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PREFACE

This manual is one of a set of five published by Autonetics to
provide maintenance information on the RECOMP II computer system.

System Service Manual: Publication No. 508-T -6
Computer Service Manual: Publication No. 508-T -7
Input-Output Service Manual: Publication No. 508-T-8
Test Equipment Service Manual: Publication No. 508-T-9
- System Reference Schematics: Publication No. 508-T-11

The block diagram of figure 1 illustrates each system component and
shows its applicable service manual. In brief, the scope of each
RECOMP II service manual is as follows:

System Service Manual: This manual describes the general concept
of RECOMP II maintenance and provides instructions for checkout of the
computer system using the system tester in both static and dynamic test
modes. The goal of these system test procedures is to isolate malfunctions
to a specific operational area or system component.

Computer Service Manual: This manual describes the operational
components located in the computer assembly, including memory unit,
power circuits, and signal circuits. It also provides maintenance instruc-
tions and adjustments for computer components, and gives a detailed set
of test procedures for computer circuit boards using the component tester.

Input-Output Service Manual: This manual describes the operational
 characteristics of RECOMP II input -output equipment (control console,
typewriter, tape reader, and tape punch). It also provides maintenance
and test instructions for these input-output devices and the associated
desk assembly. '

Test Equipment Service Manual: This manual describes the func-
tional characteristics of the system tester and component tester. It also
provides maintenance and test information for these two RECOMP II test
equipments. '

System Reference Schematics: This publication provides a set of
schematics, assembly drawings, wiring charts, and signal charts for
each system component; i. 2., computer, desk, control console, tape
reader, typewriter, and tape punch.
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INTRODUCTION

Computing system maintenance comprises two general types:
system maintenance and component maintenance. System maintenance
is primarily concerned with checking out the operational status of each
functional system component in terms of system operation. Component
maintenance principally consists of preventive maintenance, and re-
placement of malfunctioning electronic and electromechanical parts of
the system. The procedures of system maintenance are thus primarily
trouble-isolation procedures. That is, whenever faulty operation occurs,
the trouble is traced to a particular system component by using the
system checkout procedures. If, for example, the trouble should be in
the main computer circuitry, the trouble is traced to a particular func-
tional circuit or group of circuits within the computer. Once the trouble
has been identified with a particular functional area of the computer
system, the technician refers to the applicable component service
manual for (1) more specific maintenance procedures to isolate trouble
to particular electrical or mechanical components and (2) instructions
to repair or replace the defective components. In this system service
manual, system maintenance is divided into three phases: Preliminary
Checkout, Operational Checkout, and Logic Checkout.

PRELIMINARY CHECKOUT

Preliminary checkout procedures provide instructions for checking
electrical and operational conditions that must be satisfied before the
~more complex operational steps can be performed. For example, all
d-c power supply voltage levels and load characteristics are checked in
preliminary checkout. The ability of the control console to enter in-
formation and to read out information from the computer is also checked.
All preliminary checkout procedures are limited to those that can be
performed relatively quickly and without referring to logic interpretation.

OPERATIONAL CHECKOUT

Operational checkout procedures provide the means for checking
out the ability of the computer to perform various commands and func-
tions. Short routines are entered from the control console (or the tape
reader or typewriter) and the computer then is set to perform these
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routines. Results are monitored on the visual readout of the control
console and /or an oscilloscope. If the routine fails, the computer has
incorrectly executed a command or malfunctioned in another manner.

The maintenance engineer can then, through use of the logic descriptions,
determine the circuits involved in the malfunction.

LOGIC CHECKOUT

Logic checkout involves determination of the characteristics of
each function in terms of the logic equations which represent the detailed
operational design of the computer. From this, the maintenance engineer
can then readily determine the circuits and components involved. In
most cases, logic checkout procedures isolate trouble to particular cir-
cuit boards, which can then be checked out in detail on the component
tester and replaced.

2 | 508-T-6



MAINTENANCE AIDS

The RECOMP II system (see figure 1) has numerous facilities
which aid in checking out the system, troubleshooting, and performing
preventive maintenance. Most important of these is the System Tester,
a separate self-contained unit which provides facilities for testing and
monitoring the computing system in both dynamic and static modes of
operation. This unit is especially useful in conducting preventive
maintenance tests under marginal conditions. Other system checkout
aids --all integral parts of the system--are the control console, tape
reader, tape punch, and electric typewriter. All of these units are used
both with and without the system tester, as checkout and troubleshooting
may require,

The control console contains virtually all of the operating switches
and indicators used in directing the activities of the computing system.
Consequently, it is employed extensively in almost all checkout and
troubleshooting procedures. The control console keyboard is used to
set up memory locations and to enter commands and data into the com-
puter. Readout switches and the visual readout panel are utilized in
checking the contents of registers and memory locations. Error indi-
cators, memory location indicators, and several operating switches aid
in determining the exact location of a malfunction. The control console
also contains several other checkout and troubleshooting facilities.
These items, located on the rear of the console, consist of (1) power
supply voltmeter and range switch which facilitates checking the secondary
d-c voltages and (2) memory and register test jacks which permit direct
connection of an oscilloscope to check memory and register contents,
Procedures in which the control console is used in checkout, trouble-
shooting, and preventive maintenance of the RECOMP II system are
presented later. All persons associated with maintenance of the RECOMP
II system should be thoroughly familiar with the functions of all console
controls and indicators before performing any work on the system. A
description of the controls and indicators and their functions is given in
the RECOMP II Operating Manual.

Principal use of the tape reader, tape punch, and typewriter in
checkout, troubleshooting, and preventive maintenance is in the insertion
and recording of data. Use of these units in this work is presented
later. Operating procedures for these units and their controls are given
in the Operating Manual.

508-T-6 3



Uses of the system tester are given later in this section. System
tester controls are described in the Test Equipment Service Manual.
Persons utilizing the system tester should completely understand its
various modes of operation before using it.

CONTROL CONSOLE

Most of the controls for directing computer activities during
checkout, trouble-shooting, and preventive maintenance are located on
the control console (see figure 2).

Control of Internal Operations

Principal use of the control console is in the control of computer
internal operations. In addition to the controls for starting, stopping,
and applying power to the computer, the console contains the switches
and indicators used in directing the system in the various modes of
operation. The Start switches can be used in several different ways dur-
ing checkout and maintenance work. The regular Start switch is utilized
(1) to start the computer to execute instructions, as when running a test
routine, and (2) in conjunction with the single command operation switch
to cause the computerto execute one instruction at a time and stop auto-
matically. The single-command operating mode is especially helpful
when isolating a malfunction. If the computer is not executing a test
program correctly, the instruction causing the difficulty can be determined
by displaying the contents of registers and memory locations on the visual
readout following execution of each command.

Start 1, Start 2, and Start 3 switches start the computer on execu-
tion of a sequence of instructions beginning at memory location 0001,
0002, and 0003, respectively. They are used mainly with some test
routines having the initial command in one of these memory locations.
All Start switches initiate the Compute state which is indicated by the
Compute neon indicator in the center of the console.

Four possible methods of stopping the computer provide additional
flexibility in controlling internal operations during checkout and mainte-
nance. These are the regular Stop button, the Transfer Stop switch, the
Pre-set Stop switch, and the Error Reset button.

The Transfer Stop and Pre-set Stop switches are of particular
value in locatidg malfunctions. When placed in the Up position, the
Transfer Stop switch halts computer operation after interpretation of any
transfer instruction even though the condition necess=ry for transfer of

4 508-T-6
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control was not met. The location of the command containing the transfer
instruction is placed in the right half of the X-register from where it can
be displayed on the console visual radout. This enables checking if the
location of a transfer instruction in a test program is incorrect because of
improper sequence or a memory read-write malfunction. The Pre-Set
Stop switch, when placed in the lst or 2nd position, stops the computer
after execution of the command in the left or right half-word position,
respectively, of the full-word location as set on the Channel and Sector
Selectors. This permits running a test routine until it reaches the loca-
tion in which the malfunction is known or believed to exist. Contents of
the memory location of the last instruction executed may then be displayed
on the visual readout. The location counter will display the location of the
next instruction to be executed. -

Other switches and indicators used in controlling internal operations
include the Sense switches, Error indicators and Error Reset button, and
the Fill Source button. The three Sense switches operate in conjunction
with the Conditional T ransfer instructions TSB, TSC, and TSD to enable
manual direction of the computer along various routes of a stored program.

Error Reset permits resumption of operation following a stop caused
by an output, overflow, or verify error. However, the Error indicators,
are of greater aid than the Error Reset button in checkout and maintenance.
The Verify Error neon indicates a discrepancy between the contents of a
tape and the information originally stored in memory from that tape.
Usually a Verify error indicates faulty recording of the information in
memory. It may also, however, serve as a means of checking the ac-
curacy of the tape reading process if known tape content is read in and
then displayed from memory on the console visual readout. The Verify
mode of operation (see Operating manual) is helpful in locating a memory
write malfunction because the location counter will indicate the next
memory address that is to be verified; i. e., the malfunction is at the
address which is one sector less than shown by the location counter. An
output error is indicated when a difference occurs between the code sent
from the computer and that typed. By comparing the information at the
memory location indicated by the location counter with that shown on the
output register on the punch, the character being typed correctly can be
determined. The Overflow Error indicator lights whenever a number
exceeds the capacity of the A-register (see Operating manual). An overflow
condition usually indicates an error in the program but may also signify
improper command execution. All three error lights are extinguished
by depressing the Error Reset button.
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Environmental conditions affecting proper computer operation are
indicated by three warning neon indicator lights. These conditions are
open circuit panels, indicated by the Interlock neon; excessively high
internal temperatures, indicated by the High Temperature neon; and a
line voltage drop or increase, indicated by the Line Transient neon.
The computer may be operated with one or both hinged door circuit.
panels open; however, internal operating temperatures may become
sufficiently high to cause the computer to halt. A high temperature in-
dication will precede a halt. Excessively high temperature inside the
computer may turn off the computer almost immediately or after a long
delay, depending on the rate of temperature rise. The abnormally high
temperature may have originated in the power supply or memory. A
line voltage drop below 108 volts or above 130 volts will cause the Line
Transient neon to light, Usually a line voltage change sufficient to light
the indicator will be of concern only to the operator. This is because
and execessive voltage change during computing may alter information
in the registers or rapid access loops. Information in main memory
is unaffected by line voltage variations other than high transients.

Main use of the Fill Source button in checkout and maintenance is
to set up the computer to receive instructions and data from the console
keyboard. The Fill Source indicator lights when the Fill Source button
is depressed. It turns off automatically when the Fill switch on the tape
reader or typewriter is depressed, when an input command is executed,
or when the computer enters the Compute state.

Isolation of Malfunctions

The location counter indicator in the lower left corner of the con-
sole panel is used extensively in maintenance work. The location counter
indicator consists of 13 neon indicators and displays: (1) the address of
the location in which the data is being stored or selected for comparison
in the fill or verify mode (2) the address of the location of the next ins-
struction to be executed when operating in the compute state. Instances
in which the location counter indicator can aid in isolating a malfunction
include: (1) location of the instruction on which a command execution
malfunction occurred, (2) location of the instruction to which a program
will transfer, (3) visual verification of the location in which the informa-
tion is being placed or verified, and (4) visual observation of memory ac-
cess and program execution sequences during single-step operation.

508-T-6 7



Input of Commands and Data

The control panel keyboard is the principal medium for entering
commands and data during checkout and preventive mainterance. It is
also used for setting the location counter. All types of information ex-
cept alphanumeric can be entered from the console keyboard. Mainte-
nance work in which the keyboard is utilized include: (1) modification of
test routines to alter the course of operations, (2) entry of test data into
memory, (3) insertion of commands to check correct execution, (4) entry
of data into memory to ascertain proper functioning of output equipment,
(5) entry of data in memory to verify accuracy of write and read processes
in the channel in which a malfunction occurred, and (6) entry of information
into channels when making memory and register gain and other adjust-
ments. The switches identified by L, C, and N--and their indicators--
are considered part of the keyboard. Their main use is to set the com-
puter to receive numerical entries in location, command, or number
format, respectively. Procedures for entering information in these
formats are given later in this section.

Readout of Memory and Register Contents

The visual readout (see figure 3) is of considerable assistance in
maintenance by enabling: (1) visual inspection of the information in main
memory channels, rapid access loops, and registers, (2) verification
of data before entry, (3) isolation of a2 malfunctionin the write, read,
and command execution processes, (4) display of results of a command
execution or other operation, (5) a check of information entered or trans-
mitted from the computer against that in memory, (6) a check on accuracy
of the computations performed, and (7) determination of proper execution of
transfer commands. Frequently, the visual readout is more helpful in
isolating malfunctions when it is used with the single command operating
mode. Commands and data entered from the keyboard are displayed on
the visual readout automatically upon depression of a button. Display of
information in the computer is achieved by execution of the Display
command or manually. The latter is readily performed with a row of
rotary memory and register location switches and three readout buttons.
Contents of all main memory and rapid access loop locations and all
registers except the B-register can be displayed in binary coded decimal,
octal, and command formats. Procedures for obtaining readout manually are
presented on pages 24 through 28 under Computer Control in the Operating
manual, Pub. 512-E-3.
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Monitoring of Internal Operations

Facilities for monitoring internal computer operations on the rear
of the console (see figure 4) consist of test receptacles and a power sup-
ply voltmeter range switch and percentage indicator. The test receptacles
enable examination of the contents of registers, loops, and main memory
locations with the use of an oscilloscope. This aids in determining if the
contents of the memory or registers change, if the writing and reading
processes are functioning properly, and if the signals are of proper am-
plitude . Contents of registers and loops can be displayed in continuous
shape; contents of main memory locations can either be viewed as the
contents pass through the circuitry or in continuous shape by placing the
contents of a main memory location into a register or loop. A synch-
ronization receptacle provides a synchronization signal for the oscillo=
scope.

All secondary d-c voltage levels of the computer and control con-
sole can be conveniently checked with the power supply voltmeter range
switch and percentage indicator. The levels are tested by turning the
range switch to each position and observing percentage reading on the
indicator.

RUNNING-TIME
METER

AIR
POWER FILTER
SUPPLY

VOLTMETER

~—VOLTMETER
RANGE SWITCH

F—MEMORY AND REGISTER
TEST POINTS

SIGNAL

RECEPTACLES { POWER SUPPLY

J54 RECEPTACLE
TO COMPUTER J27

TO COMPUTER
J24, J25 and J26

Figure 4. Rear of Console
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PAPER TAPE READER

Use of the tape reader (see figure 5) in checkout and maintenance
consists of entering test routines into the computer and verifying the
recording of information into memory. The latter function is performed
by comparing the contents of memory against that on the tape with which
it had been entered. Verification thus serves as a rapid check of correct
recording in memory. Operation of the tape reader in both the Fill and
Verify modes is described later.

ELECTRIC TYPEWRITER

The electric typewriter (see figure 6) is especially useful in ob-
taining a printout of the contents of memory for comparison with infor-
mation entered or for examination to detect program errors and machine
malfunctions. The typewriter is also used frequently during checkout
and trouble-shooting to enter information into the computer and, in
conjunction with the paper tape punch, to prepare test tapes. Because
information can be entered into the computer in the same format as from
the tape reader and console keyboard, the typewriter can be utilized to
enter commands and data when either of the other units is inoperative.
When the tape reader is inoperative, the typewriter also is the only

POWER MOTOR

SWITCH XSWITCH —\

TAPE ADVANCE
SWITCH

RC8-109

Figure 5. Tape Reader
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Figure 6. Typewriter Front View

means of entering or receiving alphanumeric information to or from the
computer. Several typewriter control codes can also be used to direct
computer operations. These control codes, procedures for entering
information into the computer with the typewriter, and use of the type-
writer in preparation of test tapes are presented later in this section.
Typewriter output operation is controlled by program instructions TYC,
TYW, PTC, and PTW. Use of these instructions is outlined in the
Operating manual.

PAPER TAPE PUNCH

Main uses of the paper tape punch (see figure 7) in checkout and
maintenance are the preparation of test tapes and the output of informa -
tion when the typewriter and visual readout are malfunctioning. The
punch is also used occasionally with the tape reader in test routines
to check correct operation of the tape reader, tape punch, and type-
writer. The output register, located on the punch control panel, aids
in determining if the typewriter is recording correctly. If the Output
Error indicator on the console is on, the output register will indicate
the character mistyped. Comparison between the character displayed on
the output register and that typed will help to isolate the malfunction. A
check to ascertain if the register displays correctly can be made by
comparing the display on the output register with the contents of the
memory location being transferred to the punch. Loading of paper tape
into the punch is described on the inside of the cover of the unit; use of
the punch controls and punch instructions is explained later in this
section. Computer controlled punch operation is governed by program
instructions PNC, PNW, PTC, and PTW. Their use is described in the
Operating manual.
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Figure 7. Tape Punch
SYSTEM TESTER

Uses of System Tester

Main purpose of the System Tester (see figure 8) is to simplify
trouble -shooting. Specific uses include (1) monitoring the computer
flip -flops, including the read and write amplifier flip-flops; (2) con-
trolling the computer flip-flops to determine if each is functioning
properly and to static-check the logic; (3) checking operation of gates
to determine if operating properly marginally, or if inoperative; (4)
controlling a number of flip-flops under dynamic conditions to aid in
isolating a malfunction; and (5) applying marginal conditions to the
computer to locate incipient malfunctions. Procedures for operating
the system tester in these uses are given in the System Checkout
Procedures section of this manual.

Uses of System Tester Control

System tester controls consist of two power switches, the flip-flop
set-reset switches and indicators, a static-dynamic mode switch, a
marginal check switch, and a one-shot clock switch. Except for the
power switches, all are used to establish various conditions within the
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tester that will cause the computer to react to desired external control
rather than normal internal operation. Connecting the system tester
does not, however, affect the normal dynamic characteristics of the
computer nor alter the normal sequence of operations except when a
change is initiated externally through the system tester buttons. Func-
tions of these controls and the computer servicing operations in which
they are used are given in the following paragraphs.

Application of Power

The power controls apply power to the tester. The Power switch
applies 60-cycle power to the power supply and internal circuits of the
tester and the Neon Power switch applies d-c power to the tester panel
neons. A neon indicator above each of these switches indicates proper
application of power within the tester.

Setting and Resetting of Flip-Flops

Set-Reset controls consist of a 1-Set All— 0-Set All switch, a
Preset 1-Preset 0 switch, and individual microswitches for each flip-
flop. These controls permit resetting the flip-flops (terms), including
those in the read and write amplifiers, to 0 or 1 states. The 1-Set
All=0-Set All switch enables setting all flip-flops simultaneously to one
state or the other; the Preset 1-Preset 0 in conjunction with the individual
microswitches enables setting the individual flip-flops to one state or the
other. The Set-Reset controls are used in determining proper switching
of the flip-flops and in locating malfunctioning flip-flops. Instances in
which these controls are used for isolation of malfunction are (1) improper
execution of commands, (2) weak read and write signals, (3) incorrect
writing on and reading from memory, (4) incorrect memory location
selection, and (5) broken wiring or wiring errors.

Checkout in Static or Dynamic Modes

The Static -Dynamic mode switch enables checking the logic through
testing gates in the static mode and through observing indications of
tester lights in the dynamic mode. In some procedures the Static-
Dynamic switch is used in conjunction with the One-Shot Clock switch,
in others with the Marginal Check switch.

With the Static-Dynamic switch in the Static position, any logic
gate or gates set up can be triggered with the One-Shot Clock switch.
The Static position turns off the computer clock and leaves it in the true
state. When the One-Shot Clock switch is depressed, the tester forces
the clock line to a false level by grounding it. This initiates a positive

L.
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step function suitable for triggering the flip-flops to statically check the
logic gates one at a time. It is helpful in isolating almost every mal-
function of an electronic nature because gates are used in all logic and
many other operations, such as console keyboard entry and visual
readout.

During the dynamic testing mode, normal computer operation
is monitored by the system tester. When computation ceases, the
states of all flip-flops are displayed. The malfunctions can then be
isolated by the utilization of the computer logic with the necessary
understanding of computer operation. The system tester does not
effect the operation of the computer during normal operation.

Operation Under Marginal Conditions

Use of the Static-Dynamic switch in conjunction with the Marginal
Check switch is of greater assistance in checkout and preventive main-
tenance than trouble-shooting. The Marginal Check switch can be set
to change various voltage levels within the computer. These changed
levels can be applied in either the static or dynamic mode according to
the setting of the Static-Dynamic switch. The -6 and -18 voltages are
lowered in either the static or dynamic mode; the +6 and -12 voltages
are raised in the static mode and raised and lowered in the dynamic
mode.  When the marginal condition is imposed in the dynamic mode,
the clock is also advanced and retarded on successive clock pulses.
Two jitter flip-flops generate a square wave of one-forth the clock rate
for modulating the +6 and -12 voltages. The frequency and the rise and
fall times of these waves do not cause transient effects within the com-
puter.

Imposing marginal conditions is especially useful in locating
incipient malfunctions. Application of a marginal condition in the static
mode permits testing of a specific component in the dynamic mode to
continuous operation of the computer on a given program. Components
and circuits which function satisfactorily under normal operating con-
ditions will fail when marginal conditions are imposed; thus the static
mode enables locating and replacing failing components before a mal-
function occurs. Under marginal conditions in the dynamic mode, if
the computer handles a program or routine correctly, it usually is
operating satisfactorily. The marginal check is helpful in trouble-
shooting through aiding in isolating a malfunction that is occurring
intermittently.
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Flip-flop indicators on the System Tester enable identification of a
malfunctioning flip-flop. When a computer flip-flop is in the true state
the appropriate neon is illuminated; when in the false state it is ex-
tinguished. There is one neon for each flip-flop, including each read
and write amplifier flip-flop. Proper operation of the neons themselves
can be easily confirmed by placing the 1-Set AllL-0-Set All switch in the
1 -Set All position and noting if all neons are lighted.

The control unit network board mounts the marginal test condition
potentiometers. This board is shown in Fig 9.

The adjustments available to the computer operator for establish-
ing marginal test conditions are listed in Table 1. The marginal test
conditions available in a computer are shown in Table 2. The voltage
levels for marginal test conditions may be adjusted by the use of poten-
tiometers located on the control unit network board. The designations
of marginal tests voltage conditions and adjustment potentiometers are
listed in Table 3.
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Table 1.

Adjustments Used To Establish Marginal Test Conditions

-18 v
-6 v
-12 v
+6 v
-12
+6

Static margin = R12
Static margin = R14
Static margin = R5
Static margin = R13
Dynamic margin = R10
Dynamic margin = R40

R12, R14, R5, R3, R10, R40 located on marginal

test board of System Tester.

Clock Jitter width = R4 on clock board No. 1 in
computer,
Table 2, Marginal Test Conditions
Switch Setting Action
Mode Marginal Clock
Test Voltage Change Jitter
S1 S2 -6 +6 -12 -18
'Static OFF None None None None None
Static No. 1 None None None Lowered| None
by 10%
Static No, 2 Lowered| None None Lowered| None
by 10% by 10%
Static No. 3 Lowered| None Raised| Lowered| None
by 10% by 10%| by 10%
Static No. 4 Lowered| Raised| Raised| Lowered| None
by 10% | by 10%| by 10% | by 10%
Static No. 5 Lowered | Raised| Raised| Lowered| None
by 10% by 10% | by 10% | by 10%
Dynamic| OFF None None None None None
Dynamic| No. 1 None None None Lowered| None
bé 10%
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Table 2. (Continued)

Switch Setting Action
Mode Marginal Clock
Test Voltage Change Jitter
S1 S2 -6 +6 -12 -18
Dynamic | No. 2 Lowered None None Lowered| None
by 10% by 10%
Dynamic | No. 3 Lowered None Jitter Lowered| None
by 10% £10% by 10%
Dynamic | No. 4 Lowered Jitter  Jitter Lowered| None
by 10% +10% £10% by 10%
Dynamic | No. 5 Lowered Jitter Jitter Lowered| Jitter £0.5
by 10% +10% +10% by 10% usec
Table 3. Designations of Potentiometers Used for
Establishing Marginal Test Conditions
Adjustment Voltage Remarks
R33 Line Trans High Limit
R34 +50 Adjusted before adjustment of R47
R 35 -12
R36 =6 Adjust for mean value
R 37 +0.75
R 38 -3
R 39 -18
R40 -100 Adjustment dependent on voltage level
R42 Line Trans Low Limit
R47 +75 Adjusted after adjustment of R34

508-T-6

19




@ R32,R41 @c?,cm @ r31,rs52 (1) @ (@) r3sraz (e @c:.cz, ©3,C4,C5,C8 (6) 35, R38, R39, Ra7

(8) r5,Rr13
@

@

\@UIJ

" ﬂﬂ @ @Rlﬂ, R48, R28 28)RI10, R1ll, R14

a1,a3(0)

@

R30, R45, R49(40)

CR3, CR‘;

(R34, r36 (2)as, a7, 08, a9, a0 (@)cwu, crs (B)crs, cre (@) (Dot 25 @) @) @) () @) @) &) ()

Figure 9. Control Unit Network Board

20 508-T-b6



SYSTEM OPERATION AND CONTROL

Checkout, trouble-shooting, and preventive maintenance is much
more easily and quickly accomplished when operation and control of the
system is thoroughly understood. Procedures for operating the com-
puter and its associated input-output units are given on the following
pages, but principally as a brief, convenient reference. Detailed op-
erating procedures are presented in the Operating manual. Procedures
given here are presented in the order in which they will usually be used;
exceptions are covered in the tests in which the variation in operating
procedure is required.

Computer Operating Procedure

To apply power to computer:

Depress Power On button on control console (Power On indicator
should light immediately; Ready indicator should light approximately
45 seconds after power turn-on).

To set Location counter from console keyboard:

1. If Fill Source indicator is extinguished, depress Fill Source
button. ‘

2. If Compute, Output Error, Overflow Error, and Verify Error
indicators are lit, depress Error Reset button.

3. Depress Location button (Location indicator should light).

4. Depress in proper sequence the keyboard buttons corresponding
to the location in which it is desired to enter information, consisting of
four octal digits for the channels and sectors desired and one binary
digit to indicate the first or second half of the sector (a zero for first
and a one for second half, usually a zero). (Corresponding numerals
should be displayed on the visual readout; if a wrong character has
been keyed depress Clear button and repeat this step from its beginning. )
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5. Depress Enter button (location will be entered into computer,
visual readout will be cleared, and location counter indicator should
display location set up -~ location counter indicator is read by adding
numbers beside lighted neons).

To enter commands from console keyboard:

1. Set location counter.

2. Depress Command button (Command indicator will light).

3. Depress in proper sequence the keyboard buttons for the pair
of commands desired, consisting for each command of a sign, two octal
digits for the operation code, four octal digits representing the address
or other information, one binary digit (zero or one) for half-word sector
indication or other information (the various meanings of sign, address,
and half-word indicators are explained in the Operating manual); corres=~
ponding characters are displayed on the visual readout as the buttons
for the command are depressed, if a wrong character has been keyed
depress Clear button and repeat this step from its beginning.

4. Depress Enter button (pair of commands will be entered into
location desired, visual readout will be cleared, and location counter
will be advanced to next location).

5. To enter additional commands in consecutive locations repeat
steps 3 and 4, in non-consecutive locations steps 1 through 4.

To enter mixed numbers from console keyboard.

1. Set location counter.

2. Depress Number button (Number indicator will light).

3. To enter whole-number portion, depress plus or minus sign
followed by up to 11 (numeral) keys representing decimal digits (cor-
responding numerals are displayed on visual readout as numeral key
is depressed, if wrong character has been keyed depress Clear button
and repeat this step from its beginning).

4. Depress-decimal point key (whole number should be entered
into location desired and location counter should be advanced to next
location; if it is desired to clear visual readout before entering fractional
portion depress Clear key after decimal point key).

5. To enter fractional portion, depress up to 11 numeral keys
representing decimal digits--if Clear or Enter key had been depressed
following entry of whole number, also depress sign and decimal point
keys before numeral keys (corresponding character are displayed on
visual readout as keys are depressed, if wrong character has been
keyed, depress Clear button and repeat this step from its beginning..
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6. Depress Enter key (fractional number will be entered into
location following whole number, visual readout will be cleared, and
location counter will be advanced to next location),

7. To enter additional mixed numbers in consecutive locations
repeat steps 3 through 63 in nonconsecutive locations,steps 1 through 6.

To enter whole numbers only:

1. Set location counter.

2. Depress Number button (Number indicator will light).

3. Depress plus or minus sign followed by up to 11 numeral keys
representing decimal digits (corresponding numerals are displayed on
visual readout as numeral key is depressed, if wrong character has
been keyed depress Clear button and repeat this step from its beginning).

4. Depress decimal point key (whole number will be entered
into location desired and location counter should be advanced to next
location).

5. Depress Enter key (visual readout will be cleared).

6. To enter additional whole numbers only in consecutive loca-
tions repeat steps 3 through 6; in non-consecutive locations,steps 1
through 6.

To enter fractional numbers only:

1. Set location counter as described previously.

2. Depress Number button (Number indicator will light).

3. Depress plus or minus sign key, followed by decimal point

~key and up to 11 numeral keys representing decimal digits (corresponding
numerals are displayed on visual readout as numeral key is depressed,
if wrong character has been keyed depress Clear button and repeat this
step from its beginning).

4. Depress Enter key (fractional number will be entered into
location desired, visual readout will be cleared, and location counter
will be advanced to next location).

5. To enter additional fractional numbers in consecutive locations
repeat steps 3 and 4; in non-consecutive locations,steps 1 through 4.

To start computer (unless specified otherwise in test):

1. Check Ready indicator (should be lighted; if extinguished,turn
on power).

2. Check Compute, Output Error, Overflow Error, and Verify
Error indicators (should be extinguished; if lighted depress Error
Reset button).
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3. Check Fill Source indicator (should be lighted, if extinguished,
depress Fill Source button).

4. Place Operation switch in Continuous position.

5. Place Preset Stop switch in Off position.

6. Place Sense Switches B, C, and D down.

7. Place Transfer Stop sw1tch down.

8. Set Location Counter (using steps 3 through 5 of procedure)
to location at which program or routine starts.

9. Depress Start button (Compute indicator should light).

To stop computer, unless halted By error or programed stop,
depress Stop button (Compute indicator should extinguish).

To display contents of registers and rapid access loops on visual
readout:

1. Check Ready indicator (should be lighted, if extinguished,turn
on power).

2. Check Compute indicator (should be extinguished; if lighted,
depress Stop button).

3. Check Error (Output, Overflow, and Verify) indicators (should
be extinguished; if lighted,depress Error Reset button). -

4. To read out registers, rotate location selector knob until de-
sired register is indicated by arrow below knob and depress readout
button corresponding to display format desired; to read out rapid access
loops, rotate location selector knob until L or V loop is indicated, set
right Sector selector knob to any number 0 through 7 according to last
octal digit of loop address to be displayed, depress readout button cor-
responding to display format desired. (For characteristics of display
formats, see Operating manual).

5. To display additional registers or loop locations repeat step 4.

To display contents of main memory locations on visual readout:

1. Repeat steps 1 through 3 of register and loop display pro-
cedures, -

2. Rotate location selector knob until M is indicated by
arrow below knob, set both Channel and Sector selector knobs to channel
and sector locations, respectively, to be displayed, then depress readout
button corresponding to display format desired. (For characteristics
of display formats, see Operating manual.)

3. To display additional main memory locations, set Channel and
Sector selector knobs to location to be displayed and depress readout
button of display format desired.
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Typewriter Operating Procedure

Typewriter operating procedures are the same for preparation of
paper tape with control codes as for direct input and computer control
except as indicated.

To apply power to typewriter (computer power need be turned on
only if typewriter is to be used for input and output), turn switch on
circuit breaker at front of desk and switch typewriter on (if type-
writer is to be used for tape preparation,power switch on paper tape
punch must also be turned on).

To prepare typewriter for operation:

1. Check for proper setting of tab stops, line space lever, paper
guides, margin stops, paper release lever, and tab override switch
(see Input-Output Service Manual or User's Service Guide for identifi-
cation and description of controls). Carriage setting limits are scale
5 on left and scale 95 on right.

2. Place Computer-Manual Punch switch on paper tape punch in
Computer position (if typewriter is to be used for tape preparation,
place Computer-Manual Punch switch in Manual Punch position).

To set location counter from typewriter:

1. If Compute indicator is lighted, depress Stop Button on control
console.

2. If Output Error, Overflow Error, and Verify Error indicators
are lighted, depress Error Reset button on control console.

3. Depress Fill key on typewriter.

4, Depress Letters Shift key.

5. Depress L key (location indicator on control console should
light). - '

6. Depress Figurés Shift key.

7. Depress in proper sequence the numeral keys corresponding to
the location in which it is desired to enter information, consisting of four
octal digits for the channels and sectors desired and one binary digit
to indicate the first or second half of the sector (a zero for first and
a one for second half, usually a zero). (Numerals are not displayed on
the control console visual readout butcanbe checked on typewritten
copy before entry; if a wrong character has been typed,depress X key
on typewriter and repeat this step from its beginning).
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8. Depress Carriage Return (location will be entered into
computer and location counter will indicate location set up -- location
counter indicator is read by adding numbers beside lighted neons).

To enter commands from typewriter:

1. Prepare typewriter for operation.

2. Set location counter.

3. Make certain Fill key on typewriter is depressed.

4. Depress Letters Shift key.

, 5. Depress C key (Command indicator on control console should
light).

6. Depress Figures Shift key.

7. Depress in proper sequence the typewriter keys necessary for
the pair of commands desired, consisting for each command of a sign,
two octal digits for the operation code, four octal digits representing
the address or other information, one binary digit (zero or one) for half-
word sector indication or other information (the various meanings of sign,
address, and half-word indicators are explained in the Operating manual);
characters are not displayed on the console visual readout but can be
checked on the typewritten copy before entry, if a wrong character has

been typed depress X key on typewriter and repeat this step from its
beginning.

8. Depress Carriage Return (pair of commands will be entered
into location desired and location counter will be advanced to next
location).

9. To enter Additional commands in consecutive locations repeat
steps 7 and 8; in non-consecutive locations, steps 2 through 8.

To enter mixed numbers from typewriter:

1. Prepare typewriter for operation.
2. Set location counter.
3. Make certain Fill key on typewriter is depressed.

4. Depress Letters Shift key.
5. Depress N key (Number indicator on control console will
light).

6. Depress Figures Shift key.

7. To enter whole-number portion, depress plus or minus sign
followed by up to 11 numeral keys representing decimal digits (numerals
are not displayed on control console visual readout but may be checked
on typewritten copy before entry, if a wrong character has been typed
depress X key on typewriter and repeat this step from its beginning).
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8. Depress decimal point key on typewriter (whole number should
be entered into location desired and location counter should be advanced
to next location).

9. To enter fractional-number portion, depress up to 11 numeral
keys representing decimal digits (numerals are not displayed on control
console visual readout but can be checked on typewritten copy before
entry, if a wrong character has been typed depress X key on typewriter
and repeat this step from its beginning).

10. Depress Carriage Return (fractional number should be entered
into location following whole number and location counter should be
advanced to next location).

11. To enter additional mixed numbers in consecutive locations
repeat steps 7 through 10, in non-consecutive locations steps 2 through 10.

To enter whole numbers only:

1. Prepare typewriter for operation.
. Set location counter.
3. Make certain Fill key on typewriter is depressed.

4. Depress Letters Shift key.
5. Depress N key (number indicator on control console should
light).

6. Depress Figures Shift key.

7. Depress plus or minus sign followed by up to 11 numeral keys
representing decimal digits (numerals are not displayed on control console
visual readout but may be checked on typewritten copy before entry; if a
wrong character has been typed depress X key and repeat this step from
its beginning).

8. Depress decimal point key on typewriter (whole number should
be entered into location desired and location counter advanced to next
location).

9. Depress Carriage Return.

10. To enter additional whole numbers only in consecutive locations
repeat steps 7 through 9; in non-consecutive locations,steps 2 through 9.

To enter fractional numbers only:

1. Prepare tyepwriter for operation.

2, Set location counter.

3. Make certain F'ill key on typewriter is depressed.
4. Depress Letter Shift key.

5

Depress N key (number indicator on control console should
light).
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6. Depress Figure Shift key.

7. Depress plus or minus sign key followed by decimal point key
and up to 11 numeral keys representing decimal digits (numerals are not
displayed on control console visual readout but may be checked on type-
written copy before entry; if a wrong character has been typed, depress
X key and repeat this step from its beginning).

8. Depress Carriage Return (fractional number should be entered
into location desired and location counter advanced to next location).

9. To enter additional fractional numbers only in consecutive
locations, repeat steps 7 and 8; in non-consecutive locations,steps 2
through 8.

To enter alphanumeric information:

. Prepare typewriter for operation.

Set location counter.

. Make certain Fill key on typewriter is depressed.

. Depress F key.

. Depress eight alphanumeric character keys (characters are
not displayed on control console visual readout but may be checked on
typewritten copy before entry.

UL W v+

6. Depress Carriage Return (unless format change is desired in
which case depress C as the ninth character, then Carriage Return).

7. To enter additional alphanumeric words in consecutive locations
repeat steps 5 and 6; in non-consecutive locations steps 2 through 6.

To start Compute mode from typewriter:

1. Check Ready indicator on control console (should be lighted; if
extinguished, turn on power).

2. Check Compute indicator (should be extinguished; -if lighted,
depress Stop button on control console).

3. Check Error (Output, Overflow, and Verify) indicators (should
be extinguished; if lighted,depress Error Reset button on control console).

4. Place Operation, Preset Stop, Transfer Stop switches, and
Sense Switches B, C, and D in desired positions.

5. Set location counter.

6. Depress S key on typewriter (make certain Fill key on type-
writer is depressed before depressing S key; Compute indicator on
control console should light).
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To halt compute mode from typewriter (unless halted by error

condition or programed stop) can not be done without causing an output

error.

508-T-6

NOTE

S code alone at end of information on tape will
initiate computer operation; from location set
in location counter H code alone following in-
formation on tape halts tape reader.

In all modes of tape preparation, information on
the tape must consist of a minimum of seven
characters between Carriage Return and/or
Decimal Point codes which enter the information
in memory, and between Carriage Return and/
or Decimal Point codes and any of the control
codes, such as Halt or Start. This procedure
ensures proper recording of the information in
memory. A blank may be substituted for any

of the seven characters.

When entering a mixed number or a number
consisting of only a fraction, a minimum of
five tape sprocket holes must be punched be-
tween the Carriage Return code and the next
number. The additional sprocket holes ensure
sufficient time to convert the fractions to their
internal representation. A special key on the
typewriter punches these sprocket holes, one
sprocket hole is punched each time the blank
key is depressed.

A leader at least two folds in length should be
prepared at the beginning of a tape by depress-
ing the Tape Advance button on the punch con-
trol panel.
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Paper Tape Reader Operating Procedure

To operate in Fill mode:

1. Turn canister locking handle counterclockwise to unlocked
position (down).

2. Pull canister off pins.

3. Place folded tape in canister on spring clips so that beginning
of tape extends downward from carrying spring clips.

4., Thread tape around pins on bottom of inside of canister, up
right side (when facing open canister with its top up), around pins on top
of inside of canister, and down through guide jaws in center of canister
(draw tape taut and sufficiently far through guides to enable refolding
procedure of read tape to begin properly; ends of tape may be spliced
to form continuous loop if desired; if a loop is formed, the tape can be
advanced to the starting point from any place on the tape by depressing
the Tape Advance button on the tape reader panel).

5. Replace canister on tape reader over pins.

6. Turn canister locking handle clockwise to locked position (up).

7. Depress keyboard fill source button, if necessary, to light the
keyboard fill source light.

8. Depress Fill button on tape reader panel (tape will feed through
reader until (1) end of tape passes through read head, (2) the reader
detects an S or H code, or (3) the Stop button on the tape reader panel
is depressed).

To operate in Verify mode:

1. Place tape in canister as outlined in steps 1 through 6 under
Fill mode procedure.

2. Depress keyboard fill source button, if necessary, to light the
keyboard fill source light.

3. Depress Verify button on tape reader panel (tape will feed
through reader until (1) end of tape passes through read head, (2) a
Verify error is detected, or (3) the Stop button on the tape reader panel
is depressed).

To splice tape, when repairing or forming loops:

1. When repairing tape, repunch deleted information on new tape,
preceding and following repunched section with at least two inches of
""code delete'' code (splice can be in middle of word without disturbing
program; this step unnecessary when forming loop if leaders are long
enough).
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2. Cut one section of tape between 2'" and 6-1/2" from last fold
(tape should be cut squarely through a sprocket hole rather than on
diagonal).

3. Place uncut section under cut section, maintaining 8-1/2" %
1/32'" between folds, and mark uncut section with pencil (using cut
section as template).

4, Cut uncut section on a sprocket hole such that overlap will
contain two complete sprocket holes when splice is completed.

5. Clean tape ends with acetone to remove excess oil and dirt.

6. Apply household cement or plastic cement on both surfaces to
be joined and press firmly together (sprocket holes must coincide and
edges of tape must be parallel; thickness of splice must not be greater
than 0.010" at any point).

7. Remove excess cement from sprocket and information holes
with pointed instrument.

8. Allow splice to dry at least 10 minutes before using tape.

Paper Tape Punch Operating Procedure

Punch operating procedures are the same for preparation of tape
manually from the typewriter as for direct output from the computer,
except that for tape preparation the Computer-Manual Punch switch is
placed in Manual Punch position and for output it is placed in Computer
position.

To apply power to punch, computer power need not be turned on
unless punch will be used for output, turn switch on circuit breaker at
front of desk and switch for the punch on.

To prepare punch for operation:

1. Load punch with paper tape as directed on rear of tape punch
front and rear canister doors.

2. Place Computer-Manual Punch switch in proper position ac-
cording to function to be performed.

3. Place Punch-External switch in Punch position.

4. Depress Tape Advance button to punch leader of sprocket holes
only (leader should be sufficiently long to enable at least one .fold in tape
to lie properly in lower left corner of front canister. During operation
tape feeds and stops automatically under both computer and typewriter
control).
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5. After punching of tape is completed, depress Tape Advance
button to punch leader of sufficient length to enable at least one fold of
tape to lie properly in lower left corner of front canister.

6. Tear off tape and remove from canister as directed on canister
door.

NOTE

It is wise to punch an H (halt code) at the end
of the tape, so the photoreader machine will
halt when the tape is read into the machine.
This is done by switching the computer-
manual switch to the manual position and de-~
pressing the H key on the typewriter. The
computer-manual switch should be returned
to the computer position.
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LOGIC DESCRIPTION

GENERAL

The technical world is witnessing a revolution in the field of mathe-
matical computation that is rapidly and radically affecting all of man's
science, technology, and mechanics. The great advance in technology is
akin to the industrial revolution of the 18th and 19th centuries. This
technical revolution was initiated by the recent introduction of mechanical
computers. Because of the electrical nature of present-day electronic
computers, these machines can process in a few milliseconds involved
mathematical problems so lengthy and complicated as to be heretofore
entirely beyond the scope of human operators. A wide and ever-increasing
variety of mathematical problems is now subject to quick and accurate
resolution, the results of which are directly applicable to the physical
sciences. With the advent of the electronic computer, man has achieved
an advantagé over his environment that will increasingly enable him to
understand and control his environment.

Basic Operation

The RECOMP II in its basic operation performs in the simplest
mathematical processes. A reasonably complicated numerical calcula-
tion is broken down into its basic elements and the resulting primary
computations are performed by computer internal logic. These com-
putations could be accomplished as well by any literate person; the one
element that enables RECOMP II to out-calculate any human operator is
its speed. In one eight-hour period a modern digital computer is capable
of performing a block of calculations that could not be solved by the
effort of all living mathematicians and their descendants all similarly
trained in many thousands of years.

Computer Analysis

At first glance a computer is a very complex device. To simplify
an analysis, figuratively divide the concept into two parts: one consists
of its components, mechanical and electronic; the other treats of its
functions. The first is made up mostly of commonly known electronic
elements such as resistors, condensers, diodes, and transistors, all
fabricated on plug-in printed circuit boards; specialized elements
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include nixie neon tubes for readout display, a rotating magnetic oxide-
coated memory disk, read and write heads that function in conjunction
with the memory disk, and input-output equipment such as the electric
typewriter, the tape punch, the tape-reader, and the control console.
Other manuals treat the specific physical components of the computer.
The explanation that follows will be principally concerned with the func-
tional concept of the computer, namely, the function of its electronic and
mechanical elements in an integrated system capable of handling mathe-
matical problems and computing required results.

Classes of Operations

Any operation that can be reduced to simple logic or arithmetic can
be handled by the RECOMP II. There does not seem to be any theoretical
limit to the types of problems that it can handle. Although it is some-
times difficult to reduce a given problem to its primary elements for in-
sertion into the computer, problems have been found to fall into distinct
classes to which solution methods have been previously worked out
(frequently by the use of the computer itself) and recorded in specific
computer programs. The work of analyzing a complex problem may be
frequently reduced to identifying it within its class, after which an
operation is performed by the application of an available program or com-
bination of programs. The latter is the work of the programer who
usually operates the computer, prepares the programs, and resolves the
problems.

Because a digital computer is an information processing device,
processing is the only operation it can perform. It cannot create any
information. It may transform the input information into a more useful
form or it may decide the mode of process operation, basing its decision
upon the result of intermediate calculations; but the information that
permits the machine to make such a decision is the work of the pro-
gramer and must be programed into the machine at the outset of the
computation.

The input to be processed may be the statement of a mathematical
problem, rules governing the mathematical operations to be performed
(commands), and the data to be operated upon. The digital computer is
able to handle as wide a variety of problems as the programer is able to
prepare for computer processing, but in every case the computer simply
processes the input data according to a programed format specified by
the operator and in a manner compatible with its internal logic circuitry.
The computer makes use of more than one source of information during
the processing; the input data, the list of operating instructions, and
any intermediate commands for changing processing procedure based
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upon results of calculations. Mathematical processes are partly built
into the wiring of the computer as inalterable mathematical rules and
partly entered as instructions for a particular problem. Information
processing is performed by rearranging information from one relation-
ship at the input to another at the output, not only in mathematical con-
figuratién but also in the dimension of time. In presenting a problem to
the computer, a program or list of instructions is entered and subse-
quently the data on which the operations are to be performed. The
computer must be able to remember the instructions until it receives
the data, and because most of the operations cannot be performed
simultaneously a continued use of memory or information storage is
required.

Information Switching and Information Storage

Two functions are basic to the computer; information switching
and information storage. Switching is the mathematical arrangement
of information within the computer; information storage is the timed
sequence handling of the information. Switching and storage in the
computer are closely related and, in many functions, interrelated and
interdependent. Most of the computer switching devices (flip-flops,
gates) contain elements of memory or of information storage, and most
of the storage devices (loops, memory disks, delay flip-flops) require
switching mechanisms for access. Most switching and storage devices
are binary in physical nature; ON or OFF. They exhibit two stable
states. Consequently the computer is based on the binary system of
numbers one and zero.

Digits

A digital computer uses digits or numbers. The basic computational
process of RECOMP II operates through the use of binary digits, one and
zero. These two digits arranged in an ordered configuration stand for all
numbers, signs, factors, and commands necessary to the solution of any
given problem. In computer terminology, digits refer to numbers,
whether binary, octal, decimal, or of other mathematical description.

In binary notation, a single binary digit is known as a bit. A group of
digits (specified number) is known as a word. A group of several digits
or bits, whether representing numerals or alphabetical letters, is also
knownas acharacter. A word may consist of several characters.

Subassembilies

In examining the basic mechanisms involved in a computer the
machine and the computational process were viewed wholly. To analyze
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the computer in detail, it is desirable to group the switching and storage'
elements into subassemblies which perform specialized functions in terms
of the flow of information through the machine. First, the programer
(operator) must get information into and out of the computer. This re-
quires input and output devices which operate through input and output
channels and incorporate both storage and switching functions. Input
devices consist of typewriter, tape reader, keyboard; output devices
consist of typewriter, tape punch, Nixie readout. Second, the operation
to be performed on the input data is either logical or arithmetic and
requires a logical and arithmetical unit (which is referred to in RECOMP
II as a register). Third, instructions and intermediate data are stored

in a storage device or memory. In RECOMP II, the storage device is a
rotating magnetic oxide-coated disk upon the surface of which is mag-
netically inscribed the required digital information to be electronically
recalled as required. Fourth, a control unit is required in computer
operation. Control largely involves switching, but elements of timing are
also necessary. The control portion of RECOMP II contains counters to
keep track of the computational steps being performed, registers to direct
the information along the proper logical paths, and a timing device known
as the clock to synchronize the entire operation of the computer,

Programing

Programing is the fifth element of the computer concept. Pro-
graming is the direction of the control unit by the operator. Fixed
programing is the part of the program built into the circuitry of the
computer and available in modes to the programer. Once started along
a certain control path, the computer will proceed through a fixed series
of operations to a final result, processing the information fed into the
machine in a rigid and predetermined manner. By selecting various
fixed modes of control, the programer is able to cause some of the
program steps to sample intermediate data, to transfer control to selected
control points, to skip steps in programing if certain calculations occur,
to stop the program, and to store in memory or in recirculation loops.
The machine simply operates as directed and uses the result of its com-
putations to perform certain other operations prescribed in advance.
The term ''programing' refers to those phases of the planning of a pro-
blem that consist of recording the steps required, the intermediate
sampling of data desired, and the way in which the solution steps are to
be altered as a result of this sampling.

Stored Program

The stored program consists of a coded notation of instructions in
acceptable form for entry into the computer and which is entered with
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the data alternately and in a programed sequence in such a manner as
to operate upon the data to resolve the problem and produce an output
in desired form.

Instructions

An instruction consists of two parts; an operation part which in-
structs the computer what to do, and an address part which designates
the specific portion of memory in which to store information or from
which to read information. The instruction contains the address code
of the word upon which an operation is to be performed rather than the
word itself. This simplifies the substitution of data, permitting the
stored data to be changed without in any way changing the instructions
and vice versa. Computers constructed on this principle are known as
single-address machines. RECOMP II is a single address machine.
RECOMP II does not require a program counter since it takes instruc-
tions in the order in which they are listed unless a transfer of control
is specified as an instruction.

There are a number of kinds of operation that RECOMP II can
perform (the list of operations is available in a separate operating
manual)., They are coded for convenience in entering them into the
computer and are referred to as commands. They may be classified
into several logical categories: (a) instructions relating to input and
output devices, (b) instructions enabling the operator to store information
in memory.or to recall it as desired, (c) mathematical instructions such
as to add, subtract, multiply, and divide, (d) control transfer operations
and halt commands. The stored program method of operation used in
RECOMP II provides an ability to operate on the instructions
as though they were ordinary data. This means that the entire course of
a computation can be altered including the operations themselves, the
choice of data upon which the operations are to be performed, and the
location in memory at which the results are to be stored. These changes
can all be done on the basis of the results obtained in the course of the
calculations to resolve the problem.

The programer need not write out every operation that he wishes
the machine to perform. He may work out procedures for portions of
the problem and then arrange a master program employing these
'subprograms'; the machine modifies and adapts these subprograms as
required during various stages of problem solution.
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Summary

Programing in its advanced form is certainly an art. Much of
the apparent complexity of the computer resides in the program rather
than the machine itself. A large number of basic and specialized pro-
grams have been worked out for RECOMP and new programs are con-
stantly being devised for application in the ever-increasing variety of
fields.

Programing has been briefly explained in this introduction because
of a need to know some of its basic concepts in an approach to the under-
standing of the logic elements of the computer. Conversely, an intimate
knowledge of the logic elements of the computer will broaden the pro-
gramer's ability to use the computer as a useful tool to its fullest
capacity.

LOGIC EQUATION ANALYSIS

This section contains an analysis of the logic of RECOMP II in all
modes of operation. It includes an analysis of computer timing, control,
and information handling including input/output functions, and an exam-
ination of the system tester as it is utilized to determine the functional
condition of the logical elements within the cotputer. Simplified data-
flow diagrams are provided to facilitate a ready understanding of the
logic functions; engineering drawings and schematics are available in
Manual 508-T-11 for detailed reference to the circuitry and for point-
to-point signal tracing.

The logical design of RECOMP II was achieved entirely by applica-
tion of Boolean algebra; in this section all functional computer processes
will be explained on the basis of this technique. For those who are
familiar with this notation, a recognition of the notational style is all that
is required to understand the equations that follow; for those who are not
accustomed to Boolean representation of logic circuitry, and for clarifi-
cation of the style of notation used in this manual, the following general
conditions are expressed:

Flip-Flops

Flip-flops are bistable electronic switches whose two stable states
are designated TRUE and FALSE:

>— TRUE —>
) FALSE >
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A flip-flop is considered set to a true state and reset to a false
state:

SET P TRUE —
RESET p— FALSE —~

Each flip-flop is symbolized by a letter of the alphabet, for exam-
ple, the sum flip-flop, S. Flip-flops are more specifically identified by
a modifying subscript as in the case of one term of the input/output
register, F5. The true and false states of a flip-flop are described
respectively by the upper-case letter (with modifying subscript) as in
the example F 5 and its prime notation, Fg' (F -five-prime).

F TRUE
F_! FALSE

When the flip-flop is set to the true or false state, it is identified
by a function symbol specified by lower-case letters preceded by a '"one"
or '"zero' written as follows:

1f5

Of5

When relating the flip-flop state to the binary number for which it
stands (one or zero), it may be useful to make an analogy to a child's
teeter-totter: when the flip-flop is set to the true state and the F_ ''end"
is up, then F_ = 1; at the same time the F_' ""end' is down and F_' = 0.
Conversely, when the flip-flop is reset to t'?le false state and the ?E‘ !
'"end" is up, then Fg' = 1; at the same time the Fg ''end" is down an
F_=0. By application of simple logic, for a given flip-flop state
(true or false), when one term of the flip-flop equals one, the other
must equal zero; change the state of the flip-flop and the terms exchange
values -- the first term becomes equal to zero and the second term
becomes equal to one.
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The designation 1f5 translates in linguistic form to '"one-set-F-
five'; 0f5 translates to ''zero-set-F-five'. Specified input conditions =
are required to effect a one-set or zero-set operation, and these con-
ditions are represented by equations as in the examples that follow:

f

15 = K5 I4 Tpp translates to: one-set F-five by K-five and
f I-four and T-p-p
05 = Zl' N6 translates to: zero-set F -five by Z-one-prime

and N-six.

There may be a single specified input condition to effect the setting
or resetting of a given flip-flop, but there areusually multiple conditions
deriving from various computer functions. These multiple conditions
are expressed by either the logic 'and' sign () or the logic "or'" sign
(+), or both in combination, and may be found for any particular func-
tion in the listing of logic equations includéed in this manual. The logic
"and' sign (- ) is not written between the terms of a conditional equation
but is understood:

f

. . £
15 = K5-I4- Tpp is written 1'5 = K514Tpp

Amplifying the previous example:

f - 1 t
15 = KT +2Z N +F,'F'F C, + (etc)

£ )
05=2 'N +N, +

1 Ng + (etc) (from Appendix II, Logic

P _T
d3"40 Equations)

This is read as one-set F-five by K-five and I-four and T- OR

PP
Z -one and N-six OR F-four-prime and F -three-prime and F -one and
C-t OR (etc).

The step beyond linguistically forming the equational conditions
of the computer logic is to interpret the symbols of the functions: Fg
is one of five input-output register flip-flops; K_ is one of the input
channel switches; I, is a flip-flop that signifies one of the five opera-
tional states of the computer; T _ is the tape-punch-pulse flip-flop.

In a final interpretation of the equation 1fs5 = K’514Tpp’ the number five

flip-flop (F) of the input-output register is one-set by the TRUE state
of the nun.ber five input channel switch (K5) when the computer is in 14

state of operation and the tape-punch-pulse flip-flop is also in the TRUE
state.
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An interpretation and brief analysis of the conditional terms in the
above examples as well as for all RECOMP f{lip-flops, registers, counters,
etc, may be found in Appendix III, Circuit Board Charts.

Timing

The computer functions in a serial progression and the functions
are initiated by a series of timing pulses. All flip-flop state changes
are 'triggered' by these pulses called "CLOCK!' pulses. The timing
pulses occur at regular intervals (t., t_, t,...........tot, ) and are
known as ''bit'' times written as the equational term "C'. An equational
condition coincident with a clock pulse (C) changes a flip-flop to the
state indicated for the following bit time (t + 1). All equations have as

a final term, whether written or not, the clock term (C): 115 = K5I4TPPC.

This form of computer timing is known as synchronous timing.

Gates

The decision elements in the computer are comprised of diode
"gates.'" Two types of diode gates operate to interpret data and transmit
control signals: these are described as "AND' and "OR' gates. An AND
gate requires all of its inputs to be true in order for its output to be true,
An "OR' gate requires at least one of its inputs to be true in order for
its output to be true. Diode AND gates contain anywhere from two to
nine input terms (including the enabling clock pulse). As many as twenty
OR gates are-used to trigger any one flip-flop. An AND gate is indicated
by the symbol - . An OR gate is described by the symbol H>- con-
taining an interior plus sign.

Boolean Algebra

For ease in understanding simplifications of Boolean equations,
several useful relationships are presented. Truth tables, following,
serve to verify (a) through (k). The fundamental laws (1) through (p) are
stated here without proof.

(a) A0O=0
(b) A+0=A
(c) Al=A
(d) A+1=1
(e) AA = A
(f) AA'=0

(g) A+A'=1
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(h) A+ AB=A

(i) A+A'B=A+B
(j) (AB)'= A'+ B!
(k) (A +B)'= A'B!
(1) AB = BA
(m)A+B=B +A
(n) A (BC) = AB(C) = ABC

(o) A+(B+C)=(A+B)+C=A+B+C
(p) A(B +C) = AB + AC Distributive Law

l DeMorgan's Theorem
Commutative Law

l Associative Law

(a) (b) (c) (@) | (e) | (£) (g)
A | A ] A0 A+0 Al |A+1 | AA |AA' | A+aAr

0 1 0 0 0 1 0 0 1

1 0 0 1 1 1 1 0 1

(h) (1) () (k)
A BA' B AB A+AB A'B A+BA +A'B(AB)'A'+ B' (A +B)' A'B!

001 1 0 0 0 0 0 1 1 1 1
01 10 o 0 1 1 1 | 1 1 0 0
1 0 01 0 1 0 1 1 1 1 0 1
11 00 1 1 0 1 1 0 0 0 0

When two Boolean functions, A and B, are so related that A is true
whenever B is true, though not necessarily conversely, then we say that
A is included in B, written A=B. If also BeA, then obviously A = B,
‘From the preceding truth table, we see that AC €AB.

Example of Logical Equations: To illustrate the method of deducing
a set of logical equations, let us design a simple 3-stage binary counter
that increases by ''one'' whenever a clock pulse is received up to a count
of 7, resets itself to zero and repeats the process, ad infinitum. Table
4 shows the truth table for such a counter, where flip-flops X3, Xz'
and X; contain the bits in descending order of significance.

42 508-T-6



Table 4. Truth Table for 3-Stage Pulse Counter

Time t Time (t + 1)
X3 Xz X1 X3 XZ X1
0 0 0 0 0 1
0 0 1 0 1 0
0 1 0 0 1 1
0 1 1 1 0 0
1 0 0 1 0 1
1 0 1 1 1 0
1 1 0 1 1 1
1 1 1 0 0 0

It is observed from table 4 that if ’Xl = 0 at time t, then X; = 1 at time
t + 1. In other words Xj is set to the true state whenever it is in the
false state, X;', and a clock pulse, C, is received, or

11 = X, 'C

Similarly, X. is set to the false state whenever it is in the true state,
Xl’ and a clock pulse is received, or

Further, X_ is changed to the true state when it is false and X1 is true
and a clock pulse is received, or

X_. 1
1 Z-XZXIC

while X_ is changed to false when both itself and Xl are true and a clock
pulse is received, or

X
02= XZXIC

Finally, X3 changes to the opposite state whenever both X2 and X1 are

true and a clock pulse is received. The complete set of logical equations
for this counter are therefore:

508-T-6 : 43



X
X =X
fr ,'C
01 =X.C
1
X - 1
X,[1%2 = x,%,C
xX
0°2= X,X,C
e
x |1¥3=x_'x.X.C
3 3 271
— _
0°3 = X,X,X C

It may be noted that any stage in a binary counter changes state whenever
all less significant stages are true, or

X X .- '
all'n Xan-an-Z.”XZXlC

0n= Xan ) 1Xn ) 2...XZXIC

This means simply that adding a 1 changes the 0 in binary 0111111 to 1 or
the leading 1 in 111111 to O.

Summary

This, then, is the step-by-step analysis the engineer or technician
will follow in reading RECOMP II logic equations. He may devise his
own personal mental shortcuts and abbreviations in analyzing the equational
notations, and as his familiarity with the whole system increases, the
symbols will come to represent the elements of the computer circuitry,
operating conditions, and logic resolution. When a competent RECOMP II
maintenance engineer or technician is referred to the term I., he im-
mediately understands the reference to be one of the operational states of
the computer, the first step in a master sequence control which involves,
among other things, a selection of the required command pair from mem-
ory and the gating of the command pair into the Z-register. There are a
large number of flip-flops (approximately 180), gates (more than 10, 000),
and numerous other elements and functions designated by letters and
subscripts connected with the computer logic. Because of the complexity
of their interrelationships and - interdependence, a thorough and intimate
knowledge of the majority of the symbols and even of a large number of
the more common multiple-symbol configurations used as conditional
terms in the logic equations is desirable in order that they may be readily
identified on sight. Working daily with the equations will lead to an
understanding more easily than may be at first anticipated. It has been
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found by an ever-increasing number of engineers and technicians that
the logic notational form is by far the least complex and the most
articulate method of logic circuit description. A compendium of logic
equations representing all logic functions within the computer will be
found in Appendices I and II of this manual. Further knowledge of
Boolean algebra and boolean relationships may be found in Montgomery
Phister's LOGICAL DESIGN OF DIGITAL COMPUTERS published by
John Wiley & Sons, Inc, New York and London.

COMPUTER CHARACTERISTICS

RECOMP 1II is a general-purpose digital computer that performs all
internal operations in the binary number system. The memory is a
rotating magnetic disk, and input equipment consists of a photoelectric
paper tape reader, an electric typewriter, and a control unit keyboard.
Output information jmay be punched on paper tape, typed, or displayed
on the control panel visual readout. All computer circuits are transis-
torized and diodes are used for logic gating.

Memory

The magnetic disk memory unit provides basic timing channels,
arithmetic registers, rapid access loops, and information storage
channels.

Information Storage

Sixty -three channels, each containing 64 words of information and
one channel containing 48 words comprise the 4080-word addressable
main storage. This portion of the memory permits nonvolatile informa-
tion storage. The magnetic oxide-coated disk surface retains stored
information until erasure is desired, even during power interruptions or
power -off condition. Words in memory are addressed by four octal
digits from 0000 to 7757. The first two digits identify the memory
channel; the last two denote the sector or word within the channel. The
average access time to stored information is one-half a disk revolution
or approximately 9.0 milliseconds.

Rapid Access Loops. In order to provide rapid access to stored
information, two high-speed recirculation loops, L and V, of eight
words each are available in programing. Loop addresses are indicated
from octal 7760 to 7767 and from 7770 to 7777, respectively. The least
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significant digit specifies which of the eight words in a loop is addressed.
Access to loop information averages 0. 95 millisecond. Information con-
tained in the loops is volatile, subject to erasure during power interruption
or power -off condition.

Arithmetic Register. Five recirculating loops or registers, each
containing one word, are located on the memory disk, The A-register
or accumulator stores the result of any arithmetic operation, The R -
register stores the remainder in division, the least significant half of
a double-length product or dividend, or the exponent of a floating-point
number. The Z-register contains the command pair being obeyed at a
given time. The B-register holds the number whose address is found
in the command. The R -register holds the exponent of a floating -point
number. The B and Z-registers are not directly accessible to the
programer,

Timing Channels. Two permanently-recorded tracks on the disk
provide basic timing controls for the computer operation. The clock
channel contains a sine wave with a nominal frequency of 151 kc, at the
nominal motor speed of 3450 rpm. After wave shaping this results in
2624 equally-spaced pulses which control the triggering of logic gates on
the inputs to the flip-flops. Clock pulses are denoted by the letter C in
the logic equations. The origin channel has a single pulse that serves as
a reference for the nonvolatile storage by resetting counters used in
memory addressing.

Word Format
A word consists of 41 bits (binary digits) which may represent.
either numerical quantities to be operated upon or computer commands
that specify the operations to be performed. The right-most bit is used
for memory synchronization and is not available in programing. The
word formats for numerical quantities and commands are shown in
figure 10.

Numbers. If a word contains a numerical quantity, the left-most
bit stores the sigh (1 if plus, O if minus) followed by the absolute value
of the number as shown in figure 10. Normally, the computer assumes
the binary point to be between the sign and the most significant bit (i. e.,
numbers are considered less than 'one'' in absolute value).

Commands. Single-address commands are stored two to a word.
Each command has a sign bit, an operation code of two octal digits
(6 bits), and an address containing four octal and one binary digit
(13 bits) as shown in figure 10. The sign associated with a
command has no effect on its execution except when sense switches are
used. The operation code determines the arithmetic or logic operation
to be performed. The address portion is the memory location of an
operand for arithmetic commands, the number of binary shifts for a
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shift command, the octal code for punching and printing, or it has no
significance at all. For arithmetic commands, the four octal address
digits refer to the memory channel and sector of the operand. Depending
on whether it is a 0 or 1, the additional bit specifies the first or second
command in a word. This command indicator bit is significant only in
the address of transfer-of-control and partial substitution commands.

Command List

The commands available in RECOMP are shown in table 5 with
their octal operation codes, execution times, and explanatory notes.

Table 5, RECOMP II Commands

Word Numerical Operation
Times Code ~ Symbol Operation

Fixed -Point Arithmetic

1+T 00 CLA w Clear and add. (w)—=—A
2+ T 01 ADD w Add. (w) + (A)=A
1+T 02 CLS w Clear and subtract. - (w)=A
2+ T 03 SUB w Subtract. (A) - (w)—=A
40+ T 13 MPR w Multiply and round. (w) X (A)>A
40 + T 11 MPY w Multiply (unrounded). (w) X (A)—
A, R
42 + T 21 DSR w Divide single length and round.
(A)/(w) —=— A
41 + T 20 DSL w Divide single length (unrounded).
(A)/(w)="A,R (rem)
42 + T 23 DVR w Divide (double length) and round.
(4, R)/(w)=A
41 + T 22 DIV w Divide (double length unrounded).
(A, R)/(w)=™A,R (rem)
1+ T 60 STO w Store. (A)=>w
* 42 STA w Store address. (A)a—»wa
2+n 40 ARS n Accumulator right shift. Shift (A) n
right, sign untouched.
2+n 41 ALS n Accumulator left shift. Shift (A) n
places to the left, sign untouched.
42 + T 25 SQR w Square root. I/ (w)—=A.

*Main Memory: 32 + T; Rapid Access Storage: 4 or 8 + T write
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Word Numerical

Times

Code

Operation
Symbol

Floating-Point Arithmetic

1+T
5+D+T

1+T
5+D+T
46+ D + T
47+ D + T

1+ T
43+ S+ T
2+n

Input - Output

1 + 2N*

30

04

34

06

07

05

35
44

45

71

73

36

74

72

76

14

12
16

FCA w
FAD w
FCS w
FSB w
FMP w
FDV w

FST w
FSQ w

FNM

RDY w
RDZ w
DIS w

PNC n
TYCn
PTCn
PNW w

TYW w
PTW w

Operation

Floating clear and add (w,w + 1)=
A,R., A
Floating add. (w,w + 1)+ (A,R)>
A,R.
Floating clear and subtract.
- (W’W + 1)'»A, R.
Floating subtract. (A,R) - (w,w + 1)

A,R.

Floating multiply. (w,w + 1) X (A,R)=
A,R.

Floating divide. (A,R)/(w,w +1)=
A,R. |

Floating store. (A,R)=» (w,w + 1),
Floating square root. /(w,w + 1)™
A,R,
Floating normalize. (A,R)
normalized.

Read from Y reader. Location
counter-set to w.

Read from Z reader. Location
counter-set to w.

Display. Display (w) on display
register. o

Punch character. Punch character
corresponding to n.

Type character. Type character
corresponding to n.

Punch and type character. Punch
and type character corresponding
to n.

Punch word. Punch (w).

Type word. Type (w).

Punch and type word. Punch and
type (w).

*N = Number of positions on the display register (excfuding initial sign)

activated by instructions.
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Word Numerical Operation
Times Code Symbol
Block T ransfers
7+ T 64 CTL w
7+ T 65 CFL w
7+ T 66 CTV w
7+ T 67 CFV w
Control
3 50 TZE w
3 52 TPL w
3 51 TMI w
3 53 TOV w
3 57 TRA w
3 54 TSB w
3 55 TSC w
3 56 TSD w
3 17 HTR w
Miscellaneous
1+T 33 EXT w
2 43 XAR
1+T 15 SAX

50

Operation

Copy to L loop. (w) to (w + 7) —
7760 to 7767.

Copy from L loop. (7760) to (7767)—= .
wtow+ 7.

Copy to V loop. (w) to (w + 7)—=
7770 to 7777.

Copy from V loop. (7770) to (7777)—=
wtow - 7.

Transfer on zero. If (A)=% 0,
transfer to w.

Transfer on plus. If (A) =+,
transfer to w.

Transfer on minus. If (A)S = -,
transfer to w.

Transfer on overflow. If overflow
occurs, transfer to w.

Transfer (unconditional). Transfer
to w.

Transfer on switch B. If on,

" transfer.

Transfer on switch C. If on,
transfer.

Transfer on switch D. If on,
transfer.

Halt and transfer. Stop computer
and reset location counter to w.

Extract. Erase all bits in A except
those in which corresponding bits
in w are ''ones''. : :

Exchange A and R. Interchange (A)
and (R).

Store and exchange A and X.
(A)—>w, interchange (A) and (X).
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w = memory location whose address is w
(w) = contents of w
= A-register
(A) = contents of the A-register
= R-register
(R) = contents of the R-register
X = X-register
(X) = contents of the X-register
w_ = address portion of memory location w

(A)a = address portion of the contents of the A-register
(A) = sign portion of the contents of the A-register

T = access time
D = difference in exponent parts of two floating-point numbers
n = number of shifts required by instruction

Timing Information

Main memory: 33.5 word times, average access time
Rapid Access Storage

Read: 3.5 word times average access time
Write: 5.5 word times average access time

1 word time: 0.27 millisecond

Basic Computer Operation

The functional operation of the computer may be regarded as shown
in figure 11. The solid lines represent information flow and the dashed
lines indicate functional control. Commands selected from memory con-
trol information flow and arithmetic processes.

Location Counter

The location counter is a 13-stage binary counter, designated GlZ’

Gll’ ce .GO which stores the memory address of the command. During

execution of a command,; the location counter is increased by 'one'' to the
address of the following command. This normal sequencing of the location
counter is broken only where a transfer-of-control command is to be
obeyed. The location counter is set initially when filling the computer.
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Control Unit

Command Register
Location Register

r
|
' - S GE—  Geseh e == = S=—— ey
| I T . N

' |
| | ! !
| ' ! '
| Y Y ¥
| Input Unit Arithmetic Unit Output Unit -
| |control Console }— |  "A" Register i Control Console
| Typewriter "R" Register ﬂ Typewriter
' Photoreadér: "B" Register Paper Tape Punch
' "X" Register

]

| Y
b e e e > Memory Unit

Figure 11. Functional Block Diagram of RECOMP II

Master Sequence Control

Normal computer operation requires that three different functions
take place successively (see figurel2). First, the word containing the
desired command is located and transferred from the memory to the
Z -register. This is called command selection, and is identified with
the true state of the timing flip -flop Il. Since Il involves the selection
of'a full word from memory, this function is not repeated for the second "’
command in a pair.

During the secondfunction, commandinterpretation, the word referred
to by the address of the command is located and transferred from memory
to the B -register. I, is the flip-flop as sociated with command interpreta-
tion. Third, the command is executed whereby the required arithmetic or
logical operation is-performed. Flip-flop I3 represents command execu-
tion. During execution of each command the location counter (G) is
augmented to its succeeding value unless a transfer-of-control command
is encountered. The master sequence control cycle is then repeated for
the new command pair and so on until a stop command or error turns
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Xy, Command (pair) Seleetion

/ I,, First Command Tnterpretation
o—= P

irgt Compand Execution

739
4 and augment location counter
o e
,Kz,, Socond Command Jntevpraetation
O g

logical

.. ar S
Commuta tion I,, Second Command Execution

and augment location counter
o

Figurel2. RECOMP Master Sequence Control Cycle

RECOMP to the noncompute state I4. The master control sequence is
initiated and the COMPUTE indicator is lighted by the control panel
START button or the '"S'"" character from the typewriter or the tape
reader.

Noncompute Modes

‘ Computer operation as described is suspended whenever flip-flop
I4 becomes true. During the I4 state, however, any of the following
input-output functions may be performed.

Fill Computer

Filling commands and numbers into memory and setting the com-
mand counter is accomplished through operation of any one of the input
devices; keyboard, tape reader, or typewriter,

Verify Input

Verification of internally stored information may be achieved by
comparison with the orginal input tapes. This function is performed

automatically by pressing the VERIFY button on the tape reader and
reading the tape.
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Readout

Visual readout of information stored in any memory position or
arithmetic register is possible in command, octal, or decimal format.
The three possible binary groupings which allow these formats are .
initiated by the three readout buttons marked DECIMAL, OCTAL, and
COMMAND.,

Timing Source

The memory clock channel furnishes clock pulses necessary for
all flip-flop triggering. Binary digit and sector counters and special
timing flip-flops maintain the proper memory-referencing index.

Origin Flip-Flop

The single pulse on the origin channel is sensed by a read head and
amplified by the origin pulse amplifier, X . X sets the origin flip-flop,
or’ “or

Xo’ which provides counter and timing flip -flop synchronization. After
being set to the true state by the origin pulse, Xo resets itself to the

false state during the bit time immediately following:

X 1¥0=X C

(o] or
X _ !

0 O_XOIC

Young Digit Counter

The Young digit counter provides the basic bit time and interval
information for the computer. The terms PZ’ P3, P4, P5 operate as a

shift counter; the terms P. and P, operate as conditional elements of

1 6
and in conjunction with the counter. Its specific design goal is minimal
logic, including the logic for associated timing flip-flops.

The memory reading and writing processes are serial operations,
proceeding from least to most significant bit. The Young digit counter
identifies each of the 41 bits within a given word and furnishes appropriate
signals for control and arithmetic operations. The Young digit counter
consisting of flip-flops Pl through P6’ counts clock pulses module 41.

The counting cycle is set to zero (bit time 1) by X or on completion

an entire counting cycle. Logical equations for the Young digit counter are
shown on the next page. :
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Py _ ' 1 1 1 1 1t
Pl 11-—P5 P1X0C+P6P5P4P3XOC

oP1=P P C+X C
571 o

SN '
P2 12—P1XOC

oP2-P.'\c+X C
1 o)

oFP3 = py'C

Py _ '
P4 14-P3X0C

oPa=-P. c+rXxX C
3 fo)

Pg _ |
P, | 1°5=P,X 'C

oPs5-=P 1c +X.C
4 o)

p ! ) 1 1
P6 6 = P6P5P4P P C

P6_
0 —T41ac

COUNTER LOGIC

It is observed in the logic for P1 (figure 13)thatP5'P1C one-sets

P1 at the proper points except for TZZ' The Xo flip-flop signifies the

memory reset point or origin. X ' allows the counter to count except

. . .
when being reset. P6 P5P4 P3 X C provides one-set of P1 at T21 C.

P5'P1C zero-sets P1 at the proper times and XoC zero-sets P

for primary synchronization.

1

The logic for P_ shows that it copies P1 except at the origin.

2
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The logic for P3 indicates a normal left shift. However, a question

may arise about the validity of omitting the XOC term in the zero-set logic.
This will be considered subsequently. The logic for P4 and P5 indicates
normal left shifting.

Observe in the logic for P, that at the end of each word time P, is

6 6

zero-set by T _C. When the counter is first turned on, P, may either be

41 6
a ''one' or a ''zero'. After a maximum of one word time, P, will be

. 6
forced back to the proper sequence by T4IC.
At this point, P3 and P6 logic will be considered in greater detail.
Note that the logic for both of these flip-flops does not contain the XOC

.term for resetting the counter. Therefore, the random settings of these
flip-flops, when the computer is first turned on, must be analyzed. The
cases possible at T1 (after the first origin pulse, XOC) are:

P, P, P, P, P, P
CASE I 0o o0 0 6 0 0
CASE II 0 0 0 1 o0 0
CASE III 1 0 0 P 0
CASE IV 1 0 0 1 o 0

Case I - This is the proper array T1 so no further discussion of
this case is required.

Case II - The following truth table is constructed using the counter
logic equations:

T, 0 0 o 1 o0 o0
T, O o 1 o0 0o 1
T, 0 1 0 o0 1 0
T, O 0 o 1 0o 1

At the count of 4 the counter is back in step.
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Case III

o)
o
Y,
(S,
v
NN
Y
w
e,
o
v
(=]

T, 1 0 o 0o o0 o0
T, 1 0 o 0 0o 1
T, 1L 0 0 0 1 0
T, L1 0 0 1 0o 1
T, L1 0 1 0 1 0

The first time the incorrect value of P, affects the picture is at

TZIC' Here P1 does not become one-set as is normal

Pe P5s Py Py Fp Py

T21 1 1 0 0 0 0
22 1 0 0 0 0 o
T23 1 0 0 0 0 1 Legitimate array

for Too

From this point on, the counter proceeds normally except that it is
one count behind the actual bit time (as referenced to Xo). At actual T40,

the array is:

T40 1 1 1 1 0 0
This array appears to the logic as T39. The T4O flip-flop then is
T | — v !
turned on (1740 = P6 P5 P3 P2 'Pl C).
The array at actual T4:1 is:
Pe Ps Py Py P Py
T 1 1 1 0 0 0

41

and at actual T1 (XO causes zero-set of P PZ’ P4, P5)

1’
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Since the T C reset term becomes true one clock later than usual

T 41
(141 = T4OC)’ P6 is set at actual TIC'
P6 P5 P4 P3 PZ 1:)1
T2 0 0 0 0 0 0

The counter is still one count behind and will remain so until the
origin (Xo) again comes true (one disk revolution later). At actual T41

of the 64th word, the array is 1 110 0 0. The origin now zero-sets

Pl’ Pz, P4 and P5; giving 1 0 0 0 0 0 at actual Tl' The T41 flip-flop
now is true and at-actual TZ’ P6 is zero-set giving 0 0 0 0 0 1, The
counter is now in step. It therefore requires over one disk revolution
to synchronize the counter for Case III.

Case IV

T, 1 0 0 1 0 o
T, 1 0 1 0 0 1
T, 1 1 0 o 1 0
T, 1 0 0 1 o o0
T, 1 0 1 0 o 1

Notice that in Case IV the above 'illegitimate' arrays form a
closed recycling configuration of threeterms (100100 10100
1 110010 100100..... etc.). This loop can be broken only
by X, C at a time when 1 0 0 1 0 0 is not present. Table 6 illustrates
the process of synchronization:
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Table 6, Synchronization Process

P6 PS P4 P3 PZ Pl
0 0
So T1 1 0 0 1
T41 1 0 1 0 0 1 = 1\
T 1 1 0 0 1 0 S, = sector number
S1 1 i
T41 1 0 0 1 0 0
Sz T1 1 0 1 0 0 1
0
T41 1 1 0 0 1
863 1 1 0 0 1 0 0
T‘]:1 1 0 1 0 0 1
S 0 T 1 1 0 0 0 0 0 eksk
% 41 bits per word  13-2/3 cycles per 41 bits. Therefore, the
3 bits per cycle ~ second array of the three is found at T41.
*% 64 words per revolution _  21-1/3 cycles per revolution.
3 words per cycle " Therefore, thearray 100100
occurs at Tl .863'
Ak Pl’ PZ’ P4, and P5 are zero-set at T41 C of 863 by Xo.

At T So (after the second XO) Case IV reduces to Case III. Since
Case III requires over one disk revolution to provide synchronization, the
total synchronization time for Case IV is over two disk revolutions.

Special Digit Times

Particular counts of the digit counter are required for numerous con-
trol and arithmetic functions in the computer logic. It is economical to
create special timing flip-flops in such cases rather than to form lengthy
"AND'" gates using the P flip-flops. In particular, signals are required
at digit times 40, 41, 1 and 2, therefore three flip-flops are provided.
Flip-flop T,  is set to 1 by the count of 39 and is therefore true during

time 40 at which time it resets itself to O at T41.
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t
40 = ' 1
T40 1740 P6P5P3P2 P1 C
0t40 =T C
~ 740
T41 is turned on by T40’ T1 by T41, and szy Tl' Each flip-flop

resets itself to zero one bit-time after being turned on.

t t
T,, |141="T,C T, |14la=T1,.C
ofa1-T C ot4la=T . C
T Y41 : 2= “41a
t
T, 1"l =T, C
t
0'1 =T C
t
T, 12 =T
t
02 =T.C
O()IIIIWL‘.

Timing flip-flop Ng is true for a single bit time of each gcrrﬂ/

Dy _ P! 1 1 1
N9 19—GOT1C+GOP6 P5P4P3 PZC

n
9 =
0 N9C

If the right-hand command is being effected, GO is true, N9 is set

at T1 and becomes true during bit time 2. If the left-hand command is

being effected, G

is false, N_ is set at bit time 21 and true during bit

0 9

time 22. N_ is used to turn on several time interval flip-flops such as

9

Nl’ N4 and N6.
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Sector Counter

The sector counter consisting of flip-flops S; through Sy indicates
the sector address of the next word to pass under a given read head.
Since the information channels on the memory contain 64 word-sectors,
the sector counter increases by 1 during each word time from 0 to 63.
Thus the sectof counter changes by 1 during the same time that the digit
counter sweeps through its entire 41-bit count. Initial zero reference
is accomplished by gate XoC on the zero input to each S flip-flop.

Associated with the sector counter is a sector address time flip-flop,
Nl’ which is true only while the sector address (bits 3 through 8, or 23

through 28) of the current command is being read (see figure 10). Accord-

ingly, N1 is turned on by N9 and turned off 6 bit times later.

Nl 11 = N9C»

During sector address times (bits 3 through 8 and 23 through 28),
both P and P3 are true only at bit time 8 and at bit time 28. Additional
P diodes in these terms are therefore redundant.

Figure 14 illustrates the process by which the sector counter is
augmented.

First, the increment '"one'" to be added to the S-counter sets the

carry flip-flop KS at Tl of each word time. Next, cyclic right-shifting

of the S-counter occurs during the six bit times of N During the end-

1

around shift, if KS is false, the state of Sl is copied in S if KS is true,

6;
S1 is reversed in 86. Ks is one-set when a zero appears in S1 and re-

mains in the false state for the duration of the word time. For examplé,
figurel5 shows how the sector counter and related flip-flops behave when

the sector count is advanced from 19 to 20. G0 is assumed true. If GO

is false, N9 is true at bit time 22 instead of TZ’ and N1 is true from 23
to 28 instead of 3 through 8. Although Ks is again set at Tl’ whatever
changes formerly occurred in the sector counter and KS during times

23 through 29.
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Bit Time T1 N9 N1 Ks 56 S5 2 i))- E_Z_ f_l_

1 1 0 0 0 0 1 0 0 1 1 =238=1910
2 0 1 0 1 0 1 0 0 1 1

3 0 0 1 1 0 1 0 0 1 1

4 0 0 1 1 0 0 1 0 0 1

5 0 0 1 1 0 0 0 1 0 0

6 0 0 1 0 1 0 0 0 1 0

7 0 0 1 0 0 1 0 0 0 1

8 0 0 1 0 1 0 1 0 0 0

9 0 0 0 0 0 1 0 1 0 0

10 0 0 0 0 0 1 0 1 0 0

S S T S T S T SR

Figure 15. Example of Sector Counting

Such a counter is sometimes called a one-input adder because it
performs ordinary serial addition with only one operand, the other being
assumed zero and the carry stage initially set to one.

COMMAND SELECTION I,

The first step, I., in the master sequence of normal computation

1’
involves selection of a command pair from memory and then gating it

into the Z-register. Command selection is identified by flip-flop I, being
one-set. The location counter, flip-flops G1 through GIZ’ specifies the

memory location of the desired command pair. G7 through G12 determine
the memory channel and G1 through G, determine the sector to be read in

6
that channel.
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Recirculation of Location Counter

The 12-bit G-counter experiences right-shifting during Il from bit

times 3 through 14, or 23 through 34 (depending on whether the right-or
left-hand command is being executed). N, furnishes the necessary timing.

N4 1 Ill\,()C

e
1

04=P_P P_C

54 3

The terms in 074 are true at bit times 14 and 34 respectively and at
no other time during the intervals 3 through 14 and 23 through 34 (see
figure 13). Recirculation logic for the G-counter isshown in figure 16,

The expression Kg'Fo'U1 in the final G12 logic is always true during
command selection, Il’ in the compute mode, 1I,'. Reasons for this ex-

4
pression will be presented in later sections of this manual.

Channel Selection

The channel address originally contained in G, through G._ can be

7 12
read from G1 during bit times 9 through 14 or 29 through 34 as the G-
counter shifts. A 'channel address time!'' flip-flop N5 defines the time
interval. ‘
- 1 1 1 1T 1
Ny |15 = (N Pg)D('Dy'Dy 'R T5'C
o%g = P5P4P 3C

Examination of figure 13 will show that the terms in parentheses
are true at bit times 6 and 26 respectively while the terms in gng can turn

N5 off only at 14 and 34 respectively. The expression outside the paren-

theses in _n_ is true during I

1%5 except for the last word time.

1

The channel register, flip-flops C1 through C6’ receives the channel

address bits as follows: C6 copies G1 during N

5 while the C-register is

shifted right.
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081 = G 'N,C 086 = G7'N4C
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— ] - ]
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0812 = G,'N1,'C G, N4Kg F,'U,C
Figure 16. Recirculation Logic for the G Counter
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¢, = C,NC C, [1%4= CsNsC
= ! = 1 .
01 = €2 MgC 04 = C5'NgC
162 = C45NgC Cg 195 = CeNs©
— 1 —_— 1]
062 = 3¢ 065 = C¢'NgC
163 = C4NgC Ce |19 = G141 NsC
- 1 - !
003- C4 N5C 0C6 Gl IlNSC

Information from eight of the 64 memory read amplifiers is gated

into the memory read power amplifiers Mra’

Mrg’ Mrh’
C

1 through C

3"

1\/Irb’ IVIrc’ Mrd’ Mre’ Mrf’

as determined by the three least significant channel bits in

(Clock pulses are not required here because M
ra, b, c,

Myq, e, £, g, h,are amplifiers, not flip-flops. As a result, there is no
time delay in this transfer of information.)

M m

ra |1

ra

_ 1
= (C,'C

1 ! 1 1 1 1 +
2 Cl)Mro * (CS CZ CI)Mrl * (CB Czcl )Mrz

+

'C )Mr5

'C 2 71

3 C

(C5'C2%

1] 1
)M_, +(C,C,'C " IM _, +(C,C

C

3 C

(C3CZC1')Mr6 +(C 2 l)Mr7

0

m = (C

Tra

1 ! ' 1 1 1 1 ! 1 't
3 CZ Cl )Mro ¥ (C3 CZ CI)Mrl * (C3 CZCI )Mrz

1 1 1
(C,'C )Mr3 +(C3C C]-).',.\/]'.]_-_5 +

3 C

O
»C1 C.''\M

1
2 1 ¥ (C3C2

r4

c_.C

1 1 1
(C3C2C1 )Mré +(C3 2 l)MI‘7
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2 17

] 1 1 1 t 1 1
(C5'C,C ) M " +(CRCIC MM 1+ (CCIC M ot

C,C. )M !

1 1
(C3CZC1 )MrZZ +(C3 2 1" 7r23

lrn

rd

= 1 t 1 1 1 1 1 +
(C3'C,'C M, +(CJIC,IC M 5 +(CLIC,C M,

] ¥ 1 1] +
(C5'C,C M 0 +(C3C,1C IM g #(C5C,'C M o

f
(C3C C )Mr30 +(C3C C )Mr

21 21 31
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70

re

rf

- 1 ! ! 1 1 1 ! ! 1 1
07 g = (€310 0 IMrp, | #(C5IC, 10 MMy gt H(C51C,C MM, 4
1 1 1 1 1 1 1
(C,'C,C M, " +(C,C,'C ") Mr,g' +(C,C,'C )Mr, " +
! 1 1
(C4C,Cy MMry) ! +(C,C,C My
—_ t f 1 1 1 1 1
|m__=(C,'CJC "Mr +(C,'C,'C)Mr__ +(C,'C,C Mr__+
! 1 1 1
(C,'C,CIMr, + (C,G,'C Mr , + (C,C,'C )Mr . +
1
(C,C,C, MMr g +(C,C,C Mz,
— 1 1 1 l. 1 1 1 1 1 1
0™pe = (C3'C,'CyIMr 1,1+ (C41C,1C IMr 1+ (C,'C,C M 1+
f 1 1 1 1 1 1
(C,'C,C IMr 1+ (C,C,'C )Mr * +(C,C,'C )Mr__ ' +
1 f 1
(C,C,C MM ' +(C,C,C )Mr
p— 1 1 1 1 1 1 1
1P = \C3 C2 C1 )Mr40 + (C3 C2 Cl) Mr41 + (C3 CZCI )Mr42 +
1 1 1 1
(C,'C,C )Mr,  +(G,C,'C "Mz, +(C,C,'C)Mr, +
1
(C,C,C "Mr,, +(C,C,C)Mr,
m o _ ! ' 1 Toll 1 1 1 '}
07rf = (C,IC_1C *)Mr, ' +(C,'C,'C )Mz, ' +(C,'C,C "Mr,
1 1 t 1 1 1 |+
(C,'C,C M, '+ (C,C,'C Mr, ' +(C,C,'C )Mr,
1 1 t
(C,C,C ")Mr, ' + (C,C,C )Mr,_
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'C_C ')Mr50 +

m

rg 1

Tg

—_ 1 1 1 1 1

= (C5'C,1C M o +(CIC,1C IMr o +(C5IC,Cy
1 1 1 1
(C,'C,CIMr | +(C,C,'C Mz, +(C,C,'C )Mr,, +

1
(C,C,C IMry, +(C,C,C )Mr

'+(C,'C,C Mr )+

0

m

Tg

— 1 1 1 1 ( 1 1
= (C4'C,'C")Mr, ' +(C,'C,'C )Mr,

1 ! 1 1 1 1 1
(C,'C,C IMry '+ (C,C,'C " Mr, ' +(C,C,'C ) Mry ' +

1 ! 3 1
(C3C2C1 )Mr54 + (C3C2‘C1)Mr55

rh

1

— 1
mrh = (C3 C2

1Co C 1C ! 1 )
Cl )Mr56 + (C3 C2 cl)Mr57 + (C3 CZCl )Mr58 +

1 1 1 ]
(C,'C,C)Mr o+ (C,C,'C IMr  +(C,C,'C )Mr,, +

1
\C,C,C IMr,, +(C,C,C )Mr,

0

= t f t ! 1 1 -~ 1 1 1
mrh (C3 C2 Cl )Mr56 + (C3 C2, Cl)Mr57 + (C3 CZCI )Mr58 +
1 1 1 ] 1 ]
+ (C3C2 C1 )Mr60 + (C3C2 Cl)Mr61

t
(C5'C,C) IMr g

1 1 1
(C.C C1 )Mr62 + (C3C2C1)Mr63

3 2

Careful study of the memory read power amplifier logic reveals that
when the least significant octal channel address digit is n, we may write

Mra 1 ra Mrn Mrc 1% © IVIr(n + 16)
— 1 — !
0™ ra ” Mrn 0 re ~ Mr (n + 16)
My 1™ ™ Men + 8) Mg | 1™ra™ Me(n + 24)
- ' - 1
0™rb =~ My(n + 8) 0™ra = My (n + 24)
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IVIre 1Mre = Mr(n + 32) Mrg lmrg - Mr(n + 48)
- ! ’ — !

0™re ~ Mr(n + 32) Omrg - Mr(n + 48)

Mt 1™~ Me(n + 40) Ml 1% ™ Me(n + 56)
—- ! - 1

0™rf = Mr(n + 20) 0™rh = Mr(n + 56)

where O< n S—7.

Information from only one of the eight read power amplifiers is
copied into the memory flip-flop ‘Mr according to the states of C,, C

6’ 5’
and C4.

— 1 t ! 1 f 1 1
Mr lmr—C6C5C4MrafC6C5C4Mrb+C6C5C4Mrc+

] 1] 1 1
C6 CSC4Mrd * C6C5 C4 Mre * C6C5 C4Mrf +

c,C.C,'M +CCCMI

6°5°4 rg 654 rh

- O 1 1 1 ' 1 1 1 ot !
0™r T Ve C5 C4 Mra * C6 C5 C4Mrb * C6 C5C4 Mrc *

] [} 4 1 ! 1 1
CgCglyM ' + CCg'Cy'M +C CIC M 4+

1 ! 1
CeCsCa ™Moy T CCsC My

Thus, for a given binary configuration in C. through C Mr will

1 6’
accept the information read from only one memory channel. For example if

the channel address of a commandis 45, (’;'6 %5 %4 C13 %2 (il in binary,

1
then C3 CZ C1 becomes true and Mr5’ Mr13’ Mer, Mr29’ Mr37, Mr45’

Mr53’ and Mr61 are copied into Mra’ Mrb’ Mrc’ Mrd’ Mre’ Mrf’ Mrg’

and Mr respectively. Since C, C_' C 'is also true, M

h 6 °5 4 rf & Mpy5)

is copied into Mr as required.
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Sector Selection

In order to locate the sector identified in G1 through G()’ it is

necessary to wait for the sector counter S, through S6 to reach agreement

1
with G1 through G6’ respectively. Obviously, such agreement must occur

within a disk revolution since this is the duration of a complete sector
count (0 through 63). Since the S counter is right-shifted through S; during

Nl (bit times 3 through 8 or 23 through 28) while the G-counter is similarly

shifted through G. during N4 (bit times 3 through 14 or 23 through 34), it

1
is clear that S1 and G1 will contain corresponding bits during the 6-bit

interval Nl.(See figure 17.)

So is the memory read selection flip-flop; it is set to zero at every

T41 pulse. During Nl’ flip-flops G1 and Sl are sampled for disagreement,
recognizable by their having opposite states. Any such disagreement
between Gi and Si (i=1, 2, ....,6) is used to turn So on

- ' 1 17 it
So 1% (GIS1 + G1 Sl)IlNlc Glsl I2 13 NlC +
1 1 1
G1 8112 I3 N1C
0% T41C
Where IZ' 13' in the final So logic includes Il. Thus, if S0 has not been

turned on by the end of the word time, T41, agreement must have been

attained and the desired sector has been located.

Command Gating
The memory read gating flip-flop, Do’ is turned on if So is true

~at T, .. D resets itself to zero at the next T  _.
41 o i 41
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=S 'L 'T.I'T _C
D0 ldo So pl 14 41
0% = PoT41©
where LPll refers to a nonvolitile channel. Do is true for one complete

word time (bit times 1 through 41) during which time it gates a command
pair from memory into the Z-register.

Z41 1241

M DIC
r ol

M 'DIC
r ol

z

0741

where flip-flop Z, . is the transmitting end of the 41 -bit command register,

41
Since a word is read from memory serially, starting with the least sig-
nificant bit, it is copied into Z41 in the same sequence. Thus, Z41

contain the most significant (sign) bit immediately upon completion of the
gating operation, i.e., during DO'Tl. In order to conserve equipment

in the mechanization of the 41-bit Z-register, only the Zl’ Z2 and 241
positions are stored in flip-flops. The 38 intervening Z-bits are stored
in a recirculating loop on the memory disk. Right_shifting of the
Z-register is accomplished by the physical rotation of the disk past sta-
tionary reading and writing heads. (See figure 18.) Information from
Z4y is transferred with no clocked delay to the Z-channel write amplifier.

will

Zw lzw = Z4l

—_ t
0%w = %41

The output of ZW activates the Z-channel write head which magnetizes in

time sequence the portion of the disk passing under it. A read head lo-
cated 38-1/2 bits in the direction of rotation from the write head is
energized in time sequence by the same locally magnetized areas passing
under it, 38-1/2 bit times later. A Z-channel read amplifier, Zr’ im -

proves the read head signal and is clocked into flip-flop ZZ'

2y | 1%2 r

1
N
Q

508-T-6 75



Information from Z_ is shifted into Z

2 1
Z1 1z1 = ZZC

— 1
Ozl = ZZ C

When a command pair has been written in the Z-register, the function of
command selection is completed. Consequently both I1 and the gating

flip-flop D are turned off simultaneously.

ofp = 1P T4 C

Until I. is reestablished, the selected command pair in the Z-
register is available for sampling and interpreting. This is easily ac-
complished by continuously rewriting back on the disk the information
that has just been read from it.

1
17241 = 414'C

1

1 1]
0%a1 = 21 'C

This one-word recirculation loop allows all the bits in the Z-register to
be observed sequentially (in flip-flop Z;, for example) during each one-
word time cycle. In discussing the Z-register small letters z; represent
the information bits in the Z-channel with subscripts corresponding to
the bit positions in a word. Illustrated is the quiescent condition existing
between consecutive clock pulses T41C and T;C (i.e., flip-flop T is in
the true state). Coincidentally with the clock pulse that set T (i.e.
T41C), the Z-channel read head sensed the magnetic pattern of z, on the
disk, At the same time that z, was read, it was amplified by Z, and
clocked into flip-flop Z3. Simultaneously, the previously sensed z;

bit was clocked from Z; into the Zj flip-flop, while the z4; bit was
clocked from Zj] or M; into Z4] to be written via Z, onto the disk.

Since the memory read flip-flop Mr receives its pulse train from

whatever channel is indicated by the C-register, it is imperative that
flip-flops Cl through C6 remain static during memory gating. Flip-flop
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NS must be true in order for shifting to occur in the C-register. There-

fore N5 is inhibited from coming true during memory read gating, Do’

as follows.

ln5=Do'(...)

Command Gating from Loops L and V

Both 8-word recirculation loops may contain numerical data and/or
commands. If a command to be executed is stored on a loop, the G-

counter will contain its loop address. As always, during I1 the channel

address bits are shifted into the C-register and the sector address bits
are sampled for coincidence with the S-counter. However, the interpre-
tation of the loop address differs from that of the information channel
address as described below.

Loop Selection.

Loop addresses are octal 7760 through 7767 for the L loop, and
octal 7770 through 7777 for the V loop. In binary notation this would be
111111110000-111111110111forthe L loop, and
111111111000--111111111111°fortheV loop.
Distinction between loop and main memory is made by L 1’ the loop-
memory selection flip -flop. P

L

1 ! 1 1
Do Dll 'I3 Rcl T1C

pl llpl

' |
op1 = G1TNsC

Notice tﬁat LPl is one-set at T1 time of 13'. This would make LPl

one-set during T1 time of the first word time of Il. Also observe the eight

most significant bits of loop address are all ones (the loop address being
present in the G-register). This indicates that the occurrence of a zero
in G1 during N5 time (recall that the G-register circulates during this
time T7 through T14 or T27 through T34) would indicate that a loop was

not desired, and the logic would zero-set L Since there is no logic to

pl’

one-set L 1' again, \Lp'll would indicate main memory.- On the other hand,
P
if Lpl were not zero-set a loop address would be indicated, i.e., Lpl

would remain one-set,
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If a loop is selected, it then remains to determine which loop.
LpZ’ the L -V selection flip-flop,

1 = '
Loo 1 1'p2 = G P51 C

is designed to determine this; LPZ zero-set indicates the L loop and

LPZ one-set indicates the V loop. In the binary notation for the loop

address that the 4th least significant bit is zero for the L loop and a one

for the V loop. This bit is called the loop indicator bit. At T6 or T26

time this bit appears in G_ of the G-register, and is indicated in the logic

1

P_ .1 i - i L _i
by the appearance of N1 5 f G1 is one-set at T6 or T26 time, p2 is

one-set during the remainder of Nl' If C‘:1 is zero-set at T6 or T26 time,
Lpz is zero-set during the remainder of Nl. PZ' is included in the one-
set logic for L one-set or zero-set during the remainder

of Nl.

to keep L

p2 p2

Loop Design

A detailed description of the high-speed loops is desirable at this
point. Since the two loops are identical, the description applies to either
L or V. For convenience, however, reference will be made to the L loop.

Loop Recirculation

As seen in figurel9 , information on the loop is preserved by recir-
culation around a path that includes a 325-1/2 -bit portion of a memory
channel, associated read and write heads and amplifiers, LrS and Lw’ and
three flip-flops, LZ’ L1 and L41.

The complete recirculation path stores 328 bits which is exactly

equal to eight 41 -bit words. This closed path is interrupted (between L1

and L41) only when new information is to be written on the loop; it will be

fully described in a later section. When a word is to be read from the
loop, as during Il’ it is necessary only to wait until it circulates around

to a position that is accessible for gating out. With this method a waiting
period of from one to eight word times may be required for access to a
random word on the loop.
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1 - 1 -
L1 11 LZC LZa 1 2a Lr4
1 - ' 1 = 1
071 LZ c 0 2a Lr4
LZa is the L-loop 4-word read
flip-flop.
1 = i - - ip -
L2 1L LrSC Lz is the L-loop 8-word read flip-flop
1 = 1
02 LrSC:
Lo 1% =t
= 1
Oaw L4l
Similar logic applies to the V loop.
! V1= V¢ Vaa |1V2a = Vra
= ! =
0V1= V2'C 0'2a = ' r4
VZ V2 = Vr8c VZa is the V-loop 4-word read
flip -flop
- !
0v2 = Vrg'©
VZ is the V-loop 8-word read
Vw Ve = V41 flip -flop
= 1
oVw = Va1
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Supplementary Reading Station

Reduction of access time is achieved by placement of an additional
read head within the loop approximately midway between the other heads.
With two reading stations four words apart in an 8-word loop, the maxi-
mum time before a random word passes under a read head is clearly
four word times. Use of supplementary read heads and associated
amplifiers Lr4 and Vr4 thus improves reading access time by a factor

of two. Determining from which head and the exact time to read informa -
tion from the loop is covered in the next section.

Loop Sector Selection

Since each loop contains eight word sectors, a 3-stage binary
counter is needed for sector addressing. Happily, the three least sig-
nificant stages of the S-counter, S3, S2 and Sl’ serve this purpose well,

This loop sector counter counts eight word times from binary 000 to 111,
resets to 000, and repeats indefinitely. The three most significant sector
bits are ignored in loop addresses, e.g., sectors 010011 and 111011 both
refer to loop sector 3. If the loop sector count is binary 001 when a given
word is being written on the loop, it will be 101 when the same word is
passing under the 4-word read head, and it will have recycled back to 001
when the word is passing under the 8-word read head. Since the loop
sector counter must agree with the corresponding address bits of a given
word when it is written on the loop, the same agreement must therefore
exist when the word is read from the 8-word read head. It follows that
when the desired word is read from the 4-word read head, the loop sector
counter must differ by 4 from the corresponding address bits. Conven-
iently, decimal 4 is binary 100 which, added or subtracted from a binary
address, has no effect on the two least significant bits and reverses the
next (see table 7).

Table 7. Sector Counting in 8-Word Loops

Loop Sector Address of Word Under:
W rite Head 4 _Word Read Head ‘8-Word Read Head
000 100 000
001 101 001
010 110 010
011 111 011
100 000 100
101 001 101
110 N 010 110
111 011 111
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It may be recalled that flip-flop So is turned on during IlNl when -

ever the sector and address bits shifted into S1 and Gl disagree. Thus,if

So is still false after three bits have been sampled (at bit time 6 or 26),

then flip -flop 58 is notset, whichindicates thatthedesired word mustbe
gated from the 8-word read head.

' = 1 1 1 1 1
% [1%8 7 SoP10TiM1F2" = 5P 1o M3 NP 'C
05g = S T lC +11D10T4lc
Figurel3 reveals that NlPZ' can occur at either bit time 6 or 26
depending on the state of Go' 88 is reset to zero at T41. Also, if So is

false after only two bits have been sampled (at bit time 5 or 25), flip-flop
S_ is not set.

7
— 1 ok = 1 1
S7 157 S Dlo 11N1P4P1 C SOD1 N1M3P4P1C
057 = T412C
Figure 13 shows N1P4P1' is true only at bit time 5 or 25. S7 is zero-set
at every T41. At the end of a word time, if S7 is false and 88 is true,

then the S- and G-counters agree in the two least significant positions
and disagree in the next, indicating that the desired word must be gated
from the 4-word read head. Information from either head is copied
into a common flip-flop, Ko (figure 19).

— 1 t 1 1
KO lko = LZaLpz S7 SSC + LZLPZ SS C
— 1 1 ! 1 1 1
Oko = L2 LpZ S7 S8C + L2 Lpz 58 C
where L. _' identifies the L-loop. The use of L._ instead of L.__ is neces-

P2 2 r8
sitated by circuit restrictions that prevent power amplifiers from driving

more than one gate; also LZa is used instead of Lr4 for the same reason.

If LpZ = 1, the V-loop read heads affect Ko in the same manner,
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= ! 1
1K, = V5187850 + VoL S.1C
k = 1 1 1 1
0% = V3a LpS7'54C + V'L 58, C

Command Gating from Loop

pl is true, and S7‘ indicates that the desired

word will appear under one of the read head during the next word time.

Consequently, the loop gating flip-flop D10 is turned on at T41 and re-

For a loop address, L

mains on for a full word time.

=S, T ' 1 (D,'+D.'+D,") T
Dio | 1910 = 57'2p1P10 4T 41C= S7'Lp P! (P 3 + D) TyyC

During DlOII’ the command pair read from the loop into Ko is gated into

the Z-register as required.

Z KD C

17417 7 "o 1011

Z

1
0241 KoD IC

101

One additional precaution is necessary. During gating it is
" imperative that Ko continue to copy from the same head. This requires

. . . L
that flip -flops LpZS7 and S8 not change state while D10 is true p2 is

held fixed by L-V indicator bit in the G-register which does not change
during Il'

When reading from the 8-word head, S8 must remain off and is

1
10 1%

the 4-word head, S7 must remain off and is therefore inhibited from

10' in 137, while S8 must remain on and is therefore in-
ibited f . . F Vi .
hibited from going off by S7 in s8¢ inally, D10 is inserted in 1d10 to

itself from being pulsed on both sides at the conclusion of

therefore inhibited from coming on by D i When reading from

coming on by D

prevent D 10

the gating operation D10T41. Command selection Il is terminated when

zating into the Z-register is completed.

of1 = 11P10T41aC
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COMMAND INTERPRETATION AND OPERAND SELECTION.I.

Command selection, I., is concluded and command interpretation,

1’

IZ’ is initiated when a command pair has been gated into the Z-register
from either an information channel by D_ or a high-speed loop by D

0 10°

1 _ 1
I2 115 = IlDoT4 aC +111 D T C

1 4 10 4la

The computer's primary function during I2 is to select from memory the

operand necessary for the execution of arithmetic commands. However,
for certain nonarithmetic commands not requiring an operand, this func-
tion is superfluous. The command's operation code determines what is
accomplished during 12 and later during 13.

Operation Code Register
The operation code bits in a command pair (figurel0) occupy

positions 35 through 40 for the first command and positions 15 through
20 for the second command. During I_ the selected command pair re-

2
circulates in the Z-register so that the least significant bit z, is in
flip-flop Z1 during bit time 1; the next bit z, is in Z1 during bit time 2,
and in general the ntP bit is in Zl during bit time n. ‘Recirculation is
accomplished by
= 7 = 7 i

1741 = #1104 C

‘ =Z 1.C=2Z_ 1!

0%a1 = Z1TC= % ¢

The operation code bits are available in flip-flop Z1 during bit times 15
through 20 or 35 through 40; or one bit time earlier in ZZ they are

available during bit times 14 through 19 or 34 through 39. The latter
timing is provided by the operation code time flip-flop NZ'
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- 1 1
N2 1% = 1214 N5P4P2P1 C

- 1 1
PZP C

o™2 1

where N5 is true during the same interval (bit times 9 through 14 or 29
through 34) in I2 as in I1

n=I_(...)=1

1'5 2 SRR

3

Examination of figurel3 shows that the three terms in can be-

n
12
come true only at bit times 13 or 33, making N2 true starting with bit
times 14 or 34 respectively. PZ'Pl' inon2 resets N2 to zero at bit times
19 or 39. The choice of interval depends on which command is being
interpreted. For the left-hand command, Go' =1 and NZ is true during

34 through 39; for the right-hand command, Go = 1 and N is true during

2

14 through 19. During N2 the operation code bits are shifted from Z2

into the operation code register, flip-flops D1 through D

6

D1 1d1 = DZNZC D4 1d4 = D5NZC
— 1 — 1

odl'Dz Nzc 0d4‘D5 NZC

D2 1d.2 = D3N2C D5 1d5 = D6N2C
- ] — t

odz‘D3 NzC od5'D6 Nzc

D3 1d3=D4N2C D6 1d6= ZZNZC
. 1 — 1

0d3_D4 NZC Odé_ z2 NZC

It should be noted that N2 always becomes true during the first word

time of IZ and gates the operation code into the D-register in sufficient

time for sampling at the first 12T40 time.
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Types 15

Sampling of the operation code bits stored in the D -register de-
termines the logical sequence to be followed during Iz. For this purpose

the computer commands may be categorized into three major types as
follows.

No Memory Reference Required (Type 1)

Commands in this category do not require selection of an operand
from memory. For all type-1 operations, the state change flip-flop N11

is set at T and resetat T, ..

40 41
N11 1211 ° Type-1 operation codes T40C
o"11 = Ta1®

N11 being true during T4:1 then terminates I2 at the end of the first

word time

oz = LN ©

The IZ diode in this gate prevents the ]l2 flip-flop from being pulsed on

both sides when it is set at the end of I1 since N11 could be true at that

time,

Referring to the Operation Code Matrix, figure 20, it will be ob-
served that type 1 includes all transfer of control commands (first octal
digit = 5), input-output and stop commands (first octal digit = 7), shift
and normalize commands (octal codes 40, 41, 45), R-A interchange com-
mand (octal code 43) and transfer-to-memory command (octal code 60),
and transfer to memory command with X, A interchange (octal code 15).
All commands whose first octal code digit is 5 or 7 are covered by the

combination D6D4' Operation codes 40, 41 and 60 are included in D6D3'

‘DZ" operation code 43 and 45 D6D5'Dl and operation code 15 in D5‘D4D3
D1T40. Substituting these gates in the logical equation for N11 yields
= D! D,D_'D,T '

1711 7 PePaT4oC T DgP3' D' T qC.t DDy T yC+D /D DD T, C
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D¢ Ds D4
D, Ds Do
D¢ Ds Dy
D. DsD,
D¢ Ds Da
De D5 Da
D.Ds D4

D¢ Ds Da

DiD, D, D;DaD, DaD.D; D3D,D, DD, D D»D,D, DyD,D, DyD,D,

cLA o0|ADD or1|cLs 02|suB 03|FAD O04|FDV O0S|FSB 0c|FMP 07

Mo Mo Mo Mo MaMg (Mg)[MaMa(MoMa)[Mg Ma (Mo)MaMa(Mio M)
[0 MPY 1H]TYW 12 |MPR (3 |PNw [4]sSAX I5|PTW 6 117

Mn M, M1 M, M, Mi (M) Mg M,

DSL 20 |DSR 21 |DIV 22 |[DVR 23 241SQR 25 26 21

M. M, M, My M, M, M, M,

FCA 30 31 |READOUT 32 |EXT 33|FCS 34|FST 35(DIS 36 31

BUTTON

Ma M, My M, M3 M M, M,

SHR 40|SHL 4| |STA 42|XAR 43|FSQ 44|FNM 45 46 41

Ma Mg Ma (M) [Mg MgMg (M;)| Mg Mg Ma Ma.

T2E 50|TMI 5I|TPL 52|TOV 53|TSB 54|Tsc 55[TsSD 5¢|TRA 51

Ms Ms Ms Ms Ms Ms Ms Mg

STO 60 6l 62 63[CTL G4|CFL 6S[CTV 66|CFV &7

Me Me Me¢ M Mg Me Mg M¢

FNC 10|RDY 1T1|TYC 172 |RDZ 7T3|PNC 14 15 [PTC 16 |HLT 17

M1 M M, M M, M1 Mjq M,

Figure 20.

Operation Code Matrix




Memory Referencing

The address portions of all commands except type 1 refer to
memory or loop locations. As duringI;, the C-register receives the
channel address bits which select the desired channel for gating, while
the S-counter is compared for coincidence with the sector address bits
to ascertain the proper gating time. The procedure during I, differs
from that during Iy in that the address bits are initially stored in the
recirculating Z-register instead of the G-counter. The channel address
occupies bit positions 9 through 14 or 29 through 34 and is therefore
available in flip-flop Z; during the corresponding bit times. As before
N5 provides the necessary timing while information is shifted into the
C -register after being copied in Cg.

N5 provides the necessary timing while information is shifted into the

C-register after being copied in C6'

16 = C5 415

—_ 1 1
0% = 41 N5C !

1, 2, 3, 4, 5.

106 = Z].IZN5C

— 1
0%6 = Z1 IZNSC

The sector address is available in Zl during bit times 3 through 8

or 23 through 28 for comparison with the corresponding S-counter bits.

As in Il’ So remains false only when agreement exists during Nl.

1]
1}

. Z. S 1427 Z S M 1S 1!
150 = (%15, SN € =2, ST N G+ 2 S N C

0 o T41C

n
1}

For loop addresses, flip-flops S7, 88 and D10 are affected by the same

logic as during Il'
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Number Selection Without Gating (Type 2)

For commands in this category, I, is terminated when the ad-

dressee has been located but not yet gated out of the memory. This
occurs when the sector address of the command agrees with the sector
count. As previously mentioned, this condition is indicated by the false

state of the applicable sector selection flip-flop (e. g. So) at T41. Gating

associated with type 2 commands is performed during 13.
Figure 20 shows that type-2 commands include the 8-word transfers

to or from the L. and V loops (octal codes 64 through 67) and the 2-word

transfer-to-memory (octal code 35). Of the five, only the CTL and CTV

commands (codes 64 and 66) require reading from memory. D6D5D1' is

one of several combinations that covers these codes. Inclusion of type-1
codes in the combination causes no difficulty since such codes terminate

I2 after the first word time. N11 is set at T‘]:0 when the desired sector is

ready for gating from memory.-

n . =S 'D,D_D.!

111 0651T40C

As with type-1 commands, N_ . immediately terminates I at T

11 2 41°
The remaining type-2 commands (octal codes 35, 65, 67) require
writing on the memory. S11 is the sector selection flip-flop used for

memory writing and corresponds to So for memory reading.

The nonvolatile memory channels utilize separate read and write
heads spaced 180 cﬁ?g or 32 sectors apart. Therefore the sector ad-
dresses of words passing under the read and write heads differ by 32
(= binary 100000). It follows that the binary addresses agree in all but
the most significant bit. Since the S-counter is synchronized to indicate
the addresses of words under the read-head, words under the write head
may be identified by the sector counter with its most significant bit
reversed. Sll’ initially zero, is turned on if the desired sector address

in G or Z and the S-counter disagree in any of the first five bits or agree
in the sixth.

90 A
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S 1°11

1]

SN C+S 'P,PP
o o

1 65 4

0511 = T41€

Thus if So is still false after five bits have been sampled (at bit time 8

or 28) and becomes true after the sixth bit has been sampled (at bit time
9 or 29), then S11 is not set, indicating that the desired sector is the next

to appear under the write head. If any of the above conditions is not met,

S11 is set, indicating that the desired sector is not about to appear under

the write head at this time. S11 is reset to zero every T

41°
Returning to the type-2 commands that require memory writing,
clearly Sll' and an appropriate D-register combination are sufficient to

terminate 12' Because this group of commands includes codes 35, 65,

and 67, figure 20 reveals D()D1 and D4D3D1 as the configurations. Thus

— 1 ]
11711 = S11" PaP3P1T40C 7511 PP T4

One additional possiblity must be considered. The 2-word transfer-
to-memory command, FST (octal code 35), could contain a loop address.

Since S8 is the sector selection flip-flop associated with loop writing and

D4D3D1 covers octal code 35, we may write

— 1
1711 7 S8 Tp1PaP P T0C

vlere LP1 indicates a loop address.

Number Selaction with Gating (Type 3)

This category includes all commands not covered by types 1 and 2.
Here the operand is located and gated out of memory during 12. As during

I, the applicable sector selection flip-flop (So or S_) indicates by its

1’ 7

false state at T41 the correct time to turn on the memory or loop gating

flip-flop (D 0 °F D. ).

10
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= 1 1 T 1 1 1
19 75, Lp1 T2 Ty €= 5, Lot Il Ty ©

-— 1 1
19075, o1 1, Ty €= 3 Lo1ls' Tgy ©

Instead of being gated into the Z-register as during I;, the addressee

is gated into the B-register during I;. This is a one-word recirculating
register consisting of four flip-flops (Bj, B,, B4g, B41) and a portion
of the disk storing the remaining 38 bits between the B read and write
heads. Thus the B-register differs from the Z-register only in storing
one more bit in a flip-flop and therefore one less bit on the disk. In-
formation from a memory channel or loop is gated into By4] as follows:

Bay |1Pg; "M, Dy, C+ Ky D1, C

1 ; 1
Ob41 Mr DO IZC+KO DlOIZC

B copies B

40 41"

—_ 1 1
Bio [1Pa0 "By I, C =By My M C

1 1 1
0Pg0 = By 1,6 =B My Myt C

where M ' in the final logic is always true in Ip. By, is connected

directly fo the B-channel write amplifier, By,.

BW lbw - B4O

At the reading end of the B-channel, the read power amplifier B, feeds
into B2 which in turn shifts into Bl'

o
n

w
Q

BZ 12 r

o
1

o
Q
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os]
o’
0

] 1 ]
1 | 1Py = Bl = B M N E,,1C

b

1 IN ! 1 1
0Py BZIZCCBM N_E E C

2 10 7 20 30

where EZO'E3OI is true except when filling the computer.

Having gated the desired number into the B -register, DO or DlO is

reset.

At the same time I2 is terminated by Nll'

1711 = PoT40C * P1oT40C

oz = I,Ny;C

COMMAND EXECUTION, I,

During command execution, I_, the arithmetic and logical operations

3,
specified by the commands are actually carried out. 13 is initiated at the

same time IZ is terminated.

3 — 1
113 = 9" LNy C

where JO’ the overflow flip-flop, is normally false.

Functional Groups

The computer's commands separate roughly into eight functional
groups that are identified by flip -flops Mi (i=0, 1, ..., 7) where i is the

most significant octal digit of the operation code (see figure 20), Three
additional flip-flops, M8-10’ specify floating point operations. The D-

register, having been filled with the operation code bits during I_, is

2
used to set the appropriate M flip-flop simultaneously with the start of 13.
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N..C

_ ! '
= (DD OIZ 11

1 1 1
o | 1™ 65 D4 P3" I

'D )D.J _I.N. .C

— 1
M m,y = (Dg'Dg'D,) DIy TNy

1 1

- 1] 1 1 - 1
M, | ymy = (D DD, ) T LN, C

— 1] 1
M, | ;m;=(D,'DD,)J TN GC

—_— 1 1 1]
My | my = (DDg'D, N TN, C

- ] 1
Mg | ymg=(D,DD,) T LN, ,C

S
8

1 t
6 | 1™ = (PePsPy) o' TN €

1
M, | m,=(D,D.D,)JI N .C

6 0 2 11

—_— 1] 1 1 1]
Mg | mg = (DD, DD, ) LN, J,C

—_ 1 1 1 X
My | ymg = (D D, 'D,'D,D,)IN

1]
6 D5y c

llJO

Miol 1™10 = MgMyU,T41,C

13 Timing

Most of the commands require a fixed number of word times for
their execution during 13. It is necessary therefore to keep count of

these word times in order to terminate the operations at the proper
time. A computation cycle counter consists of flip-flops Q1 through Q6
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and’ an associated carry flip-flop, Kq, to form a one-input adder which
counts word times in the same manner as the sector counter, The Q-
counter counts only during 13.

Q

!
1|19 = QN Mg+ MX, T, 'C

' 1
Q2N1M8+IT C+M_ T C

o1 5741 871

- 1 1
Q2 qu_Q3N1M8 +Q M8T4 C+X41M8U1T C

= 1 !
! Q NM8 +I5T41C

—_ 1 1 1 ]
Qi 1193 = QN Mg' + ML 'U, 'C,IT, 0

-Q'NM'+UT cC+M, T .C

04 8 41 10 41
- 1 1T
Q|19 = QN Mg' + MM, 'I'0, T, C
— I 1 I 1 1
09y = Q5N M+ MQ U, T, C+ MU 'C'T, C
— ] 1
Q. | a5 = QN My + MD X, 'R, U,C + MD,'U,X,'Q'T, C
- 1 1
05 = QN Mg'+ MX R 'U.C + MJU,R,'Q.T, C

5 1 1 1 1 ! ! t ! 1
Counter Operation During M8 M0 M4 M10 + M8 M0 M9 Commands

Inspection of the logic equations for Ql through Q5 indicates that the
usual one-input adder shift logic is present except for MS -type commands.

M8 commands are FAD, FSB, and FSQ. These commands use some of
the Q flip-flops for various tests required by the floating-point mechani-

zation. The addition of M8 to gates for the logic of Ql through Q5 will

be discussed later with the floating commands.
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Inspection of the logic for Q, reveals that this flip-flop has the

6
usual one-input adder recirculation logic f(similar to thelogic for S6 of
the sector counter; plus the additional terms PmC + 13'C in the zero-set

logic. The PmC term is involved in the tape punch output mode, there-
fore we will neglectits presence for compute operation. 13'C determines
that Q6 through Ql will be in their zero-set states by the start of 13. The
I3 terms in the one-set logic determine how long the counter will count.
This, in turn, depends on the word times required by the command in 13.
The logic for the carry flip-flop Kq indicates that the carry will

- ims . 1 N 1 1
one-set at T1 (similar to Ks,) for M0 M4 M10 + M0 M9 . These gates
are to exclude operation of the counter during the portions of the floating-
point instructions that require the Q flip-flops for testing. The zero-set
logic for Kq is the usual one-input adder logic.

Uy, U, and U
FSQ)

1 Flip-Flops (Neglecting FDV, FMP, FAD, FSB,.

At the beginning of I the U and U

3 41’ 2 flip flops are in their zero-

set state by the logic:

The Ulflip -flop is in its one-set state by the beginning of I by the

3
logic:

- 1
lUl = I3 C+ M0U2T4lac

Table 8 gives the counting sequence.
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Table 8. Counting Sequence

TIME LOGIC INVOLVED U4l U, U,
T)I3 0Ua1 = Us1T41,C 0 0 1
W -

ord 1 0U2 U2T41C

1U] =13'C +
T,1, U, =AU T, I.'N,,'C 0 1 0
Word 2 =I.T  U.I'C

OUl 374la 15

3113 OUZ = U2T41C 1U1=M0U2T41aC 0 0 0,1
ord 3
T.I U = 1 ! !
113 1 41 MZDI Q6Q4Q1 T‘]:la.C * 1 0 0
Word 41 For DSL and DIV
T.1 U =MD T
13 1 41 2 1Q6Q4Ql 4:1aC + ! 0 0
Word 42 For DSR, DVR, SQR
1 —
Tyl 0Y41 = U1 T41,° 0 0 0
1V =13'C
TZI3' ]U1 = 13'C + 0 0 1
= ! ' 2. 'K I. !
Q1% = KNI WG TS BN Fm ©
_ Kt N !
ods = QK NG+ QK NC* P_C+MG+I,'C
— 1 1 1 1 1
Kq 1kq-TlM0 M4 M10C+T1M0M9C
— 1 g
qu = Ql N1C

Inasmuch as frequent reference must be made to the first and
second word times in I3, special timing flip-flops, designated U1 and
UZ’ help to simplify the logic associated with such times. Ul is true

during I_' and the first word time in 13, while U2 is true only during the

3
second word time in 13. U41 is true during the last word time which may

be 41 or 42 in I_ for certain type-3 commands.

3
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a
e
]

1 1 1 ! 1
1 1™ 13 C + M8U1 C1 T41aC + MoU2T41aC + M9M1M2 U2T41aC +

M9B42Q6T4lac

- 1
0%1 = 13Up15' Ty, C

(]
i

U u, =I U I'N 'At'T C

2] 127 %3175 12 41
02 = Uy Ty C
U u.=MD.QQQ.'T . C+MD.QQQ.T.. C

411 1741 7271 767471 "4la 271767471 4la

0%1 = Ys1T 412"

Accumulator (A) and Remainder (R) Registers

The A- and R-registers are available for use by the programer
and, together with the B-register, hold operands and intermediate and
final results of all arithmetic operations performed by RECOMP. Like
the B- and Z-registers, they are one-word recirculating loops which
store part of their information in flip-flops and the rest on the disk.

i . . o A ,
The A-register has six flip-flops, Al’ AZ’ A3, 39° A4O and A41, plus

a 35-bit portion of the disk, while the R-register has four flip-flops,

Rl’ RZ’ R40 and R41, plus a 37-bit portion of the disk. Results produced

by execution of a given command must be preserved until needed as
operands for the next computation. This is accomplished if the A- and
R -registers exhibit normal recirculation during 13.

In the A -register, A copies A2 except at T, when A_ is set to

1 41 1

zero. During T A2 contains the synchronizing bit which must be zero

41’
for certain operations.

A a, =AI'T YE_'E

t 1
1 171 2°3 741 " 20 30E40)C

— t 1 ]
021 = #,T3'Egp'C v 1, T, C
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where the E terms can be true only when filling the computer. A2 in
turn copies A3.

A2 1 2‘A3I3Ezo 40C

022 = #4313 Ey ' By 'C

A3 receives its information from the A-channel read power amplifier, Ar.

A3 1a.3=ArC

=A 'C
T

On the other side of the A -channel, the write amplifier, Aw’ is

directly connected to A39.

Aw 1%w = A39
03w = A39'
which copies A4O
A39 1a39 = A40U1 + T1 + Ml') C

—_ 1 1
0239 = fgo' Uyt T+ M) C

which in turn copies A

41
Ah0 | 1240 = Aarts'C S AL MM T, C
0240 = 41'13'C S Ay MM T, C
Finally A41 copies Al’ closing the loop.
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1 1
Ayr 1221 = 2113'F'C

1 ] 1
0221 = 2113'Fp'C

P0 is true only during filling.

During recirculation in the R-register, R, copies R, which re-

1 2
ceives information from the R-channel read power amplifier, Rr'

= 1 !
R1 lrl_RZISPOC

- 1 1 1
Or1 _RZ I3PO C

R2 11’2 = ch
_p
Orz = ch

Re | 17w = Rao
0%w = Rao’
which copies R41.
R r =R __E C

1 1
40 1 40 41 30 U41

T = R

R 1
0 40 41 30 U4l C

R, . copying R

41 completes the recirculation.

1

Rar | 1741

=3
R113 PO C

17 P !
R113P0C
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Clear-Add (CLA) and Clear-Subtract (CLS) Commands

The command CLA causes the word in memory location m to be
transferred to the A-register. The command CLS differs only in that
the sign of the word in m is reversed in the transfer to the A-register.

The combination MODl' is true for both commands, with Dz*' or DZ

added to specify the CLA or CLS commands respectively.

Since these commands belong to I2 type-3, the word in memory

location mis stored in the B-register during I It suffices therefore

2

during I, to shift the B-register contents into the A-register, taking

3
required action on the algebraic sign. This procedure is illustrated
for the CLA-CLS commands by figure 21. The B-register is shifted
right and the sign bit in B, . is duplicated in B,, for CLA command and

41 40
reversed in B40 for CLS command.
For CLA 1b40 = B41D3‘D2'D1'C
0P40 = B41'P3'D,'Dy'C
For CLS 1b40 = B41'M0D2D1'C
oPa0 = Ba1MP2P;'C

The rest of the B-register follows the normal right shift,
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B, b, =BC
= !
ObZ Br c
- 1 Rt
By 1Py = BoMC = B M, N 1B, 'C
—_ 1 1 1 1 1
oP1 = By'M(C = B M, NS IE, (1B, ,1C

Everything from the B-register including the sign is copied from

B1 into A41 and on through the A -register.
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(MODED]_ [ ) (D3 132 ’Dl x)

CIS CLA
T

B L B0 - " B, g
37 vits on J-Chainnel
Buq? _
= D—Pp— o’ B
Ay i1 " 439 1 A3 fp -
35 Bits om
A-Chonnel
.'3.1:__,'_"""’ 447 ” __39'% e Ast —- 5t

€0t

a
3

Tho

Figure 21. Operation of CLA -CLS Commands



= ! =
Agr | 1241 = BiMP,'C Ay | 12w = #39
- 1 ' - 1
0241 = By'MyD,C 02w = “39
Ba0 | 1240 = 2a1MeY,C Ay |25 28,6
— 1 — 1
0220 = a1 MoY,© 023 = A4, 'C

a A ] _
Agg 1739 =840 (U) + Ty + MG A 2y = A LM IM, 1T, 'C

13 = 1 1 1
 tM)C 01 = A2 TsMp™p'C

-
0239 = A0 (U #T

B, receives the sign bit stored in B, while the entire A-register con-

40 41
tents are shifted-right one more bit. For a CLA command, B41 is

duplicated in B

40°
1b40 = B (CLA command) C = B‘}:1 3'D2 l'C
0b4 41' (CLA command) C = B4:l 3 Dz'Dl'C
whereas for a CLS command, B41 is reversed in B40
1b40 41 (CLS command) C = B41'M0D2D1'C
‘0b40 41' (CLS command) C = B41M0D2D1'C

The R -register recirculates the information. Because R, is used
as a gate, the recirculation takes place from R, to Ry,.
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The R-register contents at the end of U

R-register one word earlier.

42

41

40

1

1742 = ByMgC
- 1
0722 = Bp'MyC
— ]
1741 = RypMpR3'C
— 1 1
0741 = Ryp MpR,'C
— 1 1
1720 = RgMpC = Ry Egp'Uyy '€
—_ ] ] ! 1
0710 = Rap MpC = Ry 'Eq'Uy, 'C
17w =~ Rao
— 1
0%w = a0
1r2 = ch
— ]
Or2 = Rr C

will be identical with that of the

Also, to force a zero sync bit in R

0’1

= MOT40C

1’

The functions of the CLA and CLS commands are completed in a

single word time, therefore the state change flip-flop leis set at T

one bit time and terminates I_ and M _at T

508-T-6

12

3 0 41
—_ !
1712 = MPp'TyoC
0%12 = T412°
0tz = Np,C
0™0 = N12€

40 for
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It will be. observed that le is used to terminate 13 in the same manner

that N11 was used to terminate Iz.

Add (ADD) and Subtract (SUB) Commands

The command ADD causes the word in memory location m to be
algebraically added to the word in the A-register. The command SUB
causes the word in m to be algebraically subtracted from the word in the
A-register. The R-register is unaffected by either command. MODl

identifies this pair of commands, with D_ being false for ADD and true

2
for SUB (see figure 20). Being type-3 commands, the word in m is gated

into the B-register during 12. It is therefore necessary, during 13, for

the B-register contents to be added to or subtracted from the A-register
contents and the result stored back in A.

The question of whether to perform absolute addition or subtraction
depends not only upon the nature of the command but upon the algebraic
signs of the operands as well. Adlition of absolute values is required
for ADD commands if the operands have the same sign and for SUB com-
mands if the operands have opposite signs. Subtraction of absolute values
is indicated for SUB commands if the operands have the same sign and for
ADD commands if the operands have opposite signs. Flip-flop Eo indi-

cates whether absolute addition or subtraction is required: Eo indicates
addition; Eo' indicates subtraction. The signs of the operands are in

flip-flops A, and B . at 'I'l.

41 41
EO leo = N5C
' Add
— 1 1 ] 1
0% = 41841 MoPR'U T € + 4,8y MgD,'U, T C

1 1] B

A BaMgP,C A "By MDLC
Sub
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Serial Binary Adder

It is well at this point to consider the characteristics of serial
binary addition and subtraction of absolute values.

Serial addition means simply adding one digit position at a time
starting from the least significant end and working toward the most
significant end, each time recording the sum digit and temporarily
storing the carry digit for use at the next digit time. It may be noted
that this is the usual pencil-and-paper method of addition.

Assume the addend and augend are initially stored in the A- and
B-registers, and during addition these registers are shifted-right so
that flip-flops A1 and B1 contain corresponding bits at any given time.
" The bits in Al’ Bl’ and the carry from the previous bit time in flip-flop
Ka,- determine the sum bit, S, and new carry bit. Figure 22 lists

the eight possibkilities that may occur.

Inputs, Time t Outputs, Time (t + 1)
A1 B1 Ka: S Ka

0 0 0 0 0

0 0 1 1 0

0 1 0 1 0

0 1 1 0 1

1 0 0 1 0

1 0 1 0 1

1 1 0 0 1

1 1 1 1 1

Figure 22, Truth Table for Binary Adder

Inspection of figure 22 yields the following logic for the sum flip-flop, S,

S = A
s lB

'K C+A.'B.K 'C+A B.'K 'C+A_B.K C
1 a a a a

1 171 171 11

- 1 1 1 ! 1 1
s Al B1 Ka C+ A1 B KaC +A1B1 KaC + AlBlKa C

0 1

Note in figure 22 that the carry flip-flop, Ka’ changes from 0 to 1 only

when Al and B, are both true, and from 1 to 0 only when A1 and B1 are

1
both false, or
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- 1B !
Oka-Al Bl C

For other combinations of‘A1 and Bl’ Ka remains in the same state.

Ka must always be zero when the addition is started.

If the number in the B-register is to be subtracted from the num-
ber in the A-register, the truth table in figure 23 applies. Note that the
""difference' column is identical in all cases with the S column in the
adder, which means that the S logic can also be used to generate the
difference when performing subtraction. Ka’ which now contains the

"borrow' bit, changes from 0 to 1 only when Al'B1 is true and from 1
to 0 only when AlBl' is true. Thus the Ka logic may be expanded to

cover both absolute addition and subtraction.

Inputs, time t Outputs, time (t + 1)
A B K Difference K
1 1 a a
0 0 0 0 0
0 0 1 1 1
0 1 0 1 1
0 1 1 0 1
1 0 0 1 0
1 0 1 0 0
1 1 0 0 0
1 1 1 1 1

Figure 23, Truth Table for Subtractor

- 1 1
Ka lka = EOAIBIC + EO Al B],C '
(Carry borrow logic)
= 1 1 1 !
Oka. EOAl B1 C+E0A1B1 C

Suppose we desire a more versatile logic system capable of addition
and subtraction involving either the A- and B-registers or the A- and R-
registers. This is exactly the requirement in RECOMP where the
operands, normally in A and B, occur in A and R when converting deci-
mal to binary during fill. Instead of duplicating equipment with two
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adders, the one described above may be modified to perform both jobs
by utilizing R1 and B. as control flip-flops to gate the B- and R-registers

1
respectively into the adder. It is necessary merely to replace B1 by the
"AND'" combination BlRl in the logic for S and Ka above. Bl' then

becomes (BlRl)' =B_ '+ Rl' (by DeMorgan's Theorem). The final logic

1
then becomes

- 1 1 1 1 1 1
S 18 A1 B1 KaC+A1 R1 KaC +A1 BlRlKaC+
(adder-
subtractor
i ! 1 1 1
logic) AlBl Ka C + AlRl Ka C + AlBlRlKa.c
- 1 K ! 1R ! 1IC + 1 R K +
oS AlBl aC+Al lKaC AlBllaC
1 1 !
AlBl KaC +,A1R1 KaC + AlBlRlKa C
- 1 ! 1 1
Ka 1ka-EAlBlRlM4 41C+E AlB R1M4T41C
= 1 1 1 1 1 ! 1C +
Oka EoAl B1 M4 T1 C + EoAl R1 M4
E ! ! 'C+E 'A R ! 'C +
o AlBl M,4 c o 11 M4 c T41C
where T . C in the k_ logic and T, 'in the _k terms ensure an initial
41 o a 41 1 a

zero carry. Also, M4' is obviously true for add -subtract commands,
and Tl' in the Oka term is needed for divide commands and causes
no difficulty here since only the sync (zero) bits are sampled at Tl. If
we set Rl = 1 in this logic it reduces to the simple A + B adder previously

considered. Similarly B1 = 1 yields the logic for an A + R adder. It may

be noted further that if R1 = 0, the sum logic becomes

= 1 1 t 1 ' 1
18 AlBl Ka C +A1Ka C+ A1 B1 KaC +A1 KaC

0
|

= ' ' 1 1 1 1
0 Al B1 KaC+A1 KaC+A1B1 Kac+A1KaC

508-T-6 109



which may be further reduced to

= ' 1
18 = AlKa C + Al KaC

= 1 ]
0 A1 Ka C+ AlKaC

If Ka = 0 also, S will copy A Thus, depending on whether R. =1 or 0,

1’ v 1
S will generate the sum A + B or copy A, a fact that will prove extremely
useful in multiplication.

First Computation Cycle, U1

Having mastered the fundamental serial adder-subtractor, we are
now in a position to consider the detailed 13 logic associated with the ADD

and SUB commands. At the start of I_, the A- and B-registers contain

3’

the operands in theit normal positions, EO = 1 indicating absolute addition,
and K = 0.
a
leo = N5C
0%a = T41©

Figure 24 illustrates the events that transpire during U1 for ADD com-

mands. The diagram can also apply to SUB commands by interchanging
the B, . output lines, The first clock pulse, U1T1C’ sets R1 = 1 for gating

41
into the adder, sets A . = 0 for clearing the A-register to zero, and sets

41

E‘3 = 0 if absolute subtraction is required.

0%a1 = MpU; T, €

Operands in both the A- and B-registers are shifted-right during Ul.
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111

Adder-

tracton

Em—
A 420 39 35 bits on ) 4, 3
A-channsl ' :
1] )
T At 40 439 > =) 8 S
» Absolute Addition, [a] + B
Absolute Subtraction, ([ - [B]
o B B
2 —_*__D.,
37 bits on B=channel Sub-
B B' H=p
B2 LAY » %40 » %2 Ll By
. 37 bits on Rechamel
t . ¢
'—al B2 Bt o %0 > Ry —l r B
Tgo

Figure 24. Operation of ADD Command During U;




B0 [1220 = 2a1MoU1C | A1 121 7 AMeC = A,1Mg p C
= 1 - 1 ' ' '
0a40 A4=1 MOUIC 0 1 AZM CcA I3M1M T
- 1] =
Azq [ 1239 = A4oMy'C Be | 1Pw = Bao
= t 'C - 1
0%39 = fgo™;'C 0°w = Bao
AW law = A39 BZ 1b2 = Brc
—_— 1 p— ]
02w = “39 0Pz = B,'C
—_ — = 1 1 1
Aj 123 = 4.C B, | 1Py = BpMC =B M 4N E,,'C
= ! = 1 tM ! ' ! '
023 =A.'C 0Py = B,MC = B, 'M, ) IN TR, Eg'C
— 1
AZ laZ = A3MOC =A3I3MZ C
—_ 1 1 ]
022 = A3 MpC=ATMC
Rl being true during bit times 2, 3,...,40, the significant operand
bits 3y Bgyeeee. 240° and bz, b3, ‘e ,b40, appear successively in flip-

flops A1 and B1

respectively for gating into the serial adder-subtractor.

The sum or difference is generated serially in flip-flop S and then re-

40°

written back in B

1b40

SMODIC

0b40

1
S MOD'IC

The sum digits are now shifted through the B-register by the logic for

Bw’ B_ and B_ above.

2 1

112

Note that the sum is written in B

40 rather than
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B41, because the Sflip-flop in the adder introduces a delay of one bit
time. This delay must be compensated for by shortening the B-register

by one flip-flop, B41, (S may be considered as replacing B4:1 in the 41-

bit B-register).

The zero written in flip-flop A41 at T1 is propagated down through

the A-register by the regular shift logic above, and the A-register is
cleared since R, is being used for gating, The contents of the R-register

1
are preserved by recirculation from RZ to R42 instead of the normal R1
to R41.

Ryz 1742 = RoMo©
0Ta2 = By'MgC
Rar 1741 = RapMoR5'C
— 1 1
0741 = Rgp'MpR5'C
Ryo  [17a0 = RarMoC =Ry B30 U4, C
—_ 1 1
0740 = RgMpC SRy 'E50' Uy, 'C
R r =R
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R 1"2=R C
Tr

- 1
Or2 Rr C

The most significant non-sign bits, a4, and byg, are gated into the
adder-subtractor at TygC, and Rj is turned off at this time,.

0F1 7 MpTy©

At T41, Ry = 0 reduces the sum logic to

s — 1 ) f
1" = (A|K_'"+A 'K)T,C

s —_ 1 1
0 =(A 'K_'+AK)T,C

at which time Aj contains the sign of A, and K, the carry or borrow bit
resulting from the addition or subtraction of agg and byg-

Summarizing the situation at the end of the first computation cycle,
Uy, the A-register has been cleared to zero, the B-register contains
|A| + 'Bl and the R-register is unchanged. Interpretation of the new
B-register contents in terms of S, K, and Ej occurs in the second
computation cycle, U,.

Second Computation Cycle, U

Depending upon the relative signs and magnitudes of the original
operands, four distinct cases will be considered during Up. These are
summatrized in figure 25 and described in detail below. Figure 26 illus-
trates the general flow of information during U,.

Case I: A and B have the same sign (i.e., lAI + IB' is performed
during U;) and lAI + |B| <1,

Since RECOMP considers the binary point between the sign and
most significant bit, lAl + IB' < 1 means that there is no carry bit left
over from the addition of agy and byg so that K, = 0 at U1 T4 at which
time S copies the sign of A from flip-flop Aj. Obviously in Case I, both
A and the sum A + B have the same sign which, if positive (binary 1),
sets flip-flop Ay at the next bit time.
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.a' - t
1741 = SMOJv0 U2T1C

where Jog = 0 for Case I. If the sign is negative (binary 0), no logic is
needed since Ay was zeroed in U;.

During Uj the zero contents of the A-register and the sum IAI +
I BI in the B-register are added, since Eg remains true, and the re-
sulting sum, again |A| + Bl » is written back in the A-register.

a
A4O 1740 SMOUZC

a
1
0 40 SMOUZC

1]

Writing occurs in Ayq instead of Ay, to compensate for the one-bit delay
in the adder. Logic for shifting the A- and B-registers and recirculating
the R-register is the same during Uy as Uj;. R, is also set for gating B

into the adder as in Uj.

Case II: A and B have the same sign (i.e., |A| + |B| is performed
during U,) and |A‘ + |B| > 1. :

In this case, |A| + |B' > 1 means that a ""one'" carry bit is left in
K, at U,T from the addition of the most significant bits agg and byg.
The overflow flip-flop, Jg, is set and activates the neon overflow light
on the computer's control panel whenever such an addition overflow
occurs.

J
1’0 =
J, |0 =EK MUT, DC

The overflow carry bit is the integer part of |A| + lBI and has the
numerical value = 1, while the quantity remaining in the B-register at
the end of Ui is the fractional part |A + |B] -1. With Eg remaining
on during U,, this B-register content is added to the A-register's
zero contents and the sum is written back in A.

Since Ka = 1 and R1 =0 at U1T41, the sign of A is reversed in
flip-flop S. But the sign of the result should agree with the sign of A in
this case. Therefore, at the next bit time, Ule, another sign reversal
occurs in the transfer from S to Ayxj.

a = 1
141 =58 MOJOUZTIC

where J identifies Case II. Again, no logic is needed for the minus
sign since Ay] was already zero.
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Case III: A and B have opposite signs (i.e., IAI - IBI is per-
formed during U;) and |Al2 IBf.

During U; the smaller absolute value was subtracted from the
larger leaving no overborrow in K, at U;T4;. Hence, there is no sign
reversal in S nor does JO get turned on, and the Case I term

a
- 1
141 = SMOJO UZTIC

copies the sign of A as required for Case III.

During U the correct result, lAI - IBI , was produced in the B-
register while the A-register was cleared to zero. Thus the adder must
be set for addition in U,,

e. 'h
IO—Ka MO T41aC

From the above it is clear that Case III requires identically the same
logic as Case I during U).

Case IV: A and B have opposite signs (i.e., 'A' - IBl is per-
formed during U;) and 'IAI < |B|

During Uj the larger absolute value was subtracted from the
smaller leaving an overborrow in K; at UjT4;. Thus the contents of
the B-register are actually the result of subtracting 'BI from 1 + IAI,
or A - B+ 1 as indicated in figure 25. The A-register is cleared to zero
during Uj as usual. If we repeat absolute subtraction during U,, where
again the larger absolute value is in the B-register (A - B+ 1 =0), an
overborrow recurs. As seen during Uj, this is equivalent to subtracting
the B-register contents from the A-register contents augmented by 1.
Thus the Up result, written back in the A-register, becomes (1 + 0) -
(A-B+1) =B - A as desired. With K, = 1at U;T,;, E, remains
false during U,, thereby assuring subtraction.

[¢)

For Case IV, clearly the sign of the original B-register contents
should prevail. At U;T4; the sign of A was reversed in S because of
K, = 1. Also, Jg is not set since Eg = 0 for Case IV. Therefore at
U,T; the reversed sign of A is copied into Ag] by

a
= 1
1741 SMOJO UZTIC

Since A and B originally had opposite signs, this reversed sign of A is
the correct sign of B exactly as required.
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Figure 25. Summary of ADD and SUB Command Cases
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Operation of ADD and SUB Commands During U,




Notes:
Rg through R
irrelevant

X--Irrelevant
bit

0--Means flip-
flop zero-set
by logic term

B4) Remains
static in I3

Other terms in
A & B are
standard re-
circulating logic.

CASE I: Example of ADD Command with Absolute Addition Required
(ADD) +13 (ADD) +.1101
F 2 +.0010
+15 +.1111
A B R
Eo Ka S 654321 654321 1
T1 1 0 X +11010 +00100 X
T2 1 0 0 0+1101 +X0010 1
U1 T3 1 0 1 00+110 +0X001 1
T4 1 0 1 000+11 +10X00 1
T5 1 0 1 0000+1 +110X0 1
T6 1 0 1 00000+ +1110X O
Tl 1 0o + 000000 +11110 O
T2 1 0 0 +4+40000 ++1111 1
U2 T3 1 0 1 +0+000 +0+111 1
T4 1 0 1 +10+00 +10+11 1
T5 1 0 1 +110+0 +110+1 1
Té 1 0 1 +1110+ +1110+ O
T 1 0 X +11110 +#11110 O

Important Logic:

508-T-6

e
10 = N.C
r
171 =M T,C
0"1=M T,  C
= Mo 40

a1 = '
1741 = SMOVJ0 U2T1C

0%4l=M U.T.C
g 171

b
1741 = SMoch

0°41=S'M D.C
st

a
1740 = SMOUZC

a_.
40= S!
0 S MOUZC
.—k_—_ﬁ——J
a =
0 T41C

S
= !
1 (AlKa + A 'K) T,,C

s — 1 1
0" = (A 'K_'+AK)T, C
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CASE III: Example of ADD Command with Absolute Subtraction Required

(ADD) +13 (ADD) +.1101
- 2 -.0010
+11 +.1011
A B R
o ¥a ° 654321 654321 1
T1 1 0 X +11010 -00100 X
T2 (o] 0 0 0+1101 -X0010 1
T3 0 0 1 00+110 -0X001 1
U T 0 1 1 000+11 -10X00 1 Notes:
1 4 = .
) Rg -Rp irrelevant
T5 0 0 0 0000+1 -110X0 1
X--Irrelevant bit
T6 0 0 1 00000+ -0110X O

_0--Means flip-flop
zero-set by logic

T 1 0 1 000000 -10110 O

1 — term
-+
TZ 10 0 ++0000 1011 1 B4j] remains static
U, T, 1 0 1 +0+000 -0+101 1 inl3

+ - +
T4 ' ° : *10%00 torio 1 B are standard re-.
T 1 0 0 +110+0 -110+1 1 circulating logic
5
T6 1 0 1 +0110+ -0110+% O
T 1 0 X +10110 -10110 O

1

Important Logic:

Other terms in A &

508-T-6

e _ \ b
1% = N;C+K_'MyT, C 1740 = SM,D C
e _ ) . b _q
0 g = A48y, 'MpD, '0; T\ C 040 =5'MyD,C
r a
1"} =M,TC 1%,0 = SM U,C
o', =M.T.  C 0%, =S'M_U.C
1= Moy 40 0°2
a ; s _ ) )
1%, =SMJ U, T C | 1°=(AK'+A 'K)T, C
a _ s —_ 1 1
0%, = MyU,T,C 0% = (A 'K'+AK) T, C
Oa = T,,C




CASE IV: Example of SUB Command with Absolute Subtraction Required

(Subtract) +2
X3
-1
Eo K
Tl 1 _0_
T2 0 0
T3 0 1
Ul T4 0 1
T5 0 1
T() 0 1
T, 0 o0
T2 0 0
U2 T3 0 1
T4 0] 1
T, 0 1
T6 0 1
T 0 0

Important Logic:

(Subtract) +.0010

+.0011

-.0001
A B R

. S

654321 654321 1
X +00100 +00110 X
0 0+0010 +X0011 1
1 00+001 +0X001 1
1 000+00 +10X00 1
1 0000+0 +110X0 1
1 00000+ +1110X O
0 000000 +11110 0
0 -00000 +01111 1
1 -00000 +00111 1
0 -10000 +10011 1
0 -01000 401001 1
0 -00100 400100 0
X -00010 +00100 O

- e
1°0=N; C
e .
0% = A,,B, M D,C
r.‘
1"1=M,T C
0F1=M. T, C
770 740
1%41. =M J _'U.T.C
-~ 500 271
a
0% =M U TC

508-T-6

Notes:
R6-R2 irrelevant

X--irrelevant bits

0--means flip-flop
zero-set by logic
term

B41 remaing static
in 13

Other terms in A &
B are standard re-
circulating logic

bgo _
1 =SM D C

040 _ g1y D,C

0

a.

1240 _sm U.C

02

240 _ ar
0 ) MOUZC

S —_ 1 t : /
=K "+ A KR Ty, C

8 - 1 1
0" = (A 'K '+AK)T,C

k

o&=rT

4

1C
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The ADD and SUB commands having been completed at the end of
Uy, Nj, is set which terminates I3.

1” 12-M M U2T40C

i
03—N12C ]

Multiply Unrounded (MPY) and Multiply Round (MPR) Commands

The command MPY causes the word in memory location m to be
multiplied by the word in the A-register to obtain a double-length (78-
bit) product whose most- and least-significant halves are stored in the
A-register and R-register, respectively. MPR performs the same
operation and rounds-off the product to the portion in the A-register,
i.e., 39 binary places. Flip-flop M identifies the multiply commands
(figure 20) with D' and D, indicating the MPY and MPR commands re-
spectively.

Several things may be noted from the preceding example. A 1 or
0 multiplier bit, times the multiplicand)yields the multiplicand itself or
a string of 0's respectively. This means that a partial product is formed
by either adding or not adding the shifted multiplicand to the previous
partial product. In RECOMP this addition is performed by the same
adder that is used for the ADD and SUB commands. The option of add-
ing or not adding the multiplicand, stored in the B-register, to the
partial product, stored in the A-register, is provided by flip-flop R
which gates Bj into the adder. Rj) must therefore contain the applicable
multiplier bit. This is accomplished by initially placing the multiplier
in the R-register and subsequently shifting it one bit to the right before
performing each addition.

Note also that the length of the partial product starts at one word
and increases by one or two bits for each multiplier bit until it becomes
two words long as the final product. This appears to indicate that another
arithmetic register is required. Fortunately, once a multiplier bit has
performed its function, it is no longer needed and may therefore be
sloughed off to make room for an additional partial product bit. Thus,
the next least significant partial product bit is right-shifted out of A and
into R each time a multiplier bit is discarded from R until the final
double-length product occupies the entire A- and R-registers as indi-
cated in figure 27,

Furthermore, shifting the A-register one bit to the right is

equivalent to shifting the B-register one bit to the left when adding A
and B. The first method has the advantage of being a natural outcome
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"of the process mentioned in the preceding paragraph and at the same
time simplifies the B-register logic to that of normal recirculation.

Serial Binary Multiplier

Multiplication of binary numbers follows the same 'pattern as
multiplication of decimal numbers as demonstrated in the examples of
figure 27. Starting at the least significant end, digits of the multiplicand
are successively multiplied by the least significant digit of the multiplier
and the result recorded. The process is repeated using each digit of the
multiplier in turn, with the result at each step being shifted-left corre--
sponding to the position of the multiplier digit. When all multiplier
digits have been exhausted, the results are added together to obtain the
final product.

Ignoring signs for the moment, consider the operation in terms
of the computer. The addition process that yields the final product
would appear to require an adder having 39 inputs, not to mention tem-
porary storage for 39 words. This problem is overcome by performing
the addition as the multiplication proceeds, obtaining a new partial prod-
uct after each multiplier bit is used up. In figure 27 for example
the least significant multiplier bit (1) times the multiplicand (=1010)
yields the first partial product (=1010). The second least significant
multiplier bit (0) times the multiplicand (=1010) yields the quantity 0000
which is shifted one bit left and added to the first partial product to ob-
tain the second partial product (=01010). In general the nth least signifi-
cant mult1p11er bit times the multiplicand is shifted and added to the
(n-1)th partial product to obtain the nth partial product. When finally n
becomes equal to the number of bits in the multiplier, the nth partial
product is the final product and the rriultipli'cation process is completed.
In the example shown, the multiplier (=1101) has four bits; hence the
fourth partial product is the final product.

First Computation Cycle, U,

Multiplication being I, type-3 commands, the multiplicand was
read from memory and stored in the B-register during I, which is
exactly where it is required for the operation. Before starting the
multiplication process, the multiplier must be transferred from the A-
to the R-register, and the A-register must be cleared to zero before
accumulating any partial products. These preliminary operations are
performed during the first computation cycle, Uj, as illustrated in-
figure 28. The A-register is cleared by setting A4 to zero at T and
shifting right. Simultaneously the A-register contents are transferred
serially to the R-register by having R4 copy A, while the R-register is
likewise shifted right.
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Decimal Binary Binary with Partial Products
10 - 1010 1010 Maltiplicand (B-reglster)
13 = 1101 110). Fultiplier (R-re.dster)

-0 0 @ —> O0ICI0 First P.P, (A-register)
10 0000 A Co000
kN < 1010 ( Second P.P-
——, _1010 T 010
0000010 S—u T0IIPIG Third P.P.
01010
iCCP0I0 Fourth P.P. = Final Product
Hare LCSO
Significant} Significant
L-regj (R-res.)
Figure 27. Multiplication Example
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Figure 28. Multiplication During U1



Qa41 =MD, 'T,C
Ay 1240 - A, MU C
o-a4o = A, 'MT,'C
Asg 139 = A,UC
0%39 = A, 'UC
A, 1%2 = AM,C =A313M2'C
0%2 = AS'M C=A_IM,'C
R, 1741 = AM D, 'C
0741 = A,'M,D.'C
R,, 1740 = R, ,M,C =R41E30'U41'C
0740 = R41'M’1C =R41'.E30'U41'C
R, 1%1 =R,M UC
071 = R,'M U C

Note that A} was by-passed in the preceding process. Consequently, at
the end of U] the entire multiplier will be displaced one bit to the right
in R with respect to its original orientation in A, i.e., the least signifi-
cant bit a, will be in Ry, a3 in Rz; .., the sign bit ag) in Ry, and
zero in Rq). Obviously the original contents of R are destroyed during
Uj.

The multiplicand in the B-register is preserved by recirculation.

B41 1b41 = BIMIC =BITX'MO'M8'M10'I3C
0b41 = BIIMIC=B1'T:_<'MO'M8'M10'I3C
B40 1b40 = B41M1C=B41MO 'M3'C |
0b40 = B41'M1C=B41'M0'M3‘C
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b
1 M M. 'N_'E__!
B, 1=B,MC=BM, N E,,'C

Obl

1 ] 1 ] ] 1]
B,IMC=B,IM, N IR, 1ES,'C

The multiplication example of figure 27 is detailed in figure 29 to
show exactly what takes place in the computer. For convenience, this
6-bit example has been chosen for illustrative purposes in lieu of a
standard 41-bit RECOMP number. As a result, Ty in the example cor-
responds to Ty, in RECOMP, etc. During U;, note that zero is set into
the leading A-register bit, Ay, at T) (thereby making Ag = 0 during T))
and is shifted down through A, In the mean-time the multiplier bits are
shifted from A) to R¢g and down through R while the original R contents,
indicated by X's, are dumped off the right end of R. The multiplicand
is recirculated by By copying B; and shifting.

Several other functions are performed during U;. The algebraic
sign of the product is determined and appropriately stored. The signs of
the multiplier and multiplicand, initially in A4j and By; respectively,
are sampled in Ap; and B at T4,. If the signs are the same, a plus
sign is indicated and Ry3 is turned on.

r _ 1 1 1
1 43 - AlBlI3UlTX M4lT4laC +A1'Bl'13UlTX'M4 T41a.c_ (M4 T41a=M41)

If the signs are opposite, a minus sign is indicated. No logic is
necessary for Rys since it is already off due to

T
0 43—T40C

At Tj in the second word time (U)) A4 is turned on (for a plus sign) by
Ry3 true. '

a
141 = R43M1U2T1C

For a minus sign, A4y was turned off at Tj in U; for clearing the A-
register and just remains off.

a —_ 1
0 41 = M1D3 T1C

At first observation, it would appear that Ag] is hit on both sides at
U,T; time. However, this is prevented by turning D3 on at T4 of Uj.
d

13 = M1T41C

Thus, D3 is on for the remainder of multiplication.
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L A R B R
oy 65L321 |65L321 651.321% Notes
Ti ‘ -11010 |xxxxxx |-1010 x's represent
'1’2 not 1101 {1lxxxxx |0-~1010 |X irrelevant in-
T,| wea Po-110 01xxxx fo0-201 |x| formaton
U { 7| during l000-21 [101xxx |100-10 |x[2meansflip-flop
i . zero-set by
Tg U [p000-1]1101xx [0Y00=-1 |X| jogicterm.
Tg [ 00000~ |x1101x 101&2
o *
('rl o Ix 1050000 |0x21p3|-10100%1I0for MPY, 1 for
r,l0 lo {50000 |[Fox111 [o-1010 MPR
7.]0 |o [+x0o000|100x11]00-1021{ ['indicates flip-
W . flop remains
?,| 0 |1 [*x0000 1100x1 10.0—1(? in previous
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Figure 29. RECOMP Multiplication Process (MPY)
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Rounding the final product to 39 bits is accomplished by adding
binary "1" in the next bit<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>