AND LOGIC EQUATIONS

A2.1 SYSTEM CONTROL FUNCTIONS - Sect. A2.5, page A2-8

Subscript '"'¢" refers to Computer-controlled (on-line) operation.
Subscript '"m'" refers to Manual-controlled (off-line) operation.

Input Flip-Flops
Advance Flip-Flops

Copy Flip-Flop
Bit FF's - (on-line)

Tape hole FF's (off-line)

Bit information (on-line)
Hole information (off-1line)

Parity Error signal

Metered input signal

"Go-ahead'" signals

Select signal

Unselect signal

0.K. to type signal

Input enable
Output enablé
Input Begin

Start Compute

"Input'" or ''read'" mode.
Initiate a read cycle.

"Input-duplication" mode
(on-1line only).

Store the character to be
processed.

Reset B or H FF's.

Information received from
an input device.

Information received from
an input device.

Indicates the presence of
an odd number of bits forming
a character.

Provides the start (Zs)
during the "Single-char-
acter" input mode (on-
line).

Initiate an output cycle.

Device selection or mode
selection (on-1line).

Disengages all previously
selected output or input and
output devices ("Master-re-
set' on-line).

Indicates when a selected
typewriter will be under-
stood (as input device).

Synchronizing Signals to
the computer (on-1line)
only.
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Zy

Zq

"Ready" Synchronism

Non-Readiness Quexy

Yi, Yo, Po, P20---P70

Typewriter function

A2.2 SWITCH FUNCTIONS

ON-LINE

Lb

OFF-LINE

Lg

A2-6

Single Character ModeASelect switch
Parity Error Reset switch

Parity Monitor Inhibit switch

Reset Aux. Units ("Uﬁselect") switch

Input Duplication ('"Copy'") Mode
Reset switch

Input Duplication ("Copy') Mode
Select switch

Start Read (Select Input Mode) switch

Stop Read (Reset Input Mode) switch

Start Compute (Start Compute, Stop
Input) switch

Typewriter to Computer
Reader -to Computer

Computer to Typewriter

~ Computer to Punch

Auxiliary Typewriter to Computer

Computer to Auxiliary Typewriter

Conditional Stop (ignore stop code)
switch

Signals from the computer
(on-1line).

Represents characters not
accepted by computer when
Lb is not depressed.

TYPE

Latching (L)

Non-Latching (N-L)



L¢ Tape Feed switch . N-L

Ly Start Read (Select Read Mode) switch N-L
Ly Stop Read (Reset Read Mode) switch N-L
L, Single Character Mode Select switch L
Ly Reader Select L
Lw Punch Select L
Ly Typewriter Select L

A2.3 PUNCH & READER CONTROL FUNCTIONS - Sect. A2.6, page A2-10

Qr Reader Select FF Indicate that a device is active
On-Line.
Qp Punch Select FF
Op - Output FF Activates punch clutch and indicates
that a punching cycle is incomplete.
Ln Reader Select Sw. Enables a device for On-Line operation.
Lq Punch Select Sw.
Ly Reader Manual Indicate and enable a device for Off-Line
Operation Sw. operation (switches activate relays W & X)
Lw Punch Manual
Operation Sw.
Tl_ﬁ_g Tape Holes 1, Holes in tape at reader brushes.
through ¥

A2.4 TYPEWRITER CONTROL FUNCTIONS - Sect. A2.7, page A2-11

Q3 Typewriter-input Select FF Indicate that the typewriter is active
On-Line.
Qo Typewriter-output Select FF

Lm Typewriter-input Select Sw. _ Enables typewriter for On-Line opera-
tion. '

Lo Typewriter-output Select Sw.

Lu Typewriter Manual Operation Sw. Indicates and enables the typewriter
for Off-Line operation.

Ot Typewriter-output FF ' , Initiates and indicates execution of
typing cycle.

N4¢ Key to Platen '"sampling" Indicates that a character is being
signal presented by the typewriter (input).
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A2.5 SYSTEM CONTROL FUNCTIONS—LOGIC EQUATIONS

A2.5.1 ON~-LINE FUNCTIONS

IC' = Yi + Lh
I = Zg+S +Zplp + Ly
Ac' = I. Z2q (= Ic Zr R3)
Ac! = d B¥ (trailing edge)
dt
el = S By By B3 B4 Bs Bg + Lg
¢! = S By By B3 Bgq Bs Bg *+ Lt
By' = B1* + Y5 P70 * Le + Lc
Bp! = Bp* + Yo Peo * Le * Lc
B3' = B3¥ + Yo Psgg + Lg * L¢
By' = Bg* + Y5 Pyo + Le *+ L¢
BS' = Bg* * ¥, P30 + Le * Lc
Bg' = Bg* * ¥, Pyo
B! = By* + Yy (B') E + Lg + L
By' --- Bs' = B
Be' = B' +Le + L¢
B7' = B!
B! = d Y, (leading) + d B* (leading)
dt dt :

E = (By +Bp + B3 + By + Bs + Bg)
Not Delete Code
l[(Bl By + By By) (Bz By + Bz By)
+ (By Bz + By By) (B3 By * B3 34)]
Bj_4 Even
[(Bs Be + Bs Bg) B7 + (Bs Be + Bs Bg) 57] +
Bs_; 0dd

kBl Bz + By By) (B3 By + B3 By)
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+ (Bp Bp + By Bz) (Bz By + B3 54)]

By_4 Odd

kBs Be + Bs Bg) B7 + (Bs Bg + Bs Bg) B7]|

Bs_7 Even

M = d B* (trailing) (750 ms delay)

dt
Zs = (Lg +E) [Eb By B> B3 B4 Bs B (B') B* + Lp M] + Lj
Zy = Rj Lp (E + Lg)
z, =
Z; =
Zp = B3 + B4 + Bs + Bg) E]
. _ ,
Ge = [d Ac (leading)] C + Yo Po

dt
Ke = Zr I
S = Po (B') Yo + Le
U = Bj By B3 By Bs
Zq = Z, R3

A2.5.2 OFF-LINE FUNCTIONS

oL g f¢%4§ﬁg'§2§%&Q”

In' = Ly +H* (H') (L, + H) Hp Ha Hq Hs He) Ls + d Ly (leading)
- dt '
Ap' = Rsg Kp
Ap' = d H* (trailing)
dt
(Heq)' = Hyp_g*

o pln 12 P

Gp = d "Ap (leading) + Lt

Kn = In R4



w\ ﬁa
u%"! 4.,9

Rg = Ly (Nge Ly + Rep Re4 Ly)

A2.6 PUNCH AND READER CONTROL LOGIC -

A2.6.1 PUNCH LOGIC Pe M.gy}é\) P /fl CM Toge Fee d ’“‘?"4%)

Q' = S1 By ByBs +Lg Py /.St @/ﬂf‘f’ @P(ZMA‘*{>J(§M FMW)(Wv'%{ C )
! = + w eain P /5' “P/-S) (% ms%?
9 SU+ 4 (Lw) leading LF:’[EZ‘ d"/# Y P *L_,,_.,_._

Op' = (@p Gc Lu + Gn Lw + Ly + Bua 1) Jo fe2 Py /s‘z Po/¢2' (r:* ¢ ””5&”‘2”&5
= Nttt o1 P (o) S S

PUNCH CLUTCH = Op (Punch Cam 1) - (Punch ’l‘ape-'l‘rouble Switches)

FORWARD TAPE FEED = ,W—%w

Péé,(Reverse Tape-Feed Mode)

REVERSE TAPE FEED = (Reverse Tape-Feed Mode} Pﬁ /g'

FEED- (INDEX) HOLE MAGNET =

CHARACTER PUNCH MAGNETS; _. g = ,_631_. 3 (Lw) +H g (Lw))
Ry = M(_)p Lw + Qp Lw
R4 = «<{(EITITSEEssy Op Ly + Ly

R = Q 4t .
2 P %(‘ 7"‘¢ p‘g{:’?

A2.6.2 READER LOGIC (B‘:m Lx C/”“‘ #Lg)
S B3 By Bs Be + Ly CRe/el @é/éN‘ Tape Feod) (J«@mm%’\}

Qy' =

' = S Be (') + dit (Ly) leading o R cﬁ/&H‘ Rz)/g‘, (}_M\ﬁ%?}* &/ﬁH"’ QWW:/‘@
B* = Readou—sem=y O, A, L, ‘ Mwé’m :

H* = fResdEs—eam—+y A L

Bl—eg* = Ti—g (B¥) OQ/GH Tape Foed] (ﬁw&w 63’}

H—eg* = Ty (HX) Lﬁ &Mf &*(@%“7§+L* Fhnus gy,
TAPE FEEDS = Ag Qp Lot Aprdoy E’L_Qg + H‘*Ll/ '

READER CLUTCH, = Qr Reg + Ly Im

R3 = w:..f,-....,‘jf.‘..,._m..,; (Reader Tape-Trouble Sw:.tches)'&f\é“ﬂqg- O ’ﬁwm

i)
Rsg = W}Reader Tape-Trouble Switches) MLV @Xéf{f ,,ﬁw B



A2.7 TYPEWRITER LOGIC

Qo' = S By By Bs + Lp
Qo' = SU‘+ 51 (Ly) leading
dt
O¢' = Qo Gc Lu *Gp Ly
oy = d (Nge) leading + Qo Ly + Ly Ly *+ Qi Ac Ly
dt
Translator Enable = O
Translator Bit Drive = Bje—wg (Ly) * Hl—g (Ly)
RL = OtLu*Qlu
Ry = Ot Ly * Ly
Rp = Qo Ly
Qi = S B3 B4 B5 Bg * Iy
Q' = SBg (Q1') + 4 (Ly) 1leading
- dt
B* = Lu Ac Qi Nge
H* = Ly Lv Am Nge

B}—7* = (Encoder bits: 1, 2, 4, 8, F, A, P) B¥
Hj—+,* = (Encoder bits ) H¥

R3 = Lu Qi N46

Rg = Lu Ly Nge

0.K. TO TYPE LIGHT = Ly Qi K3 + Lu.EV Kn
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TABLE A2-1

- LOCATION OF SIGNALS WITHIN RPC-4430

SIGNAL CARD (OR CONNECTORS) CARD(S) (OR CONNECTORS)

OF ORIGIN USED ON

Ac Advance FF 6

Ac (On-Line) 6

Anm Advance FF 12 25, 46

Am (Off-Line) 12

Ap Power Output of A. 6 17, 25, 27, 31, 32, 42, 46

By Bit; FF (On-Line) 1 3, 4,69

Bi 1 3, 4

Bip Power Output of By 1 8, 11, 14, 29, 42

B1* Input to B 21, 26, 31, 42 1, 27

By Bity FF (On-Line) 1 3, 4@

B2 1 3, 4

sz Power Output of By 1 8, 11, 14, 29, 42

Bo* Input to By 21, 26, 31, 42 1, 27

B3 Bit3 FF (On-Line) 1 3, 4,

B3 1 3, 4

B3p Power Output of B3 1 8, 11, 14, 29, 42

B3* Input to Bg 21, 26, 31, 42 1, 27

B4 Bit4 FF (On-Line) 1 3, 4;

B4 1 3, 4

Bap Power Output of By 1 8, 11, 14, 29, 42

Bg* Input to By 21, 26, 31, 42 1, 27

Bs ' Bits FF (On-Line) 2 3, 4,

B 2 3, 4

Bsp Power Output of Bjs 2 8,

Bs* Input to Bs 21, 26, 31, 42 2,

B Bity FF (On-Line) -3,

Be 3,

Bep Power Output of Bg 2 8, 11, 14, 29, 42

Bg* Input to By 21, 26, 31, 42 2, 27

B; Bit, FF (On-Line)

B7 3

Byp Power Output of By 11, 42

By* Input to By 21, 26, 31, 42 2

B* Input Sampling signal 21, 26, 31, 42 6, 27

(On-Line)

B* 6 4, 5

B' B FF reset 5 1, 2, 4

C Copy FF 4 6

c 4 6
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TABLE A2-1

LOCATION OF SIGNALS WITHIN RPC-4430 (Cont.) .

SIGNAL

CARD (OR CONNECTORS)
OF ORIGIN

CARD(S) (OR CONNECTORS)
USED ON

Parity Error

Typewriter Function
Character

Qutput Go-ahead (On-Line)

(Off-Line)
Bit; FF (Off-Line)

Hi Input
Bit, FF (Off-Line)

Hy Input
Bit3 FF (Off-Line)

H3 Input
Bit4 FF (Off-Line)

Hg Input
Bits FF (Off-Line)

Hs Input
Bitg FF (Off-Line)

Hg Input
Bit; FF (Off-Line)

H7 Input

Input Sampling Signal
(Off-Line)

H FF reset

Input FF

(On-Line)

Input FF

(Off-Line)

OK to type (On-Line)
OK to type (Off-Line)
Next Character

Next Character

12
13
13
21, 26
13
13
21, 26
13
13
21, 26
13
13
21, 26
13
13
21, 26
13

13
21, 26
12
12
21, 26
21, 26

12
12

12
12

12

5
22, 25, 27, 32, 42
22, 25, 27, 46

9, 15

9, 15

9, 15

9, 15

9, 15

9, 15

13

12
12

12
12, 13

12, 21
25, 31, 42
25
47
47
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TABLE A2-1

LOCATION OF SIGNALS WITHIN RPC-4430: (Cont.)

SIGNAL : - : " |carp (OR CONNECTORS) CARD(S) (OR CONNECTORS)
OF ORIGIN - USED ON

L3 Next Character 7 47
Lg Next Character 7 47 .
Ls Next Character 7 47
Lg Next Character 7 47
Ly Next Character 7 47
Lg Error Lamp 11 46
Lg Reader Tape Trouble 8 46
Lio Punch Tape Trouble 9 46
Lp-3 Single 47 5
Lb-4 Character 3 47
Lp-5 Input Mode L 47 ‘ 5
Lp-7 Switch 4 47
Lp-8 Signals 5 47
Lc-13 Parity Monitor Reset 3 47
Lg4-3 Parity Monitor Inhibit 3 6, 47
Lg-¢6 Switch Signals 3 5, 47
Le-1 Master Reset - |47 1, 2
Le-g Switch Signals 5 47
Lf-1 Input Duplicator Reset SW 4 47
Lf-13 Input Duplicator Reset Lamp |6 . 47
Lg-1 Input Duplicator Set Switch |4 47
Lg-13 Input Duplicator Set Lamp 6 47
Lh-1 Start Read Sw. Signal 47
Li-1 Stop Read Sw. Signal 47 S
Lj—l Start compute Sw. Signal 47 ) 5
Lm-1 TW to comp. Switch Signal |46 14
Lp-13 TW to comp. Lamp E 17 46
Lo-1 Aux TW to comp. SW Signal 46 29
Lo-13 Aux TW to comp. Lamp 32 46
Lp-1 Comp. to TW Sw. Signal 46 17
Lp_13 Comp. to TW Lamp 17 46
Lg-1 Comp. to Punch Sw. Signal |46 11
Lq_13 Comp. to Punch Lamp 11 46
Ly Comp. to Aux. TW Sw. Signal |46 : 32
Lr-13 Comp. to Aux. TW Lamp 32 46
Ls-2 Conditional Stop Sw. Signal |12 46
Ls-3 Conditional Stop Sw. Signal |46 : 12
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TABLE A2-1

LOCATION OF SIGNALS WITHIN RPC-4430 (Cont.)

SIGNAL

CARD (OR CONNECTORS)
OF ORIGIN

CARD(S) (OR CONNECTORS)
USED ON

Lt
Ly-3
Ly-4
Ly-3
Ly-4
Ly-8
Lw-1
Lx-1

N11
Ni2
Ni3

Ni4
Nis
N16
N17
Nig

Tape Feed Sw. Signal

TW Select Sw. Signal

TW Select Sw. Signal

TW Output Enable

Reader Select Sw. Signal
Reader Select Sw. Signal
Punch Select Sw. Signal

Start Read (Off-Line) Sw.
Signal

Stop Read (Off-Line) Sw.
Signal

Single-Char. Mode 1 Shot
Signal

Misc. Lamp Voltages

Off-Line Start Signal
Punch fwd. Tape-feed Sol.
Signal to Aux TW from Bjp
Index Punch Sol.

Reverse Tape-feed Sol.
Tape-Backspace Relay Sol
Prime TW Soft KP Echo
Reader Cam 1

Reader B*, H* l-shot

TO Reader cam 1

TO Reader cam 1

Reader cam 3

Reader Primary and Second-
ary Tape-feed Solenoid

Reader Clutch Solenoid
TO Reader cam 2

Reader Tape Trouble
TO Punch cam 4

Punch Clutch Solenoid

46
46
46
46
46
46
46
46

46

49
49
49
49
49
49

13
49
30
49

49
49
44
50

50
50

50
50
50

12
17

25, 26
17, 25
21

8

22

12

12
47

43, 44, 46, 50
a6

47

47

46

43, 44, 50

46
50
29
50

50
14
17

50
50

50

50

49, 50
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TABLE A2-1

LOCATION OF SIGNALS WITHIN RPC-4430 (Cont.)

SIGNAL E CARD (OR CONNECTORS) CARD(S) (OR CONNECTORS)
OF ORIGIN USED ON

Nig Punch Tape Trouble 50 9

Nao EQ_?unch cam 1 9 50
Nyp Punch cam 1 50 9

N22 . Punch cam 2 50 10
No3 ~ Punch Solenoid 1 10 50
No4 Punch Solenoid 2 10 50
N2s Punch Solenoid 3 10 50
Nag Punch Solenoid 4 10 50
N27 Punch Solenoid 5 10 50
N2g Punch Solenoid 6 10 50
Njog Punch Solenoid 7 10 50
N3p Punch cam 3. : 50 10
N3 To Selection Monitor 21, 22, 25, 28 11

Resistor and Lamp
N3 For Tape-Backspace 22 ' 25
Primary Typewriter Signals
N33 Translator ''1'" Drive 15 44
N34 Translator "2" Drive 15 44
N3s5 Translator '"4'" Drive 15 ' 44
N3¢ Translator "8'" Drive 15 44
N37 Translator "F" Drive 15 ' 44
N38 Translator "A'" Drive 15 44
N39 Encoder Output "1" 16 44
Nao Encoder Output 2" 16 . 44
Ng1 Encoder OQutput '"4" 16 44
N5 Encoder Output "8" |+ 16 44
Ny3 Encoder Output "F" 16 44
Na4g Encoder Output "A" 16 . 44
Ngs Encoder Output "P" 16 44
N4e Key at Platen (KP) 44 16
Ng7 0.K. to Type Lamp 16 44
Auxiliary Typewriter Signals

N4sg Signal from Byp 30 29
Ngg ~ Signal from B3p 30 29
Nspo Signal from Byp 30 29
N5y Signal from Bsp 30 29
Ns> Signal from Bgp ’ 30 29
Ns53 Translator "1" Drive 30 43
Nsg4 Translator "2" Drive 30 43
Ns5 Translator "4" Drive ~ 30 ’ 43
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LOCATION OF SIGNALS WITHIN RPC-4430 (Cont.)

TABLE A2-1

SIGNAL CARD (OR CONNECTORS) CARD(S) (OR CONNECTORS)
OF ORIGIN USED ON
Ns¢ Translator "8" Drive 30 43
N57 Translator "F' Drive 30 43
Nsg Translator "A" Drive 30 43
Ns9o Encoder Output "1" 31 43
Neo Encoder Output '"2" 31 43
Neg1 Encoder Output "4" 31 43
Ng2 Encoder Output "8" 31 43
Ng3 Encoder Output "F' 31 43
Ng4 Encoder Output "A" 31 43
Ng5 Encoder Output "P" 31 43
Nge Key at Platen (KP) 43 31
Ng 0.K. to type Lamp 31 43
Ng8 B*, H* 1-Shot 31
N69 "Soft'" KP Echo 43 32
N7g Prime TW B*, H* 1-Shot 16
0p Punch Output FF 50
%
O¢ Typewriter Output FF 17 44
Ot 17
Ox Aux TW OQutput FF 32 43
Ox 32
Computer Print Signals
Py Non-Selection Printout 45 i 3:,7“67’;
Pag Py 45 2
P30 P3 45 2
P40 Py 45 1
P50 Ps 45 1
Pgo Pg 45 1
P7o Py 45 1
Qi Typewriter input 14 17, 25
Qi Select FF 14 16
Q Typewriter Output 17
Q Select FF 17 25
Qo' 14 17
Q Punch Select FF 11
QW 11 22
Qr Reader Select FF 21
Qr 21
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TABLE A2-1

LOCATION OF SIGNALS WITHIN RPC-4430 (Cont.)

SIGNAL . . ;1 CARD (OR CONNECTORS) CARD(S) (OR CONNECTORS)
OF ORIGIN USED ON
Qy ~ Aux. TW Input 29 31, 32
Qy Select FF 29 i 31
Q, Aux. TW Output 32
Qz Select FF 32 32
Q' 29 32
Ry Output Device non-ready 32 6, 22, 25, 27, 42
I (On-Line) 42 6
Ry ?Jgpu? Degic? Sejlec}ic}n 42 ; 5, 22, 25, 32 -
I Ready (On-Line) 42 5
R3 Input Device Ready 42 6, 21, 25, 31
r3 42 6
R4 Output Device non-ready 22, 25 12, 28
(Off-Line) :
Rs Input Device Ready (Off- 21, 25 12, 28, 46
Line) v
S Select 5 | 4, 8, 11, 14, 17, 29,
32, 42
T Tape Holes ' 50 7
T, Tape Holes 50 7
T3 Tape Holes 50 7
T4 Tape Holes 50 7
Ts Tape Holes 50 7
T Tape Holes 50 7
T, Tape Holes o oso 7
U Unselect 4 ' 11, 17, 32, 42
Typewriter On-Off Line Relay V1.
Vip B* or H* 16 26
Vap B1* or Hp* 16 26
V3p Bo* or Hp* 16 26
Vap B3* or H3* 16 26
Vs5p ' B4* or Hg* 16 26
Véb Bs* or Hg* 16 26
V7b Bg* or Hg* , 16 26
Vgb B7* or H7* "~ 16 26
Voa Signal from Hj 15 ' 26
Vob Signal to Transliator 1" 26 15
Drivers
Voc Signal from Bjp 14 26
Vioa From Hp . 15 26
Viob To Translator '2" Drivers| 26 . . . 15
Vi0c From By, 14 26
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TABLE A2-1

LOCATION OF SIGNALS WITHIN RPC-4430 (Cont.)

SIGNAL CARD (OR CONNECTORS) CARD(S) (OR CONNECTORS)
OF ORIGIN USED ON
Viia From Hjz 15 26
Viipb To Translator '4" Drivers |26 15
Viie From B3p 14 26
Vi2a From Hy 15 26
Vi2p To Translator "8" Drivers |26 15
Vize From B4p 14 26
Vi3a From Hg 15 26
Vi13b To Translator "F'" Drivers |26 15
Vi3e From Bsp 15 26
Vida From Hg 15 26
Viap To Translator "A" Drivers 26 15
Viac From Bgp 14 26
Typewriter On-Off Line Relay Vyp

Viy For Selection Monitor Light|17 25
Vay Ry or Rq 17 25
Vay Ry or Ry 17 25
Vay Resets Ot FF with Q4 25 17

(On-Line)
Vsy Ge or Gp 25 17
Vex Reset for Qi and Qg 25 14, 17
Vez Ground Signal for gating 25 16

R3 and N7g
V7y R3 or Rs 25 .16
Vay Ap or Ay - 25 16
Voy K or Ky 25 16
VlOy Qj or L,_3 (inhibits Type- (25 16

out during Type-input)
Vily For Tape-Backspace 14 9, 25

Reader Relays (On-Off Line)

Wo-a Pull Negative Resistor 7 21
Wao-pb Qi oz; Négative 21 8
W3_p R3 or Rg 21 - 50
W4p Qr or Ip 21 8
W5-b Selection Monitor Light 8 21
We-b .By* or Hy* 21 7
W7_p By* or Hy* 21 7
Wg_p B3z* or Hgz* 21 7
Wo_b By4* or Hg* 21 7
W10-b Bs* or Hs* 21 7
Wi1-b Bg* or Hg* 21 7
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TABLE A2-1

LOCATION OF SIGNALS WITHIN RPC-4430 (Cont.)

SIGNAL CARD (OR CONNECTORS) CARD(S) (OR CONNECTORS)
OF ORIGIN USED ON
Wisb B7* or Hp* 21
Wi3-p B* or H* 21
Wi4-p Qi reset 21 8, 12
“Punch On-Off Line Relays
X1-p .For Selection Monitor 11 22
X5 For Tape-Backspace 22 44
X3-p For Qp reset 22 11
X4-2 Signal From H,. 9 22
X4-p To Solenoid "1" Driver 22 10
X4-¢ Signal From Bjp 11 22
Xs_g From H, 9 22
X5-b To Solenoid "2" Driver 22 10
X5.¢ From B, 11 22
X6-2a From H3z 9 22
X6-b To Solenoid '3" Driver 22 10
Xg-c From B3, 11 22
X7.a From Hy 9 22
X7_p To Solenoid 4" Driver 22 10
X7_¢ From B4p 11 22
Xg-a From Hj 9 22
X3.b To Solenoid "5'" Driver 22 10
Xg_¢ From B 11 22
X9-a From Hg 9 22
X9-p To Solenoid "6'" Driver 22 10
X9-¢ From Bgp 11 22
X10-2a From Hy 9 22
Xlo-b To Solenoid "7' Driver 22 10
X10-¢ From By, d1 22
X11-b Gc or Gn 22
X12-b Op reset (from Qp) 22
X13-b Ry or R4 22 10
X14-p R; or Rp ' 11 22
Signals From Computer
Yi Non (Start Input) 45 5
Yo Start Output 2 1, 2, 6
Yo , 45 2, 5
Signals To Computer
Zy Begin Input 5, 47
Z; Input Enable 6, 47 ,
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LOCATION OF SIGNALS WITHIN RPC-4430 (Cont.)

TABLE A2-1

SIGNAL CARD (OR CONNECTORS) .| CARD(S) (OR CONNECTORS)
OF ORIGIN USED ON
Z, Output Enable 5 @
Zq Non-Readiness Query 6 a
Zy Ready Synchronism 6 47
Z; 6 s
Zs Start Signal 5
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APPENDIX 3

RPC-4000 SYSTEM SCHEMATICS

PART I - CENTRAL COMPUTER

DRAWING NO.

O 0 N 60 1 x W b

pod
o

Power Control

Clock Signals

Timing Tracks

Digital Display

Circulating Lines

Head Matrix Selection

Inverter Card

Q1, Q2, Q3, Q4, Q5 Flip-Flops

Py, Po, P3,»P4; Ps, Pg, P7 Flip-Flops
M, N, B, K, A, F, G, H Signals

PART II - INPUT-OUTPUT (ON-LINE)

11
12
13
14
15

16
17
18
19
20
21

Parity Check and Code Delete

Setting B Flip-Flops .,

B' and B¥* Signalg

Zhy Zis Zo, Zs,f%r’ Zi/ Zq - Signals to Computer
Single Character Mode!

S - Selection Signal

R1, Rz, Rz - Input-Output Device Ready
U - Unselect Signal (Master Reset)

G; - Go Ahead Signal

Tape Feed Character Recognition

Stop Code - Start Signal

PART III - INPUT-OUTPUT (OFF-LINE)

22
23
24
25
26
27
28

Reader Select

Punch Select

Typewriter Select - Punch Select
Typewriter/Punch Select

Typewriter Key-To-Encoder Flow Diagram
Typewriter Translator Card

Off-Line Reader Select, Punch—Typewriter Select
Flow Diagram

PART IV - SIMPLIFIED SYSTEM- SCHEMATICS - RPC-4500

29
30

4010 Signals
S = Py (B') Yo + Le

PAGE

A3-7

A3-9

A3-11
A3-13
A3-15
A3-17
A3-19
A3-20
A3-21
A3-23

A3-27
A3-29
A3-31
A3-33
A3-35
A3-37
A3-39
A3-41
A3-43
A3-45
A3-47

A3-51
A3-53
A3-55
A3-57
A3-59
A3-61
A3-63

A3-67
A3-68
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PART IV (Cont.)
DRAWING NO.
31

32

33

34

35
36
37
38
39
40
41

42

43

44

45
46
47
48
49
50
51

52

A3-4

QI"

B3 B4 B5 Bo *+ Ln

Reader Select Timing Waveforms
Yo (Logic Bd.), Yo (Amp Card), Yo (4430), B', S, B1-2,

Bg-6, Qr
Reader Clutch = Qy Re-3
Ac' = I¢ 2Zq Zq = Zr R3
R3 = Qr Ly (R.T.T.S.) (Re-2 Re-4)
Reader Tape Feed = Ac Qr Lv + .
Bj_7* = Ti.7 (B¥)
Zr = R1Ln (E + Lq4) Ry = (PU-3) Op Lw (Ot Lu)
Zp = B* (B') [Lb (B1 + B2 + B3 + Bg + B5 + Bg) E]
Z2s = (Lq +E) [Eb B1 B2 B3 B4 Bs Be (B') B* + Lp M] + Lj
Qp' = S Bl Bq Bs + Lq
Op' = Q@ GcLw+ . . . Ge = Yo Po
Punch Forward = Op (PU-1) (P.T.T.S.) (R.T.F.M.)
Punch Clutch = Op (PU-1) (P.T.T.S.)
Punch Magnets = Pch Cam 2 (Bj_7 L, + H1_7 L)
Index Magnet = (R.T.F.M.) Pch Cam 5
Ry = (PU-3 Op Ly + Qp Ly) (Ot Eﬁ + Qo Ly)
R2 = QpLw=QoLu
Rg = (PU-3 Op Ly + Ly) (Ot Ly + Lu)
Zo = Zr (R2 + Po)
Op' = PU-4 + Qp LW
Qi' = S B3 B4 B5 B6 * Lm
Ke = Zr Ic
OK to Type = Equi Ke + Lu Lv Kn
~ B* =" Nyg Ly Qi Ac By.7* = (Encoder Bits 1-7) B¥
Qo = S B2 B4 Bs +1Lp

Translator Bit Drive = Bj-6 Lu + Hl-6 Lu

PAGE
A3-69

A3-70

A3-71

A3-72

A3-73
A3-74
A3-75
A3-76
A3-77
A3-78
A3-79

A3-80

A3-81

A3-82

' A3-83

A3-84

A3-85

A3-86

A3-87

A3-88

A3-89
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PART IV (Cont.)

DRAWING NO. | PAGE
53 0! = Ge Ly Ge = Yo Po A3-91
04 = _d_(N-46) LEADING
at
54 Kn = Im Rg Rg = (PU-3 Op Ly + Ly)(Ot Ly + Lu) A3-92
55 Ap' = Kp Rs | A3-93
56 Rz = (Re-2 Re-4) Qr Ly (R.T.T.S.) + Ly Qi N-46 A3-94
R5 = (Re-2 Re-4) Ly (R.T.T.S.) + Lu Lv N-46
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APPENDIX 5 RPC-4500 - TYPEWRITER AND READER/PUNCH SCHEMATICS

PREFACE~--Preceding each of the RPC-4430 schematic drawings (Card numbers 1
through 17) on the following pages is a Connector Chart that indicates the
interconnecting wiring throughout the system. Each chart contains the fol-
lowing data:

1. Connector pin numbers in top to bottom order.

2. Signal identification for each pin.

3. Connector symbol and pin designation for all interconnecting circuit
points.

4. System symbol for interconnecting points.

Following the schematic drawings for cards 1 through 17 is a group of
schematics for the relay boards in the 4430. Each of these schematics is pre-
ceded by a Relay Location Chart in addition to a Connector Chart. These con-
nector charts show: )

1. Contact number: these correspond to contact numbers on the relay
board schematic.
2. Contact state:
NO= normally open = on-line
NC= normally closed = off-line
OS= operating strap
3. The switch point: shows connector pin designation of associated
points, i.e., NO or NC is followed by its OS, and an OS is followed
by both its NO and NC contacts.

Finally, following the schematic for Relay Board V] is a Connector Chart
for junction strips J27 and J28 and some miscellaneous signals having many tie
points. This Buss Circuit Connector Chart shows the signals in order by sym-
bol.

The table on the following page shows the abbreviations for system or unit
nomenclature.

A5-5



RPC-4430 CARD IDENTIFICATION CHART

CONNECTOR _

NUMBER SYMBOL SYSTEM OR UNIT NAME

J1 - Je " NSC ON-LINE SYSTEM CONTROL
J7 - J8 RC READER CONTROL

Jo - Ji1 PC PUNCH CONTROL

Ji2 - J13 FSC OFF-LINE SYSTEM CONTROL
Ji4 - J17 TWC T/W CONTROL

J2i WR W RELAY CARD - READER
J22 XP X*RELAY CARD - PUNCH
J25 Vo TW V5 RELAY CARD - T/W
J26 vy T V1 RELAY CARD - TMW
J27 - J28 JUNC JUNCTION CARD

J29 - J32 ATM C AUXILIARY T/W CONTROL
Ja2 ND NEXT DEVICE

Ja3z ATM U AUXILIARY T/W UNIT

J44 T/ U T/W UNIT

J4s COMP COMPUTER (4010)

Jae ACP L.H. CONTROL PANEL

J47 PCP R.H. CONTROL PANEL

P49 PCU POWER CONTROL UNIT

P50 - RPU READER/PUNCH UNIT

A5-6




J1 (NSC) CARD 1 ON-LINE SYSTEM CONTROL

LOGIC
PIN| TERM | TIE POINTS
A | -24c | POWER
T'M
B | By ( J45-F JCOMP | J3-c | NSC | J4-U | NSC
L m—-
c
D | By ([TJ45-E"pCOMP | J3-e | NSC | J4-v NSC
E | P70 ¢ J45-Topcomp
F | Yo J2-M |NSC |[J6-T | NSC
H | B3  §-J45-D DCOMP | J3-E | NSC | J4-e | NSC
J | Pso C;»ﬁiSﬂ—E '} COMP
K | Pgo %&g@ COMP
L | Bg* | J27-V | JUNC | J27-U| JUNC| J21-f2| WR |J26-U2 | V{TMW | J31-L | AT/WC | J42-D | ND
M | Bp* | J27-S | JUNC | J27-T| JUNC| J21-fi| WR |J26-Y2 | ViTM | J31-H | AT/WC | J42-C | ND
N | By* | J27-P | JUNC | J27-R| JUNC| J21-M2 | WR |J26-22 | V{TAW | J31-J | ATAMC | J42-B | ND
P | GND '
R
S comp
T JUNC | J27-X| JUNC| J21-Al| WR |[J26-V2 | V{TM |J31-E | ATMWC | J42-F | ND
U
v Ycomp | J3-c | NSC | J4-S | NSC
W NSC |[J4-Y | NSC
X NSC | J4-W | NSC
Y NSC |J4-X | NSC
Z NSC J4-Z | NSC
a PCP |J2-L | NSC
b f|[Np |J8-D | RC | J11-Z | PC |JL4-N |TMC |J29-N | AT/WC
c j IND  |J8-F | RC [ J11-Y | PC |J14-T |TMC |J29-T | ATMC
d ND [J8-H | RC | J11-U | PC |J14-U |[TAMWC |J29-U | AT/WC
e {ND | 38-3 | RC | J11-X | PC |J14-M |TMWC |J29-M | ATMC
£ NSC [J4-d4 | NSC | J5-b | NsC
h
J
k | +24c | POWER
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T ONIMVIA

6-SV

2 ALL DIODES TO BE CTP 790 PER L53I1000SRS,

2 ALL TRANSISTORS To BE ZN/IS0, PER LSS2000521 OR.
EQUIV, PER ES. LSS20005R).

1. ALL RESISTORS I/Z2W 5% CARBON UNLESS OTHERWISE
STATED. '

NOTES.

X/

SRr2!

m":’{” '

247K

GND,

R0 Re
y ASL
You,
4 Loz,
S, > 47008 S -
Q’e "@55 R“ :’ 2K

CRe
2 ¥
SoK 2400~ r"'
" RS d
4
St YR8 §
o~
—J
1 1 3

LIST OF MATERIAL

SCHE MATIC
QYSTEM C(ONTROL

CON LINE) <ap »)

- - LZ00004030




J2  (NSC) CARD 2 ON-LINE SYSTEM CONTROL

N < X &= < a3 nn ® w Z 32 0 R ¢gaom@n o Qo >

i)

[g]

[ 2 S R o )

= o

o

Lel

GND

B<
Fa

w
W
£,

+24c

J27-¢
J27-a

J27-Y

1 J45-V.)
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/"J45-B)

J3-X
J1-f
J42-s
J42-r
J3-a
J42-p

POWER

NSC

[COMP

COMP

" Tscomp

NSC
'NSC

JUNC
JUNC
JUNC
D comp
NSC
COMP
NSC
NSC
ND

ND

NSC
ND

J3-K

1J47-k

J6-T

J27-d
J27-b
J27-2
J5-a
J4-b
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J4-d
J11-V
J8-Y

J8-K

LOGIC
PIN| TERM | TIE POINTS ,
-24c | POWER
By

‘I NSC
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NSC

JUNC
JUNC
JUNC
NSC
NSC
NSC
NSC
NSC
PC
RC

RC

J4j
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J11-W

NSC

WR

WR

WR

NSC

NSC

J26-k1
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1 J26-W1

J14-L
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ViT/M
V1T
V1T

TMC

T/MWC

J3l-a
J31-C
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J3 (NSC) CARD 3 ON-LINE SYSTEM CONTROL

LOGIC
PIN | TERM |TIE POINTS

A | -24c |powEr

B

c |84 J1-v |NsC | Ja-s [ Nsc {Tas comp
0 :

E |B3 |J1-m [nsc | J4-e NSC< J45-D | COMP
F

H | By J2-E | NSC

J | Bs J2-Y |Nsc | Ja-n | Nsc [F45-B ) COMP
XK | Bg J2-H |Nsc | Ja-j | nsc {y#s-ad| comp
L

M

N

P |oND

R

s

T | Lp-4 J47-X PCP

U | Lco13 | J47-H | PCP

v | Be J2-x |NSC | J4-b | nsc

W | Lg_g |J47-a|PcP | 35-c | NsC

x | Bs J2-Z |NSC | J4-a | nsc

Y | Lq_3 |J47-c | PCP | Je6-W | Nsc

z | B4 Ji-z [NsC | J4-z | Nsc

a |E J2-d | NsC

b | B3 Jiw [Nsc | Ja-y | Nsc |

¢ |By |31-B |Nsc | ga-u | nsc |faSTE

d | B J1-X [NSC | J4-w Nsc"w ‘

e | By J1-D |NSC | J4-v | NSC ('”41J45¥E“> COMP
£ |B Ji1-Y [Nsc | Ja-x { nsc

h

J

k | +24c | POWER
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J4 (NSC) CARD 4 ON-LINE SYSTEM CONTROL

LOGIC

PIN| TERM | TIE POINTS

A | -24c | POWER

B|cC Jé-d |NSC

clc Jé-¢ |NSC

. _

E | Lg-1 | J47-5 |pCP

F

H | Lgy | J47-h |PCP

J

k | Bx | Js-f [Nsc [Je-U |NSC

L

MM J47-K |PCP

N

P GND

R

S | By J3-Cc |Nsc  |J1-v | Nsc J45-C ) comp

T |S ja2-v [N [s5-a |[Nnsc Jasw | Re  f1i-r [ ec J14-W | TMC | J17-d | TMC
J32-d | AT/WC|J29-W | AT/WC

U |B1 |J3-c |nsc |o1-B | nsc ([Tas-h | comp

v | B, J3-e |Nsc |J1-p | nscJJa coMp

w|By |[9J3-a |Nsc [|J1-x |Nsc

x | By J3-f |NsC |J1-Y | NsC

Y | B J3-b [Nsc |J1-w | NsC

Z Bg J3-2 NSC J1-Z | 'NSC

a | Bs J3-x [NSC |J2-z | Nsc

b | Be J3-v |NsC ' |J2-x | NsC

c|u Jaz-w [ND  |J11-m| pc |J17-5 | ToWC| J32-3 | ATANC

d | B J2-a |NSC |J5-b NSC

e | B3 | J3-E |Nsc |Ji-H comp

£ | Lpy | J47-w | PCP T

h|Bs |J3-3 [Nsc |J2-v Lias-89 cowr

j|Be |93k |Nsc |g2-H | NsC @ CcoMP

k | +24c | POWER v
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J5 (NSC) CARD 5 ON-LINE SYSTEM CONTROL '
LOGIC

PIN | TERM | TIE POINTS

‘A | -24c | POWER

B

C |Lg-¢ | J3-w [Nsc |sa7-a | pcP

D | Ry J27-C | JUNC |327-D | Junc li22-11 | xp | 325-E1 | vt | 932-v |ATAMC J42—b@

E|z: |Je-x [nsc ’ “

F |2z Qtﬁg;}:@ “CoMP

H [P, {Ja5-v)comp |36-s |[Nsc

J | 1. J6-Z |NsC

K | Lh-1 J47-p | PCP

L |1,

M|y Claswle

N

P | GND

R

S | Lp-g | J47-b | pCP

T |Lj-1 J47-e | PCP

U | Lp-3 | J47-Y | ECP ,

v |G J27-E | JUNC |J27-F | JUNC |322-32 | xp | J25-P1 | voT W | 332-D | AT WC J42-§@

w |G J6-D | Nsc

X |Lecq |.J47-m | pcP

Y |zg J45_ks41 COMP

z |Li_y | J47-E | pcP

a | Yo g2-w | nsc (345 come

b | B J4-d |NsC |g2-a |Nsc |o1-f | NscC

c |z 51| comp | |347-z | pcP

als J42V(ND) [s4-T [nsc [8-w |RC |J11-R | BC J14-W | TMC | J17-4 | TANC

J32-d | ATAC|J29-W | AT WC

e |Lp-s | J47-a|rcp

£ | B J4-k [Nsc |Je-u | Nsc

h |12 J42—c@

; B

k | +24c | POWER
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J6 (NSC) CARD 6 ON-LINE SYSTEM CONTROL

LOGIC ’
TERM | TIE POINTS

o
-
Z

-24c | POWER

A
B
c
p | G J5-W |Nsc
E | B* J42-A(@ J27-M | JUNC |J27-N | JUNC | J21-Y1 WR J26-b2|V TV | J31-c [ATMC
Flzg <gas g browr lya7.f | e
H | Ac LJ'!;" ‘t?:}
J
kK | Ry J27-e |JUNC [J27-f | JUNC [327-n | Junc | J22-M2 [xP J22-v1|xP J25-E2 |VoT/W
J25-J1| V2T 332K | ATMC |Ja2-y (D) '
Zy J47-n |BCP
Ke J42-T [ND  |J31-X | ATWC |J25-W2 vz'r;j .
Ap J27-H [JUNC |[J27-J | JUNC |J25-W | VT J31-Y |ATMWC | J46-k |ACP | J32-B [aTmc
J17-B |THC |3a2-5 (RDD
P | oNpD -
R ~
s | po J5-H |Nsc {F45-u :aomp
T Y, J2-M [Nsc  [J1°F | Nsc .
U | B* J5-f |[Nsc |J4-k |NscC
V| Ac
W | La-3 |J93-Y |Nsc  |947-c |ECP
X | zr J5-E [Nsc
Y | zq J45€m o
z | 1c J5-J [Nsc

ry | J42-p (DD

a

b | R3 J27-A |JUNC |J27-B | JUNC |J21-K1 |WR  [125-v2 [VoTW | J31-U |ATAMC | Ja2-N ([ND)
c | J42-2 (MDD '

dfc J4-B |NS

e |c Ja-c  |Nsc

£ Lg_13 J47-J | PCP

h | Ley3|947-L |pcP

Jj

k | +24c | power
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J7 (RC). CARD 7 READER CONTROL

LOGIC |

PIN| TERM | TIE POINTS
-24m | POWER
Ng P50-25|RPU
Wi3p | J21-Y2[WR
Ng P50-57|RPU
T4 P50-61|RPU
T3 P50-60 |RPU
Wpa |J21-H2([WR
T, | P50-59|RPU
T P50-58 |RPU

Wgp | J21-e2|WR
Wop | J21-e1|WR
GND |g22.-§2 XF
Web | J21-M1[wR

N < ¥ = < a H » X ¥ 2 2 0 R T 71 ooOw »

L1 J47-u |pCP
Ly Ja7-T |pCP
L3 Ja7-s |pCP
Wop | J21-A2 [WR
L4 J47-R |PCP
T, P50-64 |RPU
Te P50-63 |RPU
a | Ts P50-62 |RPU
b | Wiop | J21-62WR
c | Ls Ja7-P |PCP
d | 'Wyip | J21-b1|WR
e | Lg Ja7-N |PCP
£ | Wigp | J21-z2|WR
h | Ly Ja7-M |PCP

L

+24m POWER
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J8 (RC) CARD 8 READER CONTROL

LOGIC
PIN| TERM | TIE POINTS

A | -24m | POWER

B

c .

D | Bip | J1-b |[Nsc |si1-z| Pc  |J42-f | ND | J14-N | TWC | J29-N | AT/WC
E | Wap | J21-P2|WR _
F | By | J42-j |[ND  [J1-c [ NSC |J11-Y | BC [ J14-T | TWC | J29-T | AT/WC
H | B3y | Ja2-kx |ND  |J1-d | NSC '[J11-U [ BC | J14-U | T/WC | J29-U | AT/WC
J | Bgp | J42-n |[ND  |J1-e | NSC |J11-X | BC | J14-M | T/WC | J29-M | AT/WC
K | Bsp | J42-p |ND  |J2-e | NSC |J11-W ['PC | J14-K | TWC | J29-K [ AT/WC
L | Ly-13] J46-V.|ACP '

M | Ws_p | J21-N2|WR

N

P | oND

R

s | Q J21-J1|WR

T | Lp-1 | J46-S |ACP

U | Nip P50-29|RPU

v | Ny3 | P50-5 |RPU  |P50-4| RPU

w|s Ja2-v |xp |oa-1 | Nsc |os-a | Nsc| g1i-r | ®c J14-W | TMC | J17-d| T/WC

J32-d |ATMC|J29-W| AT/WC

X | qQr J21-P1|WR |

Y | Bgp | J42-r [ND  [J2-c | NSC |Jll-a | BC | J14-L | T/WC | J29-L | AT/WC
z | Ny1 | P50-24|RPU

a | Nyy | P50-28|RPU

b | Ni4 | P50-7 |RPU

¢ | Lo J46-v |ACP

d | Wigp | J21-R1|WR  |J12-Z| FSC

e | Ly_g | J46-n |ACP

f | Wop J21-H1([WR

h | Nys | P50-27|RPU

i | Ny | Pso-31|reU
.k | +24m | POWER
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J9 (PC) CARD 9 PUNCH CONTROL

LOGIC
PIN | TERM | TIE POINTS

-24m . | POWER

Ni7 | P50-22 rReu | J22.M)| XP
Xiop | J22-H1 XP

Op P50-21 RPU

X11b J22-H2 XP
Nig P49-s PCU P50-6 |RPU
N19 P50-33 RPU
N2 P50-19 RPU

GND

Noj P50-18 RPU

H7 J12-F FSC

Hg J13-b FSC | J15-f |T/WC
Hs J13-¢ FSC | J15-e |TMC
Hyg J13-d FSC | J15-W |T/MWC
H3 J13-e FSC | J15-X |T/WC
Ho J13-f FSC | J15-H |TMC
Hy J13-h FSC | J15-F [T/MC

N ® X £ < cH n ® "W Z2 20 R Qg T 1MmWMouQw»

X10a | J22-F2 XP
Xga | J22-E1 XP
Xga | J22-A2 xp
X7, | J22-A1 xP
Lig | J46-p ACP
Xga | J22-b2 XP
X55 | J22-c1 XP
X4a | J22-c2 XP
Viiy | J14-R T/MC| J25-X1| VoT/MW
+24m | POWER

LS VO = S ¢ T o N e B =
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NOTES: REVISIONS
1. ALL RESISTORS 1/ZW+ 5% CARBON UNLESS OTHERWISE STATED. pescmeTY 2
2. ALL TRANSISTORS TO BE ZNIN'30, PER LSS20005Z1 OR EQUIV, afeafo‘ef-gf;"gg‘efﬁ%zs oy LEe
FER ES LSB3200052!, EXCEPT Q4 WHICH IS 20674, PER L5S3Z2000530. e30) ¢ M, Yoy ok joh é—ﬁ’__
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J10 .(PC) CARD 10 PUNCH CONTROL

LOGIC
PIN| TERM | TIE POINTS

-24m | POWER
X13b | J22-N1 [xp
X10b | J22-K2 [xP
Xop J22-C2 [XP
Xgp | J22-D1 [xP
X7p | J22-D2 |xP

Xep | J22-d1 [xP
Xsp | J22-42 [xp
X4b | J22-f1 [xXP
GND
Ny, | P50-20 [RPU

Nyg | P50-14 [RPU
Nyg | P50-13 [RPU
Nz7 | P50-12 [RPU
Nye | P50-11 [RPU
Np3 | P50-8 [RPU
Nog P50-9 |[RPU
Ny5 | P50-10 [RPU

N < ¥ = < a™=w »n ® 9 2 20 R o m @ o 0w »

a |.N3g | P50-32 |RPU
b

C

d

e

£

h

J

k | +24m | POWER
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J11 (PC) CARD 11 PﬂNCHJCQNTROL

LOGIC .

PIN| TERM |TIE POINTS

A | -24m | POWER

B | Lg_13 |J46-U |ACP

c

D | Lg Ja6-s |Acp v :

E | N33 |J28-j |JUNC |J28-k | JUNC |J21-L2| WR [J22-¥1 Xp J25-H1|VoTMW
E ,

H | X3p  |J22-v2|xp

J | -24c | POWER

K |Q '

L | Q J22-J1|XP

MU J42-W |IND  |J4-c ‘| NSC |J17-j | TMC| J32-j| ATMWC

N | Lg-1 |J46-T |ACP

P | GND

R|S J42-V |[ND  |J4-T |NSC |J5-d | NSC |J8-W | RC J14-W |T/MWC | J17-d | TWC

J32-d |AT/WC|J29-W | AT/WC

S | X14p [J22-N2{xP ‘

T | X3p |J22-z2|xP

U | B3p |J42-k |ND  |J1-d [NSC [J8-H |[RC [J14-U | TWC | J29-U |ATAMWC
V | Byp |J42-s |[ND  |J2-b |NSC

W [ Bsp [J42-p [ND  |J2-e [NSC |[J8-K |RC |J14-K | TMWC [ J29-K [ATAMC
X | B4gp |J42-n [ND  |[Jl-e |NSC [J8-J |RC |J14-M | TMWC | J29-M [ATMWC
Y | By, |J42-j |ND  [J1-c [NSC |J8-F RC |J14-T | TMWC | J29-T |AT/WC
Z | Byp |J42-f [ND  |J1-b |NSC [|J8-D |RC [|J14-N | TAWC | J29-N |ATMWC
a | Bgp |J42-r [ND  |J2-c [NSC [|J8-Y |RC |[J14-L | TAWC | J29-L |AT/WC
b | Xj0c |J22-K1|XP

c | Xg¢  |J22-B2|xP

d | X7¢  |J22-c1|xp

e | Xgc J22-e2 |XP

f | Xs¢c |J22-e1|xp

h | X4e  [J22-f2{xP

J | Xoc J22-B1|XP

+24m | POWER
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CARD 12° OFF-LINE SYSTEM CONTkOL

J12 - (FSC)
LOGIC
PIN | TERM | TIE POINTS
A | -24m | POWER
B
C
D
E |H* J21-T2|WR J26-c1{V1iTMW
F H7 J9-S PC
H [R5 J28-X |JUNC |J28-Y [JUNC |J21-J2 | WR | J25-S2 | VT |J46-c |ACP
3 , -
K |Lg.z | J46-K |ACP
L |An
M | Gm J27-K |JUNC |J27-L {JUNC |J22-F1| XP | J28-K1 |VoTM | J46-E | ACP
N _
P | GND
R
S
T |Km J25-x2|voT W
U [Lg-2 | J46-H |ACP | yuo @2l x?
V | Inm J21-D2|WR
W [Lx-1 | J46-b |ACP
X | I,
Y |R4 J28-v |JUNC |J28-W [JUNC |J22-v2 | XP | J25-H2 |VoT M
Z |Wi4p | J8-d |RC J21-R1|WR ‘
a |Ly-y J46-a [ACP
b |Ls_3 | J46-L |ACP
[ H*
d |Ap J46-m [ACP |J25-S1|VoTW
e H7
f |Hp* J21-C1|WR J26-h2|ViT MW
h |H J13-V |[FSC '
Jj
k | +24m | POWER
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J13  (FSC) CARD 13 OFF-LINE SYSTEM CONTROL

BRI 7e el (X IR S
PIN | TERM | TIE POINTS

-24m | POWER

Hs* | J21-c1|WR | J26-x2|V T
He* | 21-c2|wr | J26-D1fviT MW
Nj J46-J |AcP
Hg* | J21-B1|WR | J26-X1|viT W
Hz* | J21-d1[WR | J26-a1lv,Ta
Hp* | J21-d2|wr | J26-z1fv,TW
Hi* | J21-L1[wR | J26-a1{v;Tw

N <X = <@ H®L R ZEERGTMED AR >

| oND

He

H' Ji2-h |FSC

Hs

Hy

H3

Hp
a |H
b |Hg J9-T [pc | J15-f |TmcC
¢ |Hs J9-U [pc | J15-e |TAC
d |Hy J9-v |pc | J15-W |TAC
e |H3 J9-w [pc | J15-x |Tmc
f |Hy J9-X fec | Jis-m |ramc
h |H; J9-y [pc | Ji15-F |TMC
J
k |+24m | POWER.
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J14 (T/WC) . CARD 14 TM
LOGIC

PIN | TERM | TIE POINTS

A | -24m | POWER

B | Vg J26-j2 VlT/w

C |Vioe |J26-F1|viTM

D |Viie |J26-H2|VITNW

E |Vigoe |J26-32|ViT/W

F | Vige |J26-d2|ViTW

H |Vize |J26-K2([ViTM

J | -24c | POWER

K |Bsp J42-p |ND J2-e |NSC |J8-K | RC |J11-W | PC J29-K | AT/WC
L |Bep J42-r |ND J2-c |NSC |J8-Y | RC |Ji1-a | PC J29-L | ATMC
M |Bgp J42-n [ND Jl-e |NSC |J8-J | RC [J11-X | PC J29-M | AT/WC
N |Bip J42-f |ND  |J1-b |NSC |J8-D | RC |J11-Z | PC J29-N | ATMWC
P {GND

R |Viiy [J9-5 |pC J25-X1| VoT/W

S | Qo' J17-Y |T/WC

T |Bzp J42-j IND  |Jl-c [NSC [J8-F RC |J11-Y | PC J29-T | AT/WC
U |B3p Ja2-k [N |J1-d [NSC [J8-H | RC |J11-U | PC J29-U | AT/MC
vV | Ng P49-n |PCU

w |s J42-v |ND J4-T |NSC |J5-d | NSC |J8-W | RC J11-R | PC J17-d | T/WC

J32-d [AT/WC|J29-W |AT/WC

X |Qi J16-R [T/WC

Y

A

a

b

c |Qi J25-Y1|VoTMW|J17-R | T/WC |J17-C | T/MC

d | vex J25-J2|VaT/M|J17-c | T/WC '

e |Lp-q |J46-N |ACP

. :

h

J

k | +24m | POWER
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J15 (TMC) CARD 15 T/W CONTROL

rocIc|

PIN | TERM | TIE POINTS

A -24m POWER .

B | Vg | J26-£2|V,TM

C | Viga | J26-E2{ViTW

D | Vviop | J26-E1|vyTM

E |Vop | J26-ni|viTm

F Hy J13-h |ESC Jo-Y PC
H Hp J13-f |FSC |J9-X PC
J -27m POWER

K |N3z | Ja4-aa|T/mU

L |N34 | J44-BB|TMWU

M

N |Vizsp | J26-J1|VITW

P GND

R |Viia | J26-H1|ViT AW

S [Vi2a | J26-e2|v T

T

u

v |vip | J26-F2|vT W

W Hg J13-d |FSC Jo-V PC
X Hj J13-e |FSC Jo-W PC
Y |N3zs | Jas-cclTmu

z |N3¢ | J44-pD [T WU

a |Viza | J26-K1 [ViTW

b |Viga | J26-S2 VTN

¢ [Vigp | J26-T2 [V1TMW

a |vizp | 326-T1 [viTW

e |Hs Ji3-c [Fsc  |g9-u | ®c
f Hg J13-b |FSC Jo-T PC
h N3z | J44-EE fTWU

i |Nazg | J44-FE TwU

k |+24m | POWER
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J16 (T/MC) CARD 16 T/W CONTROL

LOGIC

PIN | TERM | TIE POINTS

A |-24m | POWER

B [Ngg |J44-c [Tmu
c |vyp | 326-D2|ViTM
D |Ngz |J44-a |TMWU
E |Vsp |J26-V1|V;TMW
F |Ngo J44-X |TMU
H |V3y, | J26-Y1|Vi;TMW
J |Vvap | J26-a2{viTM™
K |N3g J44-W |T/WU
L |Vgp |J26-UL[V;TAW
M |Ngq J44-Y |TMU
N |Vgp |J26-W2|ViTMW
P |GND

R |Q; J14-X |T/MC
S |Vez |J25-N1|voTW
T

U [vzy  J25-T2|VoT W
\Y N4g J44-k |T/WU
W |Vipy |J25-v2|VoTM
X |voy  |J25-V1|V T
Y |vgy J25-T1 [VoT M
Z |Ng3 J44-b |T/MWU
a |Vgp [J26-3l1 [vyT W
b |Ngs J44-Z |T/WU
c |Vip J26-bl [V1T/W
d Ny,  |J44-f [TMU
e [N70

f

h

J

k |+24m |POWER
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(T/WC) CARD 17 T/ CONTROL

Ji7
LOGIC
PIN |TERM | TIE POINTS
-24m | POWER ‘
B |Ap J27-H |JUNC {J27-J |JUNC |Jeé-N | NSC [25-ui| voTW | J31-Y| ATAC | J46-k | ACP
J32-B |ATMC|J42-S |ND '

c g J17-R |T/MWC |J14-c [TMC |J25-Y1 | voT/M

D {Vsy J25-N2 |V, T

E |0t J44-j |TMU

F |Vgy J25-ML |V T/

H [L,_3 | J4e-e |ACP

J |Ly_3 | J46-h |ACP [J25-R1{V,T/MW

K |Vay J25-F1 VoI M

L |0t

M |Lp-13| J46-P |ACP

N |Lp-13 | J46-R |ACP

P |GND

R |Qi Ji4-c |TMC [J17-C JTMC |J25-Y1 | VoT M

s |Q |

T |Viy J25-D2 |V T M

U [Ny J44-U |T/WU

v |Vay J25-F2 |V, TM

W

X

Y |Qy J14-5 |T/WC

Z |Lp-1 | J46-M |ACP

a

b ,

¢ |Vex Ji4-d [T/WC |J25-J2|V,T/M

d |s J42-V |ND J4-T |NSC |J5-d NSC ls-w RC J11-R| BC J14-W | TWC

J32-d |ATMWC |J20-W |AT/WC

e

f

h {q, J25-P2 [VoT MW

j |u J42-W [ND J4-c [NSC |J11-M | PC  [I32-j | ATMC

k |+24m | POWER
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J21 (WR) W READER RELAY CARD
LOGIC SWITCH

PIN | TERM ' | CONTACT | POINTS | TIE POINTS

Al | Bg* 9NO A2 J27-X | Junc |J27-w  JJuNc P1-T |NSC. | J26-v2 [ViTW
J31-E | ATMWC|J42-F IND '

A2 | Wop 90s | A1,BL |[J7-V | RC

Bl | Hg* ONC A2 J13-F | FSC  |J26-X1 [ViTMW

B2 | Lyg J46-3 | ACP  [(RELAY COIL)

C1 | Hp* 12NC z2 J12-f | FSC |J26-h2 N;TM

c2 | -24m J28e JUNC [(RELAY COIL)

D1 14NO R1

D2 | Im 4NC P2 J12-v | ESC

El | Qr 15NO R2 JUMPER |ON CARD TO: p-1 4NO

E2 INC F2

F1 1NO F2

F2 108 E2,F1

H1 | Wap 208 H2,J1 | J8-f | RC

H2 | Wy, 2NC H1 J7-3 | RC

J1 | Qg 2NO . | H1 J8-s | RC

J2 | Rs 3NC K2 J28-Y | JUNC |J28-X |JUNC [12-H [ESC |J25-S2 [voTmW
Ja6-c | ACP

K1 | Rg 3NO K2 J27-B | JUNC |J27-A [JUNC Pe6-b |[NSC [J25-U2 |VoTW
J31-U | ATMC|J42-N [ND

K2 | Wap 308 J2,K1 | P50-26| RPU

L1 | Hy* 6NC M1 J13-K | FSC |[J26-al [ViTMW

L2 | N33 5NC N2 J28-k | JUNC [J28-3j [JUNC P11-E |PC J22-Y1 |XP
J25-H1| VoI M

M1 | Wep 60S Li,M2 | J7-R | RC

M2 | By* 6NO M1 J27-R | JuNc | J27-P| JUNC | J1-N | NSC | J26-22| VyTM
J31-J | ATMC| J42-B| ND

N1 5NO N2

N2 | Wsp 508 L2,N1 | J8-M | RC

Pl | Qr 4NO P2 J8-x | ReC

P2 | Wgp 408 D2,P1 | J8-E | RC

Rl | Wiqp | 1408 s1,p1 | J8-d RC J12-Z | ESC

R2 | Wygp 1508 S2,El | JUMPER|ON CARD TO: P-2 40s

s1 | GND 14NC R1 J28D JUNC

s2 | Ip 15NC R2 JUMPER [ON CARD TO: D-2 4NC

T1 18NC U2

T2 | H* 13NC Y2 J12-E | ESC J26-cll VITM
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J21 (WR) W READER RELAY CARD
LOGIC SWITCH

PIN | TERM | CONTACT | POINTS | TIE POINTS

451 1708 v2,W2

U2 180S T1,V1

V1 18NO U2

V2 17NC U1

W1 16NC X2

w2 17v0 | uL

X1 16NO X2

X2 1608 Ww1,X1

Yl |B* 13NO Y2 J27-N | JUNC J27-M |JUNC |J6-E | NSC | J26-b2 | ViTW
J31-c | ATMC | J42-A [ND '

Y2 |Wysp | 1308 T2,Y1 |J7-D RC

Z1 | By* 12NO z2 J27-d | JUNC J27-c |JUNC |J2-T | NSC | J26-kl | V{TM
J3l-a | AT/WC | J42-L [ND

z2 |wWyp | 1208 c1,z1 |J7-f RC

al |Bg* 11NO bl J27-b | JUNC J27-a |JUNC |J2-U | NSC | J26-k2 | V;TMW
'J31-C | AT/WC | J42-K |ND

a2 |Bg* 10NO b2 J27-Z | JUNC J27-Y |JUNC [J2-V | NSC | J26-W1 | V,T/W
J31-N | AT/WC | J42-H |ND

bl |Wyip | 1108 c2,al [J7-d | RC |

b2 |Wiop | 100S cl,a2 |J7-b RC

cl |Hg* 10NC b2 J13-C | ESC J26-X2|ViT/MW

c2 |Hg* 11NC bl J13-D | FSC J26-D1|V{T/MW

dl | Ha* 8NC e2 J13-H | BSC J26-d1|V{T/MW

d2 |Hy* 7NC el J13-J | BESC J26-Z1|ViTM

el |W7p 708 d2,f1 |J7-N RC

e2 |Wgp 805 di,f2 | J7-M RC

f1 [By* 7NO el J27-T | JUNC J27-s |JuNc |J1-M | NSC | J26-Y2 | v T
J31-H | ATMWC | J42-C |ND '

f2 |Bg* 8NO e2 J27-v | JUNC J27-U |JUNC |J1-L | NSC | J26-U2 | V3T
J31-L | AT/WC | J42-D |ND '

hl

h2

j1

j2

k1l

k2
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J22 (XP) X PUNCH RELAY CARD
LOGIC SWITCH

PIN | TERM | CONTACT | POINTS | TIE POINTS

Al | Xp, 7NC D2 Jo-c | rc

A2 | xga 8NC D1 Jo-b | BC

Bl [X5. | oNo |c2 J11-j | ec

B2 | Xgc 8NO D1 Jil-c | PC

Cl | Xye 7NO D2 Ji1-d | rc

c2 | Xgp 905s E1,Bl |J10-D | BC

D1 | Xgp 80S A2,B2 |J10-E | BC

D2 | X7p 705 A1,C1 |J10-F | BC

El | Xga SNC c2 J9-a | BC

E2 12NC H1 T7-P |RC

F1 |Gy 11INC H2 J27-K | JUNC | J27-L | JUNC |J12-M [ESC  |J25-K1 | v, T
J46-E | ACP

F2 | Xp0a |10NC K2 Jo-z | ®c

HL | X, |1208 E2,J1 |J9-E | PC

H2 |X;qp [1108  |F1,02 [J9-3 | R

Ja |Q 12N0.  |m1 Ji1-L | PC

52 |6, 11NO H2 J27-F | Junc | J27-E |Junc |J5-v  |Nsc |g25-P1 | voT oW
J32-D | ATMC| Ja2-e |ND '

K1 |Xj0c |10NO X2 Ji1-b | BC )

K2 |X;op |10-08 |F2,k1 |J10-C | BC

L1 |R, 14NO N2 J27-D | Juxc | J27-c |Junc [J5-D |Nsc  [J25-B1 | voT W
J32-V | ATMC | Ja2-b |ND

L2 15N0 M1 ‘

M1 1508 p2,12 |0?-D | PC v

M2 [R; 13NO N1 J27-f | JUNC | J27-e |JUNC |J27-n |JUNC [Je-k | Nsc
J22-vi | xp - | J25-E2|VoTM |J25-J1|vaTaw [g32-k | ATANC
J42-Y | ND

N1 |Xy3p [1308 v2,M2 |J10-B | PC

N2 |Xp4p [140s vi, L1 |J11-s | ®c

P1 18NC R2

P2 15NC M1 IR-U FSQ

R1 18NO R2

R2 1805 P1,R1

s1 16NO T1

s2 17NO T2

T1 160S U1,s1

T2 1705 U2,s2

A5-50




J-22 (XP) X PUNCH RELAY CARD

'LOGIC SWITCH

PIN | TERM | CONTACT | POINTS | TIE POINTS

U1 16NC T1

U2 17NC T2

V1 | Ry 14NC N2 J27-h | JUNC | J27-e [JUNC [J27-f [JUNC |J6-K | NSC
J22-M2| XP J25-E2| VoT/W|J25-J1|VoTAW|[J32-K | AT/WC
J42-Y | ND

V2 | Ry4 13NC N1 J28-v | JUNC | J28-W [JUNC |J12-Y [FSC [J25-H2 | VoTW

Wi 1NO Y2

w2 2NO X1

X1 | X5p 208 az,Ww2 |J44-F | TAMU

X2 3NO z2

Y1 | N3y INC Y2 J28-j | Junc J28-k |JUNC |J11-E {PC  [J21-L2 | WR
J25-H1| VT M

Y2 | X1p 108 Y1,Wwi |J11-H | BC

Z1 | Ly-1 J46-f | ACP (RELAY [COIL)

22 | Xap 308 bl,X2 [J11-T | PC

al | -24m J28-f | JUNC | (RELAY{COIL)

a2 [ N3y 2NC X1 J25-R2| VoTM

bl | GND 3NC z2 J28-C | JUNC

b2 | Xga 6NC di Jo-e | PC

cl | X5, 5NC daz Jo-f | BC

c2 | X4a 4NC f1 J9-h | PC

dr | Xgp 60S b2,e2 |J10-L | PC

d2 | Xsp. 508 cl,el |J10-M | PC

el | Xs¢ 5NO d2 Jii-f | PC

e2 | Xgc 6NO d1 Jli-e | BC

f1 | Xgp 405 c2,f2 [J10-N | BC

£2 | Xg¢ 4NO f1 Jil-h | BC

h1

h2

i1

j2

k1

k2
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J25 (Vy T/W) V, TYPEWRITER RELAY CARD

LOGIC SWLTCH

PIN | TERM | CONTACT| POINTS | TIE POINTS

AL

A2

Bl

B2

c1

c2

D1 1NO D2

p2 |V 108 H1,D1 | J17-T | TMC

El |Ry 3NO F2 J27-C | JuNc | J27-D | JuNc | J5-D  |NSC  |J22-L1| xp
J32-v | ATmc | J42-b |ND

E2 |Ry 2NO F1 J27-e | JuNC | J27-£ | JuNc | 527-n |JuNc |Je-k | NsC
J22-M2| xp J22-Vi| Xp | J25-J1|VoTW|J32-K | ATMC
J42-Y | ND '

F1 | Vay 205 H2,E2 | J17-K | T/WC

F2 | V3 308 J1,E1 | J17-v | TmC

HL | N3 INC D2 J28-j | JUNC | J38-k [JUNC [J11-BE |pC [J21-L2 | WR
J22-Y1| XP

H2 |Rg4 2NC F1 J28-v | Junc | J28-w |JUNC | J12-Y |ESC |J22-v2 | xP

Jg |r 3NC F2 J27-e | JUNC | J27-f |JUNC | J27-h |JUNC |J6-K | NSC
J22-M2| xp | J22-vi|xe | J25-E2 |[VoTW[J32-k | ATC
Ja2-Y | ND

J2 | Ve 6NC L1 Jia-a | TMC | J17-¢ [TAMC

KL | Gp 5NC N2 J27-k | JUNC | J27-L |JuNC [ J12-M |Esc |J22-F1i | xp
J46-E | ACP

K2 |Ly-4 |RELAY |coiL |J27-j [ JuNc | J27-k |JUNC |J26-f1 [ViT MW |Ja6-a | AcP

L1 |GND 60S J2,N1 | J28-C

Lz |-24m |RELAY [COIL |J28-a

ML | Vay 40s . |M2,p2 |J17-F | TMC

M2 anc M1

N1 |Vgs 6NO L1 Jie-s | TMC

N2 |Vsy 508 K1,P1 |J17-D | T/MC

Pl [Ge 5NO N2 J27-E [ JUNC | J27-F |JUNC |J5-v NS¢ |922-J2 |xp
J32-D | AT/WC | J42-e |ND

P2 |Q, 4NO M1 J17-h [TMC |

Rl |L,_3 |10NC V2 J17-3 [TMC | J46-h [AcP

R2 [N3p [1mne  |xa J22-22 | XP

S1 |Ap 8NC T1 Ji2-d | Fsc Jae-m_|ACP
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b

J25 (V5 TMW) V, TYPEWRITER RELAY CARD
LOGIC SWITCH

PIN | TERM | CONTACT | POINTS | TIE POINTS

s2 |Rs 7NC T2 J28-X | Junc | J28-v | Junc |J12-H |Esc |J21-J2 | WR
J46-c | Acp

TL |Vgy 80S S1,u1 | Jie-y | TAC

T2 |vgy 70S s2,u2 | J16-U | TAC

UL | Ap 8NO T1 J27-H | JUNC | J27-3 | JUNC |J6-N |NSC |J31-Y | AT/MC
J46-k | ACP J32-B | ATMC|J17-B | TAC | Ja2-5 | nD

vz |Rr3 7nO | T2 J27-A | gune | J27-B | June |Je-b  |Nsc | J21-k1 | wR
J31-U | aTMC | J42-N | ND

Vi |Vey 90s x2,w2 | J16-x | TAC

v2 |vigy | 100s R1,YL |Ji6-W | T/MC

Wi 12NC z2 '

w2 |k 9NO V1 J31-X | ATmic | J42-T [ND  |Je-M |NsC

X1 |vypy | 1108 R2,Y2 | J14-R | TAC | J9-j |®c

X2 |Kn ONC V1 J12-T | ESC

1| 10NO V2 Jia-c | Tmc | J17-r |Tac |317-c |TAMC

Y2 11NO X1,

z1 12N0 z2

2 1208 Wi,z1

al 1308 bl,c2

a2 16NO f1

bl 13NC al

b2 16NC f1

c1 14NO a1

c2 13N0 al

d1 140S d2,cl

a2 14NC a1

el 15NC f2

e2 15N0 £

£1 1608 b2,a2

£2 1508 el,e2

hl 1808 h2, k2

h2 18NC h1

ji 17N0 j2 —

j2 1708 K1, jl

Kl 17NC j2

k2 18N0 | h1
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J26 (V3 T/W) Vj TYPEWRITER RELAY CARD
LOGIC SWITCH

PIN | TERM | CONTACT| POINTS | TIE POINTS

Al

A2

Bl

B2

C1

c2

D1 | Hg* 7NC D2 J13-D | FSC J21-¢2[ WR

D2 | V7p 708 D1,k2 | J16-C | T/WC

El | Viop | 100s E2,F1 | J15-D | TMC

E2 |Vjpa | 1ONC El J15-C | TmC

F1 |Vipc | 10NO El J14-C | T/WC

F2 |Vi1p | 1108 H1,H2 | J15-V | TAWC

HL | Vi1, | 11INC F2 J15-R | T/M™C

H2 | Viic | 11NO F2 J14-D | TMC

J1 | Vypp | 1208 e2,J2 | J15-N | TMC

J2 | Vipe | 12NO J1 J14-E | TMC

Ki |Vy3, | 13NC T1 Ji15-a | TMC

K2 |Vizc | 13NO T1 J14-H | TMC

L1 160S L2,M2

L2 16NC L1

M1 17NO N2

M2 16N0 | L1

N1 17NC N2

N2 1708 N1,M1

PL 180S R2,P2

P2 18NO P1

R1 15NC S1

R2 18NC P1

s1 1508 R1,c2

S2 |Viga |14NC T2 J15-b | TMC

T1 |[Vi3p |1308 K1,K2 |J15-4 | TMC

T2 |Vi4p |140S S2,d2 |[J15-c¢ | TMC

Ul |Vgp 408 d1,u2 [Jie-L | TMC

U2 |B3* 4NO U1 J27-U | JUNC | J27-V [JUNC| J21-f2|WR | J1-L | NSC
J31-L | ATWC | J42-D |ND

Vi [Vsp 508 X1,v2 |J16-E | T/WC ‘

V2 |Bg* 5NO V1 J27-W | JUNC | J27-X [JUNC| J1-T |NSC | J21-Al
J31-E | AT/MC | J42-F |ND
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J26 (V1 T/MW) Vi TYPEWRITER RELAY CARD
LOGIC SWITCH

PIN | TERM | CONTACT | POINTS | TIE POINTS

w1 | Bs* 6NO w2 J27-y | June | J27-z |JuNc |J2-v | Nsc  |J21-a2 | WR
J31-N | ATMC | J42-H |ND

w2 | Vg 60S X2,W1 | J16-N | TMC

X1 | Hg* 5NC Vi J13-F | Esc J21-B1|WR

X2 | Hs* 6NC w2 Ji3-C | BSC J21-c1|WR

Y1 | vap 308 Z1,Y2 | Jl6-H | T/MC

Y2 | By* 3NO Y1 J27-8 | JuNc | J27-T |Junc [J1-M [ Nsc  [g21-f1 | WR
J31-H | ATMC | J42-c |ND

z1 | Hy* 3NC Y1 J13-J | BSC J21-d2|WR

z2 | By* 2NO a2 J27-p | JUNC | J27-R |JUNC |J1-N |NSC |J21-M2 | WR
J31-3 | ATAC | J42-B |ND

al |Hp* 2NC a2 J13-K | BSC J21-L1|WR

a2 |vap 208 a1,z2 |J1e-J |TMC

bl | Vip 108 c1,b2 |Ji6-c |TAC ‘

b2 | B* o | b1 J27-M | JUNC | J27-N |JUNC [J6-E |NSC  [|J21-v1 |WR
J3l1-c |ATMC | J42-A [ND

cl | Hx INC b1 J12-E | ESC. | J21-T2|WR

c2 15N0 s1

a1 |mg* 4anc U1 J13-H | FSC J21-d1 |[WR

a2 | Vige |14m0 T2 J14-F | TMC

el |-24m |RELAY |[cOIL |J28-b | JUNC

e2 |Vya, [12NC J1 J15-s | TMC

f1 |Luy_q4 |RELAY |[coiL |J27-k |JUNC | J27-j [JuNc [g25-K2| voTW|J46-d | AcP

£2 | vVoq 9NC h1 J15-B | TAMC

nl | vop 908 £2,52 | J15-E | TMC

h2 | Hy* 8NC i1 Ji2-f | ESC J21-C1|WR

i1 | vgp 80S L2,k1 | Jl6-a | TAMC

2 | Voc 9NO h1 J14-B | TAC

k1 | By* 8NO j1 J27-c | JUNC | J27-d |JUNC |J2-T |NsC |J21-z1 | WR
J3l1-a | ATMC | J42-L [ND

k2 | Bg* 7NO D2 J27-a | JUNC | J27-b [JUNC [J2-U | NSC [J21-al | WR
J31-Cc | ATMC | J42-K |ND
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BUSS CIRCUITS (JUNCTION CARDS)

LOGIC

TERM | TIE POINTS

B* J27-M |Junc | J27-N |Junc | ge-E |nsc | gz1-v1 |wr J26-b2 | V{TM
J31-c |ATAMC J42:A [ND

Bi* | J27-P |JUNC | J27-R |JUNC | J1-N |Nsc | J21-M2 [wR J26-22 | V{TM
J31-J |ATMC | J42-B [ND

By* | J27-S [JUNC |J27-T [JUNC | J1-M |NsC | J21-f1 |WR J26-Y2 | V{TM
J31-H [ATAC | 342-C |ND )

Bg* | J27-u |ounc | g27-v |ounc | J1-L |nsc | g21-£2 |wR J26-U2 | V{TM
J31-L |ATMC | J42-D |ND f _ |

Bg* | J27-W [JUNC | J27-X |JUNC | J1-T |Nsc | J21-A1 |wR J26-V2 | V{T/W
J31-E |ATAC | J422F, |ND f |

Bg* | J27-Y |JUNC |J27-Z |JUNC | J2-v |Nsc | J21-a2 [wR J26-W1 | V{TW
J31-N |AT/WC | J42_H [ND -

Bg* | J27-a |JuNc | J27-b |JUNC | J2-u |Nsc | J21-a1 |wWR J26-k2 | V,T/MW
J31-C |AT/WC | J42_K_|ND

By* | J27-¢ |Junc | J27-d |JuNc | J2-T |Nsc | J21-z1 | wR J26-k1 | V{TMW
J31-a [AT/WC | J42_1, [ND

Ry J27-e |JUNC | J27-f |JUNC | J27-h |JUNC | Je-k |NsC | J22-M2 | xp
J22-V1|xp J25-E2|VaTW| J25-31| VoI | J32-k | ATAWC| Ja2-Y | ND

R, J27-C [JUNC | J27-D |JUNc | Js-D |Nsc | J22-L1 | xp J25-E1 | VoT MW
J32-V [AT/WC | J42-b |ND ,

R3 J27-A |JUNC | J27-B |JUNC | Je-b [NSC | J21-K1 |wR J25-U2 | VT
J31-U [ATAC | J42-N_|ND

R4 J28-v |JUNC | J28-Ww |JUNC | J12-Y |Fsc | J22-v2 |xp J25-H2 | V,TA

Rs J28-X |JUNC |J28-v |JuNc | J12-H [Fsc | J21-02 |wWR J25-52 | VT MW
J46-c |ACP '

Gny J27-K |JUNC | J27-L [Junc | Ji2-M |{Fsc | J22-F1 |xp J25-K1 | VoT MW
J46-E |ACP _

Ge J27-E |JUNC |[J27-F |JUNC | J5-v |NsC | J22-J2 |xp J25-P1 | VT M
J32-D |ATAWC |J42-e, [ND '

Ap J27-H [JUNC | J27-J |JUNC | Je-N |Nsc | Jga2s-ur |voTaw| g31-v |aTmic
Jae-k |acP | J32-B [ATMmc| J17-B |TAc | J42-s |ND

N3; |J28-j [JUNC |[J28-k |JUNC | J11-E |PC J21-L2 |WR J22-Y1 | XP
J25-H1 [voT W ‘

Ly-4 [J27-j |JUNC | J27-k |JUNC | J25-K2|V,T/W | J26-F1 |viTA | Jd6-a |Ace
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BUSS CIRCUITS (DO NOT GO TO JUNCTION CARD)

LOGIC

TERM | TIE POINTS

Bip J42-£ | ND J1-b | NSC J8-D | RC Ji11-Z | PC J14-N | T/WC
J29-N | ATWC '

Bap J42—i,| ND Jl-c | NSC J8-F | RC Jil-Y | PC Jl4—'»Ii T/WC
J29-T | AT/WC |

B3p 2-k |ND J1-d | NSC J8-H | RC J11-U | PC J14-U | T/WC
J29-U | AT/WC

B4p J4g-n | ND Ji-e | NSC J8-J | RC J11-X | PC J14-M | T/WC
J29-M | AT/WC

Bsp J42-p | ND J2-e | NSC J8-K | RC J11-W | PC J14-K | T/WC
J29-K | AT/WC

Bep J42-r | ND J2-c | NSC J8-Y | RC Jil-a | PC J14-L | T/WC
J29-L | AT/WC

B J42-s | ND J2-b | NSC J11-V | PC

7p ——

E41 J42-Z | ND Jé-c | NSC

2 J42-c | ND J5-h | NSC

S 1J42-Y | ND J4-T | NSC J5-d | NSC | J8-W RC J11-R | PC
J14-W | TMWC | J17-d| T/WC | J32-d | AT/WC | J29-W | AT/WC

U J42-W | ND J4-c | NSC J11-M | PC J17-3 { TMC | J32-j | AT/WC

K¢ J42-T |ND J6-M | NSC J31-X | AT/WC | J25-W2 | V2T W
[ wom—
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e LAMPS ARE TYRPE /5’2’.9 FXCELT LEADER NEXT CHARAICTER LAMPS.
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