
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































DATA SYSTEMS TECHNICIAN 3 & 2 

program. If the program is lengthy, it is likely 
the coded program, as stored, has errors. 
Three common types of errors are: 

1) Tape preparation errors made in the 
program for input. 

2) Coding errors, such as listing incorrect 
or incomplete addresses, tranposition of digits 
in the y addresses or operation codes, and 
transcription errors. 

3) Logical errors: incomplete or erroneous 
method used to obtain the solutions. 

Debugging is the term applied to the process 
of locatihg errors in a program and correcting 
them. Debugging a program usually involves a 
series of trial runs of the program on the 
computer. Each time the program fails to run 
properly, the failure must be analyzed, and 
the error corrected. Frequently one can im­
mediately discover the error, correct it manually 
from the console, and proceed with trial runs. 
At other times the detection of errors is more 
difficult and requires a thoughtful reconsidera­
tion of the program, keeping in mind any clues 
which may have been provided as to the origin 
of the error during the run. 

The methods that can be used to debug a 
program vary depending on the nature of the 
programs, the service routines available, the 
availability of computer time, and personal 
preference of the individual for one procedure 
over another. The following discussion suggests 
possible patterns to follow in debugging. 

PAPER TAPE PRE PARA TION ERRORS 

This type of error can be minimized by 
systematic checking of all input tapes before 
their information is read into the computer. 
The usual method used to prepare input tapes 
is as follows: 

Step 1. Use the typewriter or teletype equip­
ment to punch tape from the coder's manuscript. 

Step 2. Discard the resulting typed manu­
script from the typewriter. 

Step 3. Prepare a new typed manuscript 
from the punched paper tape. 

Step 4. Compare the typed manuscript with 
the coder's manuscript to detect errors in 
punching. 

Step 5. Correct all detected punching 
errors, and prepare a new tape. 

Step 6. Obtain from the corrected punched 
tape a new manuscript which should be retained 
by the coder to use while debugging. 

MANUAL DEBUGGING 

Manual debugging is the process used to 
locate errors in a program by controlling the 
operations of the program from the console 
and visually checking these operations as they 
occur and indicate on the control panel. Although 
manual debugging does not make for efficient 
use of computer time, it can, if done correctly, 
reduce the overall time required to debug a 
program because versatility is afforded a pro­
grammer. In preparing a finished program that 
can be inserted into the computer in machine 
code, the following steps must be taken: 

Step 1. Analyze the entire problem. 
Step 2. Construct �t�~�e� flow diagram which 

shows . the general computational steps to be 
taken. 

Step 3. Create the program written in terms 
of computer instructions. 

Step 4. If the program in Step 3 is coded in 
octal, the program is ready for execution after 
being put on the paper tape and loaded into 
the computer. 

Step 5. Perform the debugging of the pro­
gram by means of trial runs on the computer. 

PREVENTIVE MAINTENANCE 

Maintenance procedures used with the com­
puter differ from the normal procedures used 
with other electronic equipment. Computer 
maintenance requires a logical analysis of a 
malfunction rather than an electronic analysiS. 
It is essential that maintenance personnel be­
come familiar with transmission paths within 
the computer. This is helpful in determining 
the failing area of the computer by taking note 
of the visual indications on the console when a 
malfunction occurs. It is also essential that 
maintenance personnel become familiar with 
the programs and routines being run in the 
computer. In this way, when a malfunction 
occurs, the correct maintenance routine (pro­
gram) can be loaded into the computer to 
check the failing area. 

The maintenance routines isolate malfunc­
tions to a particular section or functional part 
of the computer. When a malfunction is isolated 
to a particular section, it can be further isolated 
to a printed circuit card or cards by using 
an oscilloscope �~�n�d� a multimeter. 

A main executive routine is used to test 
performance characteristics of the computer 
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circuits. The executive routine consists prin­
cipally of subexecutive maintenance routines 
as follows: J CONTROL, K CONTROL, COM­
MAND, CONTROL, and ARITHMETIC. 

Because of the extensiveness of these 
routines, and because they vary from one 
computer to another, maintenance personnel 
should refer to the appropriate instruction 
manual for this information. 

Maintenance routines are used for preventive 
and corrective maintenance on the computer. 
When the routines have been loaded into the 
computer, the control routine (see the technical 
manual) takes command and runs all tests 
that check the various sections of the computer. 
Ideally all sections of the computer should be 
checked on a daily basis except the I/O sections 
which should be checked weekly. 

When a preventive maintenance routine is 
being run, a malfunction occurring in the section 
of the computer being checked causes an error 
typeout. The explanation of the error typeouts 

accompanies the explanation of the specific 
routine being run. 

The routines used for daily preventive mainte­
nance are run at normal clock frequency, normal 
clock pulse width, and with normal bias voltages. 

Marginal checking of memory must be done on 
a weekly basis. Marginal checking of each ofthe 
logic chassis must also be done ona weekly basis. 
The marginal checks are performed while run­
ning the daily preventive maintenance routines. 

By using marginal checks, any cards or 
components deteriorating from age or usage 
can be detected before an actual failure occurs. 
This tends to reduce the actual downtime of 
the computer. When a malfunction occurs during 
marginal checking, the defective component 
should be replaced immediately. If time does 
not permit an immediate replacement of the 
defective part, operation of the computer cari 
be attempted under normal operating conditions 
until time allows for the replacement of the 
defective part. 

451 



APPENDIX I 

TRAINING FILM LIST 

Certain training films that are directly related to the information 
presented in this training course are listed below under appropriate 
chapter numbers and titles. Unless otherwise specified, all films listed 
are black and white with sound, and are unclassified. For a description 
of these and other training films that may be of interest, see the United 
States Navy Film Catalog, NavPers 10000 (revised). 

MN8969A 

Chapter 2 

INTRODUCTION TO COMPUTERS 

Digital Computer Techniqi<es-Introduction. (20 min-1962-
(Unclassified.) 

Chapter 3 

NUMBER SYSTEMS 

MN8969B Digital Computer Techniques Computer Logic Part I Binary 
Numbers. (20 min-Color-1962.) 

MN8969C Digital Computer Techniques Logic Part II-Logic Symbology. 

Chapter 4 

CONTROL UNIT 

MN8969D Digital Computer Techniques-Computer Units. (24 min­
COlor-1962.) 

MN8969E Digital Computer Techniques-Logic Element Circuits. (16 
min-Color-1962.) 

Chapter 5 

ARITHMETIC UNIT 

MN8969D Digital Computer Techniques-Computer Units. (24 min­
COlor-1962.) 

MN8969E Di (16 
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Chapter 6 

MEMORY AND STORAGE UNITS 

MN8969D Digital Computer Technique-Computer Units. (24 min­
COlor-1962.) 

MA9820A Magnetic Cores-Part I-Properties. (29 min-1962.) 

MA9820B Magnetic Cores-Part II-Basic Circuits. (30 min-1962.) 

Chapter 7 

INPUT/OUTPUT DEVICES 

MN8969D Digital Computer Techniques-Computer Units. (24 min­
Color-1962.) 

Chapter 8 

PROGRAMMING 

MN 8969F Digital Computer Techniques-Programming. (14 min.­
Color-Unclassified-1962.) 

Chapter 9 

ANALOG-DIGIT AL AND DIGITAL-ANALOG CONVERSIONS 

MN 8969A Digital Computer Techniques-Introduction. (20 min.-
Color-Unclassified-1962.) 

Chapter 10' 

NTDS COMPUTER CONTROL SECTION 

MN 8969D Digital Computer Techniques-Computer Units. (24 min.­
Color-Unclassified-1962.) 

MN 8969F Di "tal computer Techniques-Programming. (14 min.­
Color-Unclassified-1962. 

Chapter 11 

NTDS COMPUTER ARITHMETIC SECTION 

MN 8969B Digital Computer Techniques-Computer Logic-Part 1-
Binary Numbers. (20 min.-Color-Unclassified-1962.) 

MN 8969D Di ital Computer Techniques-Computer Units. (24 min.­
C olor-Unclassified-1962. 
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Chapter 12 

NTDS COMPUTER MEMORY SECTION 

MN-8969D Digital Computer Techniques-Computer Units. (24 min.­
COlor-Unc1assified-1962.) 

MN 9820A Magnetic Cores-Part I-Properties. (20 min.-Color­
Unclassified-1962.) 

MN 9820B Magnetic Cores-Part II-Basic Circuits. (20 min.-Color­
Unclassified-1962.) 

Chapter 13 

NTDS COMPUTER INPUT/OUTPUT SECTION (PART I) 

MN 8969D Digital Computer Techniques-Computer Units. (24 min.­
COlor-Unclassified-1962.) 

MN 8969E Digital Computer Techniques-Logic Element Circuits. (16 
min.-Color-Unclassified-1962.) 

Chapter 14 

NTDS COMPUTER,INPUT!OUTPUT SECTION (PART II) 

MN 8969D Digital Computer Techniques-Computer Units. (24 min.­
Color-Unclassified-1962.) 

MN 8969E Digital Computer Techniques-Logic Element Circuits. (16 
min.-Color-Unclassified-1962.) 

Chapter 15 

OTHER NAVY COMPUTERS 

MN 8969A Digital Computer Techniques-Introduction. (20 min.-
Color-Unclassifed-1962.) 

MN 8969B Digital Computer Techniques-Computer Logic-Part I­
Binary Numbers. (20 min.-Color-Unc1assified-1962.) 

MN 8969D Digital Computer Techniques-Computer Units. (24 min.­
C olor-Unclassified-1962.) 

MN 8969F Digital Computer Techniques-Programming. (14' min.­
Color-Unclassified-1962.} 
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Chapter 16 

TEST EQUIPMENTS 

MA-7812A Circuit Testing with Meters and Multimeters-Theory. (35 
min.-Sound 1951.) 

MA-7812B Circuit Testing with Meters and Multimeters-Practical 
Applications. (33 min.-Sound-1951.) 

MN-8687B Reading Multimeter Scales. (6 min-Sound-1956.) 

MN-2104B The Cathode Ray Oscilloscope. (23 min-Sound 1944.) 

MN-2104A The Cathode Ray Tube-How it Works. (15 min-Sound-
1943.) 
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APPENDIX II 

GLOSSARY 

Special computer terms and their specific meanings as applied to this computer are given below. 

ABORT-The condition in the computer that 
results in the skipping of the next sequential 
instruction. 

ACCESS TIME-The time interval, charac­
teristics of a memory or storage device, between 
the instant information is requested from mem­
ory and the instant the next request for informa­
tion from memory can be made. 

ACKNOWLEDGE-Indication of the status of 
data on the input/output lines. Abbreviated as 
ACK. 

ADDRESS-A coded number that specifically 
deSignates a computer register or other internal 
storage location. Information is referenced by its 
address. Portions of computer control are re­
sponsible for directing information to or from 
an addressed location. 

ADDRESSABLE-Capable of being refer­
enced by an instruction; e.g., Enter A (f = 11). 

ARITHMETIC-A section within the computer 
where reasonable processes such as addition, 
subtraction, multiplication, and division are per­
formed, and operands and results are stored 
temporarily. 

BINARY NUMBER SYSTEM-A number sys­
tem with two symbols (ItO" and "1") that has two 
as its base just as the decimal system uses ten 
symbols (ItO, 1, •.. , 9") and a base of ten. See 
also POSITIONAL NOTATION and RADIX. 

BIT-A binary digit, zero or one, represented 
in the computer by the condition (set or clear) of 
a stage. 

BIT PLANE-Two memory boards that con­
tain the same relative bit position for each of 
32,768 memory locations. Bit pOSition is defined 
by the associated stage in the Z register. Bit 
plane control is 'concerned with the parallel 
transmission (flow) of information into and out 
of memory on a bit plane level. 

BOOTSTRAP-A routine, normally input, 
contained in the 16-word wired memory. 

BORROW -A borrow in subtraction is the 
additional subtraction of a one from the next 
partial difference and is initiated when a digit of 
the minuend is zero and the corresponding digit 
of the subtrahend is one. In a binary system of 
modules 2k - 1, where k is the number of stages 
in a register, the borrow produced from the 
leftmost digit 2k - 1 of the minuend is called the 
end-around borrow. A final correction is made 
by applying the end-around borrow to the partial 
difference of the rightmost digits. 

BRANCH POINT-A point in a program or 
instruction where a decision is made on the 
basis of arithmetic results. The result of the 
decision indicates whether the main program is 
to be continued or branched to a different pro­
gram. See also JUMP. 

BUFFER-Mode of operation that involves 
inter-equipment data transfer; the final holding 
register on the computers output i.e., the C 
registers. 

CAPACITY-The upper and lower limits of 
the numbers that may be processed in a com­
puter register. 
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CENTER BOARD-The printed circuit board 
that distributes the outputs of the secondary 
windings of the drive current (section) trans­
formers to the X and Y drive lines on the mem­
ory boards. One printed circuit connects eight 
drive lines to one secondary winding of one se­
lector transformer. 

CLEAR (verb)-To restore a storage or 
memory device to the zero state. 

CODED PROGRAM-A procedure for solving 
a problem by means of a digital computer. The 
program may vary in detail from a mere outline 
of the procedure to an explicit list of instructions 
coded in machine language. See also PROGRAM. 

COLUMN-In positional notation, a position 
corresponding to a given power of the radix. A 
digit located in any particular column is a co­
efficient of a corresponding power of the radix. 

COMMAND-One of a set of signals or groups 
of signals resulting from an instruction. Com­
mands initiate the individual steps of the in­
struction. See also INSTRUCTION. 

COMPLEMENT-A number that meets con­
ditions (1) or (2) as follows: (1) True comple­
ment: a number (n) with ltd" digits which, when 
added to a starting number(s), produces a sum 
having all zeros in the "d" digit columns and a 
one in the d + 1 digit column. Method: to find 
the complement, subtract one from· the radix, 
then subtract each digit from this difference, and 
then add one to the least significant digit, exe­
cuting necessary carries. (2) Radix minus l's 
complement: a number (n) with ltd" digits which, 
when added to a starting number(s), produces a 
sum having radix less one in each of the "d" 
digit columns. Method: to find the complement, 
subtract each digit from the radix less one. (3) 
The one, when added to the radix minus l's 
complement, produces the true complement. 

CONTROL-The computer circuits that affect 
the carrying out of instructions in the proper 
sequence, the interpretation of each instruction, 
and the application of the proper commands to 
other sections and circuits in accordance with 
the interpretation. 

COUNTER-A device capable of increasing 
or decreasing its own contents upon receipt of 
separate input signals. 

CORE MATRIX-An array of cores, each of 
which represents the same column for each 
storage register in the magnetic core storage 
system. 

CORE STORAGE-A type of storage system 
in which the magnetic core is the basic memory 
element. 

DEBUG-To isolate and remove all malfunc­
tions from the computer, or all mistakes from 
a routine or program. 

DIGIT-One of a set of characters used as 
coefficients of powers of the radix in the posi­
tional notation of numbers. 

DUMP-Transfer of informat~on from one 
piece of equipment to another (normally from 
computer to external eqUipment such as paper 
tape, high-speed printer, etc.). 

ENABLE-:oA "0" Signal allowing other con­
ditions to be sampled. (Verb) - The application 
of "0". 

END-BOARD ASSEMBLY-The assembly of 
eight printed circuit diode boards, and the in­
cluded diodes, mounted on each end of the mem­
ory stack. The end-board assembly connects 
each line selector to eight drive lines and iso­
lates the seven lines that are not driven from 
the drive line. 

FAULT-The condition resulting from the 
execution of an improper instruction, as follows: 
(1) Illegal function code (00, 77) jump to fault 
entrance address (00000) and light FAULT light. 
(2) Divide instruction (f = 23) with the d~visor 
equal to zero, or inappropriate size numbers in 
quotient overflow. 

FLOW DIAGRAM-A graphical representa­
tion of a sequence of operation. 

FUNCTION CODE-The portion of the in­
struction word (bits 229 - 22'1) that specifies to 
the control section the particular instruction 
which is to be performed. 

HALF-SUBTRACT-The bit-by-bit subtrac­
tion of two binary numbers with no regard for 
borrows. Abbreviated as HS. The complement 
of the half-subtract is "half-subtract not", 
abbreviated as HS. 
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INSTRUCTION WORD-Designators specify­
ing a particular function. The designators are 
listed below as they appear from highest to 
lowest order significance in the instruction word: 

f Function Code (6 bits) 
j Branch Condition (3 bits) 
k Operand Interpretation (3 bits) 
b Address Modification (3 bits) 
y Operand Address (15 bits) 

INPUT/OUTPUT-A section providing the 
means of communication between the computer 
and external equipment or other computers. In­
put and output operations involve units of ex­
ternal equipment, certain registers in the com­
puter, and portions of the computer control 
section. Abbreviated as I/O. 

INTERRUPT - (1) Internal: indicates the ter­
mination of an input or output buffer; (2) Ex­
ternal: Signal on the data lines that requires 
computer attention. 

JUMP-An instruction that specifies the loca­
tion of the next instruction and directs the com­
puter. A jump is used to alter the normal 
sequence control of the computer. Under certain 
conditions, a jump may be contingent upon manual 
intervention. 

LINE SELECTOR-The part of the address 
selection circuit that includes the end boards and 
provides circuit continuity for one of the eight 
drive lines selected by the primary and second­
ary selectors. 

LOAD-To enter information into either the 
computer or a storage location. 

LOGICAL SUM-The bit-by-bit addition of 
two binary numbers with no regard for carries. 
Abbreviated as LS. The complement of the lOgical 
sum is "logical sum not", abbreviated as LS. 

LOOP-Repetition of a group of instructions 
in a routine. 

MALFUNCTION-Nonoperation of the com­
puter due to component failure. 

MARGIN-A measure of the tolerance of a 
circuit; the range between an established oper­
ating point and the point at which the circuit 
first starts to fail. 

MASTER CLOCK-The primary source of 
timing Signals. 

MEMORY -Any device into which informa­
tion can be introduced, stored, and then extracted 
at a later time. See also STORAGE. 

MEMORY BOARD-A mechanical assembly 
containing a 128 x 128 (16,384) array of cores 
and their associated sense windings, inhibit 
windings, and drive lines. 

MEMORY ST ACK-A memory stack is com­
prised of 12 memory boards, two end boards, 
and a center board. A memory stack is divided 
into two half-stacks, referred to as the front 
stack (on the card side of the memory chassis) 
and the back stack (on the wiring side of the 
memory chassis) or, stack 0 and stack 1, re­
spectively. Each half-stack is comprised of six 
memory boards and an end board and shares the 
common center board. 

MODULUS-The number of permissible num­
bers used in a process or system. For example, 
if only the integers from -15 to +15 inclusive 
are considered, 31 is the modulus of this set of 
numbers. 

MOST SIGNIFICANT DIGIT-The first digit 
from the left, different from zero. 

NONVOLATILE STORAGE-Storage media 
that retains information during the absence of 
power. These media include magnetic tapes, 
drums, and magnetic cores. 

OCT AL NUMBERS-Numbers in a system 
using eight symbols, 0, 1, 2, ... , 6,7, with eight 
as its base. 

OPERAND-Coded data representing a word 
or number that is involved in computer oper­
ations or results from computer operations. 

OPERATION-(l) The activity resulting from 
an instruction. (2) The execution of a set of 
commands. 

OVERFLOW-(l) The condition that arises 
when the result of an arithmetic operation ex­
ceeds the capacity of the number representation 
in the computer. (2) The condition that results 
during a real-time problem when the lower half 
of the Z register contains all "1 's" (approxi­
mately 32 seconds). 
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PARALLEL TRANSMISSION-The system of 
information transfer in which the characters of 
a word are transmitted simultaneously over 
separate lines. 

PARTIAL CARRY -A system of executing the 
carry process in which the carries that arise as 
a result of a carry are not allowed to be trans­
mitted to the next higher stage. 

POSITIONAL NOT ATION -One of the schemes 
for representing real numbers, characterized by 
the arrangement of the digits in sequence. The 
successive digits are interpreted as the coeffi­
cient of successive integral powers of a number 
called the radix of the notation. 

PRIMARY SELECTOR-That part of the ad­
dress selection circuit that is comprised of a 
selector transformer and the control circuits 
associated with its primary windings. 

PROGRAM-A sequence of coded computer 
instructions and necessary operands for the solu­
tion of a problem. See also CODED PROGRAM. 

QUADRANT-One-fourth of amemoryboard. 
A quadrant is comprised of a 64 x 64 (4,096) 
array of cores, a sense winding, an inhibit wind­
ing, and associated X and Y drive lines. 

RADIX-The number of individual characters 
used in a number system. Decimal uses 10 
characters (radix 10), 0 through 9, octal uses 
eight characters (radix 8), 0 through 7, and 
binary uses two characters (radix 2) "0" and 
"1" . 

RADIX POINT-The index that separates the 
digits associated with negative powers from 
those associated with the zero and positive 
powers of the radix of the number system in 
which a quantity is represented; e.g., binary 
point, decimal point. 

READ-To extract information. 

READY -The condition existing between two 
computers where the computer initiating the 
ready Signal has data on the output lines. This 
signal is further interpreted as an Input Data 
Request signal by the receiving computer. 

REAL-TIME-Computer operation with re­
gard to a specific time or event. 

REAL-TIME CLOCK-The device by which 
actual elapsed time is measured in seconds or 
fractions thereof. Abbreviated as RTC. 

REGISTER-A quantity of stages. The regu­
lation number of stages determines the modulus 
of the number system allowable to representa­
tion by the computer system. The nature of a 
register determines its use as a device for in­
formation storage. Frequently other storage 
devices for information are also referred to as 
registers. 

RESUME-The signal generated when the re­
ceiving computer has sampled its input lines and 
has generated an Input Acknowledge which is 
interpreted as the Resume Signal by the trans­
mitting computer. 

ROUTINE-A sequence of operations a digital 
computer may perform, or the sequence of in­
structions which determine these operations. 

SECONDARY SELECTOR-The part of the 
address selection circuit that includes the sec­
ondary windings of the selector transformers, 
their associated control circuits, and the printed 
circuit wiring on the center board. As deter­
mined by the secondary selector translator, the 
selected secondary winding furnishes the drive 
current to the center board for distribution to 
eight drive lines. 

SELECTOR TRANSFORMER-A transform­
er, also called the read/write or drive current 
transformer, used in the address selection cir­
cuit. It has two primary windings (one read 
winding and one write winding) and four second­
ary windings. All windings have an equal number 
of turns. 

SERIAL TRANSMISSION -A system of infor­
mation transmission in which the characters of 
a word are transmitted in sequence over a single 
line, in contrast to parallel transmission. 

SET (verb)-To change the state of a stage 
from zero to one. 

SHIFT-Displacement of an ordered set of 
characters one or more columns to the right or 
left. In the case in which the characters are the 
digits of a number, as in a fixed point digital 
computer, a left shift is equivalent ordinarily 
to multiplication by a power of the radix. 
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SIGN DIGIT-A character used to designate 
the algebraic sign of a number. 

SIGNIFICANT DIGITS-Digits to the right of 
the most significant digits. 

SINGLE-ADDRESS (INSTRUCTION) CODE­
In general, an instruction consists of a coded 
representation of the operation to be performed 
and of one or more addresses of words in stor­
age. The instructions of a single-address code 
contains only one address. 

STAGE-An electronic device that periodi­
cally may be in unique states (conditions). The 
number of possible states in the device deter­
mines the radix of the number system allowable 
to representation by the computer. It is possible 
for a stage in the computer to have two unique 

transient states: (1) a state assigned to repre­
sent zero, (2) a state assigned to represent one. 

STORAGE-A device in which information is 
set aside, or stored, for immediate or future 
use. See also MEMORY. 

VOLATILE STORAGE-Opposite of nonvola­
tile storage; information is lost in the event of a 
power interruption. 

WORD-Information coded for computer rep­
resentation as a series of bits. The normal word 
length is 30 bits in the computer (15-bit length 
is optional). 

WRITE, STORE, or REPLACE (verb)-To 
introduce information into some form of storage. 
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ACB circuit breaker, 443 
Access time and capacity, memory and stor-

age units, 77 
Acoustic delay line, 94 
Active duty advancement requirements, 3 
Adder, arithmetic section, NTDS computer, 

217-228 
Adder circuit, 60-64 
Add instruction, 394 
Addressing, 84 
Addressing modes, Control Data 160-A Com-

puter, 366 
Address register, 50 
Address section, 38 
Address selection, memory section of NTDS 

computer, 246-257 
selectors, 250-257 
S-register and translator, 246, 247 
translation, 248-250 

Advancement in rating, 1-8 
active duty advancement requirements, 3 
data systems rating, 1 
enlisted rating structure, 1 
inactive duty advancement requirements, 4 
preparing for, 2 

materials used in, 5 
qualifications for, 2 
Record of Practical Factors, 6 
training, 7, 8 

ALB circuit breaker, 445 
Amplifiers, sense, memory section, NTDS 

computer, 268, 269 
Analog computer, 11, 142 
Analog-digital and digital-analog conversions, 

142-157 
analog-to-digital conversion, 142-148 

electrical techniques, 146-148 
mechanical techniques, 143-146 I 

digilog circuit, 153 -157 
digilog-to-analog conversion, 148-152 

Analog input, determining magnitude of, 
146, 147 

AN/PSM-4A Multimeter, 372-375 
AN/USM-105A Oscilloscope, 379-384 
AN/USM-142(v) Electronic Circuit Plug-in 

Unit, 384-387 
AQB circuit breaker, 443 

AQB-LF Circuit breaker, 444 
Area check, 395 
Arithmetic operations, Control Data 160-A 

Computer, 364 
Arithmetic section, Control Data 1604-A 

computer, 370, 371 
Arithmetic section, NTDS computer, 213-240 
Arithmetic section, programming, 118 
Arithmetic section, NTDS computer, 213-240 

adder, 217-228 
basic operations, 228 

multiplication, 230-235 
subtraction, 229 

comparison, 239, 240 
registers,' 213-217 

Arithmetic unit, 56-76 
adders, 60-64 
bi~ary subtractor, 64,70 
division, 68, 71 
encoders and decoders, 71-76 
exclusive- OR circuit, 57-60 
inhibitor circuit, 56 
multiplication, 65-69 
subtraction, parallel repetitive, 72 

Arithmetic, word, 115 
AsynChronous control, 52 
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Bar printer, 110 
Basic instruction word, 38 
Binary adder circuit, 60-64 
Binary arithmetic, 16-26 

binary-coded deCimals, 20-22 
biquinary code, 22 
converting between number systems, 17-20 
error detecting codes, 22-24 
error-preventing codes, 24-26 

Binary code, 144, 145 
ambiguity with, 144 
showing sequentially changing bits, 145 

Binary-coded-decimal, 38 
Binary coded disk, 144 
Binary subtractor, 64-76 

division, 68-71 
encoders and decoders, 71, 73-76 
multiplication, 65-69 
parallel left shift logic circuit, 67 
parallel repetitive subtraction, 72 
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Biquinary code, 22 
Bit parallel-digit parallel, 86 
Block transfer routine, 132 
Blown-fuse indicators, 442 
Bonding compound, 427 
Boolean algebra, 26-36 

basic circuits and symbols, 26-28, 30 
logic diagram mechanization, 28 
truth tables, 29-31 
Veitch diagrams, 29, 32-36 

Borrow enable circuits and signal, 223 
Borrow request signals and circuits, 221 
Buffer mode, 274 

Cable runs, location and length of, 419 
Cables, maintenance of, 418-420 
Cable tag, 419 
Cards, input/output devices, 97-102 

codes, 99 
converters, 107 
handling equipment, 97, 98 
punching mechanism, 98 
reading with buffer storage, 102-107 
sorters, 101 
verifiers, 102 
writing and reading with, 98-102 

Cartridge fuse, 441 
Cathode-ray coding tube, 147, 148 
Cathode-ray tubes, safety precautions, 447 
Centerboard, memory section, NTDS com-

puter, 249 
Channel translation, input/output section, 

NTDS computer, 301 
Chassis holding jig, 437 
Checking, marginal, 395 
Circuit breakers, 443 -445 
Circuit description and symbols, control 

section, NTDS computer, 160, 161 
Circuit part value variation, 397 
Clear and add instruction, 394 
Clock pulses, 15 
Code designator, . 182, 183 
Coded disk showing erroneous output, 144, 

145 
Coded program, debugging, 449 
Codes, card, 99 
Codes, paper tape, 108 
Coding, machine, 122-131 
Coding tube, 147, 148 
Communication with stage, intrasection, 226 
Comparator, 148, 149 
Computer diagrams, 398-403 
Computer set control introducers, input/out­

put section, NTDS computer, 355 
Computers, 9-15 

462 

analog, 11 
arithmetic unit, 11 
block diagram, 11-14 
capabilities, 9 
clock pulses, 14, 15 
components of, 14 
data Systems Technician, 15 
definition of, 9 
digital, 10 
environmental conditions, 14 
history of, 9 
waveforms, 14 

Computer waveforms, 15 
Conditional and unconditional transfers, 50 
Conducting strips, maintenance and repair of, 

425, 426 
Conductor size, designation of, 418 
C1 register 00-04, input/output section, NTDS 

computer, 346 
Console, control section, NTDS computer, 167 
Control circuits, control unit, 40-49 

count-by-2 circuit, 42 
delay lines, 47 -49 
flip-flop circuits, 40-42 
flip-flop counter, 42-45 
parallel adder, 45 
ring counter, 46 
serial and parallel operation, 45 

Control Data 1604-A Computer, 9, 366-371 
arithmetic section, 370, 371 
control section, 368 
instruction table, 369 
registers, 367 
storage section, 368 

Control Data 160-A Computer, 361-366 
addressing modes, 366 
arithmetic operations, 364 
registers, 361-364 
storage control, 365 
word format, 365, 366 

Control line driver, 279 
Control section, Control Data 1604-A com­

puter, 368 
Control section, NTDS computer, 158-212 

branch condition designator, 183 -212 
circuit analysis, 163 -166 
circuit description and symbols, 160, 161 
description, 158 -160 
function code designator, 182, 183 
logic analysis, 161-163 
operation, basic, 160 
operation, modes, controls, and indicators, 

166-169 
sequences, 169-180 
U-register, 180-182 
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Control sequences, 119 
Control unit, 37-55 

control circuits, 40-49 
count-by-2 circuit, 42 
delay lines, 47 -49 
flip-flop circuits, 40-42 
flip-flop counter, 42-45 
parallel adder, 45 
ring counter, 46 
serial and parallel operation, 45 

control operations, 49-55 
special purpose and general purpose 

computers, 37-40 
Conversions, analog-digital and digital-analog, 

142-151 
analog-to-digital conversion, 142-148 

electrical techniques, 146-148 
mechanical techniques, 143 -146 

digital-to-analog conversion, 148 -151 
Converters, 107 
Converter tester, TS-1538/USQ-20(v), 387-392 
Core memory circuits, realignment of, 404 
Cores, magnetic, 78-91, 95, 96 

data representation, 85, 86 
half-currents, 80 
magnetic drums, 82 
read-out, 81 
return-to-zero method, 84 
serial operation, 89, 90 
synchronization, 84, 85 

Core symbology, 95 
Core-to-core transfer, 95 
Correspondence courses, 8 
Count-by-2 circuit, 42 
Courses, training, 7 
CP-642A/USQ-20, designation for, 417 

Data and control signals, input/output section, 
NTDS computer, 272-276 

Data control, memory section, NTDS computer, 
257-261 

Data line driver, input/output section, NTDS 
computer, 277 

Data representation, memory and storage 
units 85, 86 

Data systems rating, 1 
Data Systems Technician, 15 
Data transmission, control section, NTDS 

computer, 163 
D-c supply voltage variation, 396 
Debugging a program, 449 
Decimal-to-binary decoder, 73, 74 
Decimal-to-binary encoder, 73,74 
Decision symbol, 120 
Decoders and encoders, 71-76 
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Decreasing area check, 395 
Delay external function control, input/output 

section, NTDS computer, 335, 338 
Delay lines, 47 -49 
Desiccant crystals, 438 
Designator circuits, control section, 158 
Designators, 115 
Designators, input/output section, NTDS 

computer, 280-286 
Diagnostic programs, maintenance, 395 
Diagrams, computers, 398 
Digilog circuit, 153 -157 
Digital computer, 10, 142 
Digital Data Computer, 117 
Digital data converter, input/ output section, 

NTDS computer, 349-354 
Digital data introducer MX-3195/USQ-20(V), 

354 
Digital-to-analog conversion, 148-151 
Display tubes, 111 
Diode and transistor designation system, 421 
Diode decoder matrix, 75, 76 
Diode gate and transistor inverter, control 

section, NTDS computer, 165 
Di'ode gating network diagrams, 403 
Division, 68-71 
Division, arithmetic section, NTDS computer, 

235-239 
Dynamic register, 89, 90 

Electronic character-writing tube, 111 
Electronic Circuit Plug-in Unit AN/USM-142(v), 

384-387 
Electronic equipment, safety precautions, 446 
Electronics circuit or system designations, 419 
Electrostatic storage, 93 
Emergency ratings, 1 
Encoders and decoders, 71-76 
Energized electronic equipment, safety pre-

cautions, 446 
Enlisted correspondence courses, 8 
Enlisted rating structure, 1 
Equations listed on logic diagrams, 403 
Equipment-system integration drawing, input/ 

output section, NTDS computer, 359 
Error detection, 22, 92 

memory and storage units, 92 
number systems, 22 

Exclusive-OR circuit, 57-60 
External interrupt gates, input/output section, 

NTDS computer, 310-312 

Fault entrance flip-flop, input/output section, 
NTDS computer, 306 
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Filament voltage variation, 397 
Films, training, 8 
Five-channel data processing code and 

tape, 109 
Five-channel paper tape code, 108 
Flip-flop circuit, control section, NTDS 

computer, 164 
Flip-flop circuits, 40-42 
Flip-flop counter, 42-45 
Flip-flop decoder, 75 
Flip-flops, input active, 314 
Flip-flops (symbols and nomenclature), 

NTDS computer, 160 
Flip-flop shift register, 401 
Flow charts, 106, 120-122 

of normal ar.d buffer read-in of card 
data, 106 

symbols, 120 
Flow diagrams, programming, 120-122 
Four address word, 40 
Full store instruction, 394 
Fuses, 441 

Gated input amplifier circuit, 278 
General ratings, 1 
Gray code, 24-26, 145 

Hairline crack, 424, 425 
Half -currents, memory and storage units, 80 
Halt instruction, 394 
Hardware logic, 274 
High-speed printing, 110-112 
Hollerith card code, 100 
Hybrid computer, 142 

IBM Type 24 card punch machine, 102 
IBM Type 82 card sorting machine, 102, 103 
IDAC set Mod 1, unit identification, input/ 

output section, NTDS computer, 358 
Increasing area check, 395 
Index register, 114 
Indicator Driver circuit, control section, 

NTDS computer, 163 
Inhibit circuits, memory section, NTDS 

computer, 270 
Inhibit line selector, translation of, memory 

section of NTDS computer, 257, 258 
Inhibitor circuit, 56-59 
Initial sign correction in division, 236 
Input and output lines, control section, 

NTDS computer, 161 
Input circuits, input/output section, NTDS 

computer, 314-324 
Input circuits to adder, arithmetic section, 

NTDS computer, 220 
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Input data, gated amplifiers, NTDS com-
puter, 317-321 

Input monitors, NTDS computer, 321-324 
Input/output control, NTDS computer, 279-287 
Input/output devices, 97-112 

cards, 97-107 
codes, 99 
converters, 107 
handling equipment, 97, 98 
punching mechanism, 98 
reading with buffer storage, 102-107 
sorters, 101 
verifiers, 102 
writing and reading with, 98-102 

high-speed printing, 110-112 
paper-tape units, 108, 109 

Input/output section, NTDS computer, 271-360 
computer set control introducers, 355 
data and control signals, 272-276 
Digital Data Converter CV -1123/USQ-20(V), 

349-354 
Digital Data Introducer MX-3195(V) 

/USQ-20(v), 354 
Digital-To-Analog Converter Group, 

AN/SYA-3, 356 
equipment-system integration drawing, 

357, 359 
IDAC Set Mod 1, unit identification, 358 
input circuits, 314-324 
input/output control, 279-287 
I/O translator, 301-305 
intercomputer communications, 338-349 
main priority, 299 
output circuits, 324-338 
priority determination, 287-298 
Signal Data Recorder-Reproducer RD-231/ 

USQ-20(V), 357, 360 
special circuits, 276-279 
Teletypewriter Set AN/UGC-6, 355 
v -designator, 305 -313 

Instruction register, 49 
Instruction table, Control Data 1604-A 

Computer, 369 
Instruction word, 114 
Intercomputer communications, 275 
Intercomputer communications, input/output 

section, NTDS computer, 338-349 
Intercomputer data transfer, 274 
Intercomputer logic, input/output section, 

NTDS computer, 345 
Interconnections computer to external equip­

ment for input and output, 273 
Internal interrupt, input/output section, 

NTDS computer, 295 
Internal programming concepts, 123 



Interpretation of k-designator, memory 
section, NTDS computer, 267 

Interrupt address storage register, input/ 
output section, NTDS computer, 306 

Interrupt flip-flop, input/output section, 
NTDS computer, 305 

Intersection borrow enable circuits, 222 
Intersection borrow request signal, 

arithmetic section, NTDS computer, 221 
Inverter, control section, NTDS computer, 

163 
I/O translator, input/output section, NTDS 

computer, 301-305 

Jamming Report, 351-353 
Joint electronic type designation system, 417 

K-designator, memory section, NTDS 
computer, 267 

Ladder-adder circuit, analysis of, 157 
Ladder-adder resistive network, 153, 157 
Large-area check, 395 
Left shift register, 47 
Light bulbs assigned decimal numbers, 17 
Logical symbols for computer diagrams, 

398-401 
Logic analysis, control section of NTDS 

computer, 161-163 
Logic chassis, maintenance of, 449 
Logic diagram, mechanization, Boolean 

algebra, 28 

Machine coding, 122-131 
Magnetic core matrices, memory section, 

NTDS computer, 243 
Magnetic core read and write current 

balance check waveforms, 404 
Magnetic core ring counter, 96 
Magnetic cores, 78-91, 95, 96 
Magnetic disk, 93 
Magnetic drums, 82 
Magnetic drum adjustments, 405 
Magnetic drum units, maintenance of, 407 
Magnetic tape control, input/output section, 

NTDS computer, 348 
Magnetic tapes, 107 
Magnetic tape, maintenance of, 407 
Magnetic tapes, memory and storage 

units, 91-93 
Main priority, input/output section, NTDS 

computer, 299 
Maintenance information, 393-416 

alignment, 404-406 
computer diagrams, 398-403 
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marginal checking, 395-399 
preventive maintenance, 406-408 
programs, 393-395 
repair procedures, 412-414 
technical publications, 414-416 
troubleshooting, 408 -412 

Maintenance procedures, 417-451 
cables, 418-420 
debugging a program, 449 
joint electronic type designation system, 

417 
logic chassis, 449 
memory chassis, 449 
miniature components and devices, 

troubleshooting techniques for, 420-441 
modular assemblies, 432-440 
printed circuits, 424-433 
transistors, 421-424, 428 
transistor training aid program, 441 

preventive maintenance, 450, 451 
protective devices, 441-446 
safety precautions, 446-448 

Manual blocl\ transfer, 131 
Manual clear button, control section NTDS 

computer, 165, 166 
Manual of Qualifications for Advancement in 

Rating, 2 
Marginal checking of circuit parts, 395-397 
Marginal checking of memory chassis, 451 
Master clock, control section, NTDS 

computer, 162 
Memory access flip-flop, 300 
Memory addresses, input/output section, 

NTDS computer, 289 
Memory and storage units, 77 -96 

acoustic delay line, 94 
electrostatic storage, 93 
magnetic cores, 78-91, 95, 96 

data representation, 85, 86 
half -currents, 80 
magnetic drums, 82 
read-out, 81 
return-to-zero method, 84 
serial operation, 89, 90 
synchronization, 84, 85 

magnetic disk, 93 
magnetic tapes, 91-93 
memory devices, 77, 78 

access time and capacity, 77 
Memory chassis, maintenance of, 449 
Memory control and sense circuits, NTDS 

computer, 262 
Memory data transfer using B­

register, 134 
Memory read-out, 81, 82 
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Memory section, NTDS computer, 159, 
241-270 

address selection, 246-257 
selectors, 250-257 
S-register and translator, 246, 247 
translation, 248-250 

data control, 257-261 
description of, 241-246 
special circuits, 268-270 
timing control, 261-268 

Mercury column storage, 94 
Mode address, 300 
Mode flip-flops, input/output section, NTDS 

computer, 305 
Modes, controls, and indicators, control 

section NTDS computer, 166-169 
Modifiers, 131 
Modifying circuits, control section, NTDS 

computer, 158 
Modular assemblies, repair and maintenance, 

432-440 
Multi-lug part, removal of, 429 
Multimeter AN/PSM-4A, 372-375 
Multiple address computers, 39 
Multiple-conductor designations, 418 
Multiplication, 65-69 
Multiplication, arithmetic section, NTDS 

computer, 230-235 

Needle probes, 424 
Negative feedback amplifier, 149-151 
Network, input/output section, NTDS computer, 

289 . 
NLB circuit breaker, 445 
NQB circuit breaker, 444 
NTDS computer, 213-360 

arithmetic section, 213 -240 
control section, 158-212 
input/output section, 271-360 
memory section, 241-270 

Number systems, 16-36 
binary arithmetic, 16-26 

binary-coded decimals, 20-22 
biquinary code, 22 
converting between number systems, 

17-20 
error-detecting codes, 22-24 
error-preventing codes, 24-26 

Boolean algebra, 26-36 
basic circuits and symbols, 26-28, 30 
logic diagram mechanization, 28 
truth tables, 29-31 
Veitch diagrams, 29, 32-36 

Octal representation, 38 

Ohm's law, 156 
Operational amplifiers, 151 
Operational registers, 116 
Operation code section, 38 
Operation register, 50 
OR circuit, 57 
Oscilloscope AN/USM-105A, 379-384 
Out-on-12, input/output section, NTDS com-

puter, 295-298 
Out-on-2 request, input/output section, NTDS 

computer, 343 
Output active flip-flops, 339 
Output active flip-flops, input/output section, 

NTDS, 324 
Output circuits, input/output section, NTDS 

computer, 324-338 
Output data register, input/output section, 

NTDS computer, 328-331, 345 
Output monitors, input/output section, NTDS 

computer, 335-337 
Output request gates, input/output section, 

NTDS computer, 325-333 
Overlapping-area check, 395 
Overload relays, 445 

Paper-tape units, 108, 109 
Parallel adder, 45 
Parallel adder circuit, 64 
Parallel left shift logic circuit, 67 
Parallel repetitive subtraction, 72 
Photoelectric card reading, 99 
Photographic printing, 111 
Plug fuse, 441 
Plug-in board, packaging of, 438, 439 
Plug-in module, packaging method for, 438, 

439 
Printed circuit board, repair of, 432 
Printed circuits, troubleshooting, 424-433 
Printing, high-speed, 110-112 
Priority determination, input/output section, 

NTDS computer, 287-298 
Priority setup, input/output section, NTDS 

computer, 304 
Professional qualifications, 6 
Programming, 113 -141 

flow diagrams, 120-122 
fundamentals of, 116-119 
machine coding, 122 -131 
program constructio~, 131 

block transfer routine, 132 
compilers, 139 
manual block transfer, 131 
quotient roundoff subroutine, 133-141 
relative addressing, 133 
subroutine, 135-139, 141 
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Programming-Continued 
terminology of, 113-116 

Protective devices to interrupt power to a 
circuit or unit, 441-446 

Punched card, 98 
Pulse waveforms used on logic diagrams, 401 

Quadrant designation, memory section, NTDS 
computer, 247 

Quadrant 64 by 64 array, memory section, 
NTDS computer, 248 

Qualifications for advancement in rating, 2 
QuaIs Manual, 2, 6 
Quibinary code, 23 
Quotient overflow, 239 
Quotient roundoff subroutine, 133-139 

Radar Azimuth converters, input/output 
section, NTDS computer, 350 

Radiation, 448 
Radioactive electron tubes, safety precautions, 

448 
Rating, advancement in, 1-8 

active duty advancement requirements, 3 
data systems rating, 1 
enlisted rating structure, 1 
inactive duty advancement requirements, 4 
preparing for, 2 

materials used in, 5 
qualifications for, 2 
Record of Practical Factors, 6 
training, 7, 8 

Reading cards, 98-102 
Reading with buffer storage, 102-107 
Read/write circuits, memory section, NTDS 

computer, 268 
Read/write heads, 83 
Real-time chock (RTC), 116, 290-294, 339 
Recorder Reproducer, RD-243/USQ-20(v), 

input/output section, NTDS, 347 
Record of Practical factors, 6 
Registers, arithmetic section, NTDS computer, 

213-217 
Registers, Control Data 160-A Computer, 

361-364 
Registers, Control Data 1604-A Computer, 

367 
Registers located in control section, 158 
Relative addreSSing, 133 
Relays and switches, maintenance of, 406 
Reliability programs, 394 
Repair procedures, 412-414 
Reports generated by the video processor, 

input/output section, NTDS computer, 351-
355 
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Request gates, input/output section, NTDS 
computer, 315 -317 

Residual charges in deenergized equipments, 
447 

Return-to-zero method, 84 
Ring counter, 46 

Safety precautions, energized electronic 
equipment, 446-448 

Section borrow input circuits, 223, 224 
Sector Mark Report, 351-353 
Selectors, memory section NTDS computer, 

250-257 
Selector transformer, memory section, NTDS 

computer, 247 '14 
Sense circuits, memory section, NTDS com­

puter, 268 
Sequence control, input! output section, NTDS 

computer, 307 
Sequences, control section of -NTDS computer, 

169-180 
Sequences, programming, 115 
Serial and parallel coded pulses, 45 
Serial multiplication by repeated addition, 67 
Serial operation, 89, 90 
Serial read-out, 84 
Series resistor method of digital-to-analog 

conversion, 152 
Seven-bit alphanumeric code, 92 
Shaft-position digitation, 143, 144 
Shorting stick, 447 
Signal amplitude adjustment, 405 
Signal Data Converter CV -760/SS, input/output 

section, NDTS computer, 351-353 
Signal Data Recorder-Reproducer, RD-231/ 

USQ-20(V), 357, 360 
Sign correction for division, 237 
Single and multiple address computers, 39 
Single-column binary subtractor, 64 
Soldering iron adaptations, 434-436 
Soldering tip for modular repair, 435 
Sorters, card, 101, 102 
Special circuits, -input/output section, NTDS 

computer, 276-279 
Special purpose and general purpose computers, 

37-40 
S-register and translator, memory section, 

NTDS computer, 246, 247 
Storage control, Control Data 160-A computer, 

365 
Storage section, Control Data 1604-A Computer, 

368 
Storage section, programming, 119 
Stored-program computer, 37 
Stylized pulse waveforms, 401 
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Subpriority, input/output section, NTDS com­
puter, 291-294 

Subroutine, 135-139, 141 
Subtraction, arithmetic section, NTDS 

computer, 229 
Subtraction table, 64 
Subtractor, binary, 64-66, 70-72 
Summarization symbols, 401 
Symbols, computer diagram, 398-401 
Synchronization, 84, 85 
SyI1chronous control method, 50 

Tagging cables, 418 
Tape code and error detection, 92 
Tape drive units, maintenance, 407 
Target Report, 351-353 
T-designator timing chain, 287 
Technical publications, 414-416 
Teletypewriter Set AN/UGC-6, 355 
Test equipment, 372-392 

converter tester, TS-1538/USQ-20(v), 
387-392 

Multimeter AN/PSM-4A, 372-375 
Oscilloscope AN/USM-105A, 379-384 
Test Set, Electronic Circuit Plug-in Unit 

AN/USM-142(v), 384-387 
Transistor Test Set, TS-llOO/U, 375-379 

Test Message Report, 351-353 
Test Set, Electronic Circuit Plug-in unit, AN/ 

USM-142(v), 384-387 
Thermal type overload relay, 445 
Time delay fuse, 442 
Time-share circuit, input/output section, 

NTDS computer, 295 
Timing adjustment, 405 
Timing and amplitude relationship, 406 
Timing chain, memory section, NTDS com-

puter, 264, 265 
Timing control, memory section, NTDS com-

puter, 261-268 
Training aid list, 452-460 
Training aid program, 441 
Training aids, transistorized, 440 
Training for advancement in rating, 7, 8 

Training Publications foJ;' Advancement in 
Rating, 6 

Transistorized training aids, 440 ' 
Transistors, 421-424, 441 

training aid program, 441 
Transistor switch, digilog, 154 
Transistor Test Set, TS-1100/U, 375-379 
Transistor Training Aid Program, 440, 441 

Translation circuits for X-transformer, 
memory section, NTDS computer, 252, 253 

Translator flip-flops, input/output section, 
NTDS computer, 301-303 

Translator outputs, input/output section, 
NTDS computer, 307 

Troubleshooting, 408-412 
miniature components and devices, 420-441 

Truth tables, 30-36 
TS-1100/U Transistor Test Set, 375-379 
TS-1538/USQ-20(v) converter tester, 387-392 
Two-address computer word, 39 
Two-address instruction word, 40 
Two-out-of -five code, 24 
Typewriters, comparison of manual and 

electric, 110 
Type wheel printer, 111 

Unit computer, designation for, 417 
U-register, control section, NTDS computer, 

180-182 
Utility programs, maintenance, 395 

V -designator, input/output section, NTDS 
computer, 305-313 

Veitch diagrams, 29, 32-36 
Video processor, input/output section, NTDS 

computer, 351-353 ' 

Waveforms, 14, 84 
Waveform designations for gating circuit, 403 
Williams tube, 93 
Wire punch printer, 112 
Wiring layout, memory board, NTDS com­

puter, 246 
Word arithmetic, 115 
Word format, Control Data 160-A Computer, 

365 
Word modifiers, 114, 131 
Working register, input/output section, NTDS 

computer, 341 
Writing and reading with cards, 98-102 

X-drive line translation, memory section, 
NTDS computer, 253 

X-register, arithmetic section, NTDS com­
puter, 215 

X-register, memory section, NTDS computer, 
259-261 
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Z-register, memory section, NTDS computer, 
259-261 




