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4-1. INTRODUCTION TO BASIC COMPUTER THEORY. 

a. GENERAL ... The Navy Model CXPK (BOGART) equipment is a single-address. 

general-purpose digital computer designed for operation requiring high speed, 

great programming versatility, and small compact size. Its internal memory con-

sists of a 4096-word magnetic core storage which is capable of storing a 24-bit 

word as a whole, or any eight-bit third of a 'Word. The eight-bit or third-of-a~ 

'word feature allows the memory to store a total of 12,288 indi vidual eight-bit 

words. 

The functions of BOGART include manipulating data, differentiating various 

forms of data and performing analytic, counting, and arithmetic operations. The 

specific operations which the computer performs are determined by a program 

which defines the sequence of instructions necessary to execute a desired 

operation. The computer has a library of 57 instructions available to the 

programmer (see Volume 1). Most of these instructions can be modified during 

the operation of the machine by any of seven different B-box registers. 

To attain high computing speed, the computer operates in the parallel 

mode, i.e., all digits of a word are operated upon simultaneously. Internal 

arithmetic operations are in the binary system. The basic word size is 24 

binary digits or bits and this word may be an instruction, operand, or an 

arbitrarily coded quantity. 

The physical make-up of eqUipment consists of the main computer in one air-

cooled cabinet, an operation console, electric typewriter cabinet, paper-tape 

cabinet, converter cabinet, and other optional external equipment. Communica-

tion of the main computer with a variety of optional external eqUipment is 

made possible by the use of the External Function Register, Input Register, 

Od~put Register and converter. Special features built into the computer allow 

computation to proceed while a unit of the external eqUipment is operating. 

4-1 
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, ~AVY~MODE 1+::CXPK 
,THEORY OF OPERATION 

In this volume the emphasis of explanation is placed on what each circuit 

does logically rather than how each circuit operates electrically in the 

accomplishment of its function. This approach is taken because of the rela-

tively simple electronic principles involved. The system generally is built 

of a great number of similar circuits and stages which are adequately explained 

in the early paragraphs of this section; thus, a general treatment of computer 

circuits is given which applies to most of the systems operating within the 

equipment. Where unique circuits are encountered, their operation is des-

cribed at the point of use rather than in the general theory paragraphs. 

b. TERMS.AND ABBREVIATIONS., - Because of the complexi ty of the computer 

system and equipment, a thorough knowledge of the terms and abbreviations used 

is essential to the understanding of the system. Sections covering Circuit 

Symbol Assignments, Glossary of Special Abbreviations and List of Computer 

Terms should be 'read preliminary to the reading of this manual 0 The List of 

Computer Terms is included as an appendix to Volume lo 

(1) CIRCUIT SYMBOL ASSIGNME~S. - Many abbreviations used in this 

text are .~the same as those used in the Logic Design Equations (Volume 5). 

The alphabetical code was assigned to similar circuits within the computer 

system. The-26 capital letters and 5 lower-case letters are assigned as 

follows 8 

CIRCUIT SYMBOL ASSIGNMENTS 

A -- ACCUMULATOR REGISTER. - The Accumulator, A, is a 24-bit register with 

4-2 

multiply step and left shift properties. The A-register has two main 

functions & 

1) As an arithmetic register, A holds the SUM, difference, partial 
product, and partial dividend (and remainder) in the corresponding 
arithmetic operations. 

2) A acts together with Q to form an extended accumulator. 
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B -~ INDEX REGISTER. - The Index Registers are l5-bit, B-box regist,ers (B 
, 1 

through B ) used to store quantities that modify the m and k portions 
7, , 

of the instructions. In addition to the above, during the repeat sequence, 

B is used as followst 
7 

The right 12 bits, k, store the repeat count, while 

the remaining three bits, m, contai~ information on whether the address 

of the repeated instruction is advanced by one, decreased by one, or re-

mains the same for each time the instruction is repeate~., 

c ~- CLOCK CONTROL. - The Clock Control, C is a circuit that controls timing 

used in the control of all logical circuits. 

D -... MAIN CONTROL TRANSLATOR. - The Main Control Translator interprets the six-

bit c portion of the instruction and sets the appropriate E cores. 

E -- TRANSLATOR CONTROL. - The E cores obtain information from the main control 

translator and are part of the second level control. 

F EXTERNAL FUNCTION REGISTER. - The External Function Register, F, is a 15-

bit register that controls selection of input and output equipment. 

G -- OPERATING CONTROLS. - The Operating Controls consist of the Run, step, 

High-Speed, and Re-sync circuits. 

H, -- MAIN ADDER. - The Main Mder is used to add the contents of X to A. 

I -- INPUT REGISTER. - The Input Register, I, is a seven-bit register used as 

a temporary storage for data received from'input equipment. 

J -- U-REGIS~ ADDER. - The U-register Add~r is used to add the contents of 

B to U. 

K - co SHIFT COUNTER. The Shift Counter, K, is a six-bit counter-register used 

to control shifting operations. 

L -- INDICATOR LIGHTS. - The indicator lights are located on the indicator 

display panel and show the contents of the registers. 

4-3 
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'J!HE.oRY .oF',OPERATI.oN 

M -- MANUAL SWITCHESo - These switches are found on both the control panel and 

indicator display panel. 

N -- FIRST LEVEL CONTROL. - The first level control, N, controls the normal 

circulation of registers and the control of transmissions between registers. 

0·· - OUTPUT REGISTER .. The Output Register, 0, is a seven-bit register used as a 

temporary storage for data in transit to the output equipmento 
( 

, 

P PROGRAM ADDRESS COUNTER.. The Program Address Counter, P, is a l2-stage 

additive counter which is used to generate successive addresses at which 

the instructions of the computer's pro~ram can be found. 

Q - AUXILIARY ARITHMETIC REGISTER. The Auxiliary Arithmetic Register, Q, is 

a 24-bit register with both multiply step and left shift properties.' Its 

functions are as follows: 

1) As an arithmetic register, Q holds the multiplier, quotient, and 
logical multiplier in the cprresponding arithmetic operations. 

2) As an assembly register, Q is capable of receiving six' bits ata 
time and by shifting, ultimately assembling a 24 .. bit word. It also 

. can disassemble a ~ord by the reverse process. 

R.- MAGNETIC STORAGE TIMING. ~ These cores control the transfer of information 

betwee:q the Z-register and the Magnetic Core~Storage system~ 

S - .. STORAGE ADDRE~p'~GiSTERo - The Sto:t;'a~e Address Register, S, is a l~".bit 

register used to store Magnetic Core Storage system addresses while worqs 

are being read framor written into storage. 

T -TRANSLATOR. - This translator interprets the contents of the m and b 

portions of the U-registero 

U -- PROGRAM CONTROL REGISTERo - The .Program Control Register, U, is a 24:bit 

register composed of the following secti6ns! 

c -- INSTRUCTION CODE. . The Instruction Code, c is a six-oit section 

consisting of U 000 U of an instruction word specifying which 
18 23 
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of the :57 instruction sequenecB is to be e:x.eGutt~d. 

b 00- B DESIGNATOR. - The Designat.or., h, is a. thret~ -bit section consisting 

of U ••• U of an instruction word 'Hhich specifies the particular 
15 17 

B-register (Bl through B70r none) that is to be used to modify 

the y portion of the original instruction to obtain Y. 

y-. - UNMODIFIED SECTION. The unmodified section) Y.~ is the original 

U . o.U bits of an instruction 1vord. 
00 1.4 

Y -- MODIFIED SECTION. - The modified section, Y is the l5-bit y as 

modified by the contents of a B-box specified by the B·designator. 

m -- INSTRUCTION MODIFIER. - The Instruction Modifier, m, is a three-bit 

section consisting of U .0 eU ,and 'is obtained after modifying y. 
12 1. ... 1 

fJ.be Instruction Mod.ifier, (m=O to m:::7) may be used as a Storage Field 

designator which specifies the particular portion of the operand 

which will be used in the execution of the instruction. This enables 

the computer to operate on a 24-bit word or any eight-bit third of a 

'ford. Input and Output instructions use the m designator to determine 

if the whole word, or a section thereof, is to be placed in or taken 

from memory. 

As an Instruction Modifier, m, provides a means of o'btaining 

eight optional choices on Jump instructions and Selective Stop. The 

Instruction ~~difier, m, also provides three modifications for the 

Repeat instruction. 

k =- BASE EXECUTION ADDRESS. - The Base Execution Address, k, is a l2-bit 

section consisting of U •• oU of the modified section Y and has 
00 1J. 

the following fUnctions~ 

1) Specifies the particular storage address of the operand to be 
used in the instruction sequence. 

4-5 
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2) DUring a shift instruction, the right 6 bits of k contain the 
number of shiftso 

The k portion combined with m can be used as operand. 

v -- SEQUENCE CONTROLo - These cores are second level controls used to pass 

information to the first level controlso 

W -- CIRCULATION BITo - The circulation bits are one-stage registers that can 

be used for time delay. 

x -- EXCHANGE REGISTERo - The Exchange Register, X, is a 24-bit register that 

has the following functionsg 

1) Can be complemented by use of the XS9 buffer 0 

2) As an exchange register, X handles nearly'all internal transmission 
of words between various sections of the computer 0 

3) As an arithmetic register, X holds the addend, subtrahend, multi= 
plicand and divisor in the corresponding arithmetic operationso 

z- STORAGE TRANSFER REGISTERv - The Storage Transfer Register, Z, is a 24-bit 

register used as a temporary storage for words being written into or read 

from the Magnetic Core Storageo 

(2) GLOSSARY OF SPECIAL ABBREVIATIONSo - The following system of 

abbreviations, not included in the Circuit Symbol Assignments, has been de-

veloped to facilitate the explanation of the computer logic\ 

(A) 

Instruction 

L(Q) (X) 

4-6 

GLOSSARY OF ABBREVIATIONS 

, The 24-bit word in A 

A word, represented by i 0001 ,which causes the com-
23 00 

puter to perform one or more of its operatfonso It 

usually consist's of an Instruction Code, c, a B Designator, 

b, an Instruction MOdifier, m, and an Execution Address, k 

Denotes the logical (bit:-by-bit) product of (Q) and (X) 
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MC A prefix denoting Magnetic Core, used to designate signals 

MCS 

MT 

NI 

Operand 

(x) 

(y) 

RNI 

Symbols 

( ) 

c. 

belonging to the Magnetic Core Storage System 

Magnetic Core Storage System 

Magnetic Tape System 

Next Instruction 

A word on which an operation is performed 

The 24-bit word in X 

The contents of storage at address Y 

Read Next Instruction 

(Arrow) Transmit, such as (Z) x 

(Parentheses) denotes the content(s) of • 

(Prime) denotes "the complement of" such as X , etc. 

Denotes the logical (bit-by-bit) sum of two quantities 

Initial contents of the Accumulator 

Final contents of the Accumulator 

FUNDAMENTALS OF COMPUTER LOGIC. 

(1) BOO~ ALGEBRA. - A brief review of the basic principles of 

Boolean Algebra is presented because it is extensively used as an aid in the 

analysis and design of magnetic switch circuits. Boolean Algebra provides a 

means for: 

1) representing a switching circuit without drawing 
the circuit 

2) quickly finding a multitude of different circuits 
that will perform any desired switching function 

3) the elimination of redundant ~ircuits 

With Boolean logiC, the circuit designer has a powerfUl tool to aid in design-

ing new circuits and in simplifying those already in use. 

4-7 
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(a) BASIC SYMBOLS. ~ In Boolean Algebra there are only two 

different quantities J or values, which clOme into consideration; these quan-

tities are notl and ·'1""0 Each of the variables, termed tlliterals~t, in the 

Boolean equation can assume only one of these two numerical values, correspond­

ing to the act~ve ttl" state or the passive ftO" state. A Boolean expression 

is a function of~cne or more literals representing a combination IOf switching 

elements 0 Algebraic operations used in these expressions are multiplicationJ 

addition, and negationo The symbols used in the algebra a.re shown in Table 

4-1 (Glossary of Boolean Terms) 0 

MUltiplication and addition symbols are used to denote AND and OR respect~ 

ively, so that many of the rules of conventional algebra may be applied to 

the e~)ressionso For representing the AND operation by multiplication, 

parentheses and/or grouping are preferred instead of the dot or X notationo 

A bar over a. letter in a Boolean expression denotes negation. 

There are two types of Boolean equatio~S8 1) identities J and 2) transfer 

formulas 0 An identity consists of·two equivalent expressions separated by an 

equality signo For example, the equation (A+B)C = AC +BC is anideritity'~' 

which states that either A or B in combinationw:1th C is equivalent to either 

A in combination with C or B in combination with C; while on the other hand, 

the equation C = A + B is a transfer formula, which states that at some parti-

c'u1ar instant, a 1 is transferred. to element C if a 9tlVt is in either element 

A or Bo 

(b) BOOLEAN THEOREMSo ~ A Boolean expression may be reduced to its 

simplest equivalent by applying the theorems of Table 4~2o This procedure is 

noteworthYJ because it not only provides means of understanding the circuitry, 

but a1.so provides means of simplifying magnetic switch circuits, thus reducing 

the number of components necessary to perform the operations specified qy a 

4-8 
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particular transfer equation. For Example, the transfer equation D = AB + B + C 

can be reduced to its equivalent D == B + C by applying the the theorems of Table 

4-2 to eliminate the redundant expression ABo Because the right side of the 

reduced transfer c"3quation is simpler than the right side of the original equa-

tion, a circuit built by using the simplified equation uses less components 

and yet performs tlv:: same J.cgical ftln':tions. 

The theorems are also applied to convert the final simplified expressions 

into standard forms., i. e " forms Hhich are more readily adaptable to magnetic 

switch cores. For i..;xample, the transfer equation D = AB + CB can be reduced to 

the formula D =. (A + C) (B) llhich is applicable to the magnetic core AND NOT 

circuit shown i n Fi.i;UI·.~~ 4-5,. 

Theorem 11 cOE·c.-.i.,:':·,; th=~':::e J.':U-:;r~:talG) eu.eh c.J.:pa-ble of being in either the 

ItO" or the" Itt ste~t~;" (L'h;;;, -~'ar:lous combinations of HI" s" and" 0 t stl foI' these 

literals are listl::.~l in ·:~b.~; C031rl:Lt1ons column of Table 4-3. In the Left-Hand 

Expression column :d1e J.o,::~ice.l 'value of t110 lei't- harrel side of the expression 

for each ABC condlt:',.on is registered. Similar values also are registered in 

the Right-Hand Expression column next to each ABC condition, to represent 

values obtained from the right-hand expression of the theorem. It is apparent 

that the left-hand and right-hand values are equivalent for each ABC condition; 

therefore the t'tvo expressions are identical. 
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Conditions 
ABC 

000 

001 

010 

011 

100 

101 

110 

111 

TABLE 4-; 
PROOF OF THEOREM 11 

A + Be = (A + B) (A + c) 

Left~Hand 

~ression 

0 

0 

0 

1 

1 

1 

1 

1 

NAVY MODEL CXPK 
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R:lght-Hand 
Expression 

0 

0 

0 

1 

1 

1 

1 

1 

(2) LOGICAL EQUATIONS THEORYo ~ The logical equations which satisfy 

the basic magnetic switch core circuits are as follows& 

C :=: A 

c = AB 

C = A+B ilil 
C = AB \(j) 

In each case the left-hand side of the equation is a function of the ax-

pression to the right of the equality sign and may have either of the values 

ttoVf or ~~ln 0 Assuming that A, B, and C are cores to which values may be assigned, 

the value assigned to core C is derived from the logical operation expressed 

by the particular combination of the cores A and B, each or·which may be 

assigned values of nOv •. or 911ft 0 The equations are termed transfer formu.1as in 

wh:i.ch the equali.ty sign indicates the transfer of the value of the expression 

on the right of the equality sign to the expression on the left of the sign. 

4-10 
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The logical operations expressed by these equations are as follows: 

1) C = A 

This is a simple transfer formula in which the assigned value of core A 

is transferred to core Co Thus, C = A is assigned values as follows~ 

A C 

o 0 

1 1 

2) C = AB (c = A and B) 

The function AB is termed an AND expression: A value of "lit is trans-

ferred to core C if both of the cores A and B are assigned the value of "1" . 

Thus., C == f(8 ts aS3igne(1 values as follo~'is: 

A B C 

o o o 

o 1 n 

o 

1 ]. 1 

The AND expression ;~l'':)..y "be e::~9andGd to include any number of variables to 

which the \Tn-lues of ItOf~ or "1" may be assigned. 

This IG[jieal operation is represented by any of the symbols ind.icating the 

arithmetic operation of multiplication. 

3) C = A+B (c = A or B) 

The function A+B is commonly termed an OR expres8ion.~ A value of HI tt is 

trans:ferred to core C if either (or both) of the cores A or B are assigned 

A B C 

0 0 0 

a 1 1 

.1 0 1 

1 1 1 

4-11 
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The OR expression may be expanded to include any number of variables to which' 

the values of "aUf or "1" may be assigned. 

4) C == AB (C = A and not B) 

The function AB, or AB~l as it is referred to in the following text, is termed 

an AND NOT ex:pressions A value of nl" is transferred to core C if core A is 

assigned the value of ttl", and core B is not assigned the value of uln; or, C 

assumes the value of ttltt if both A and NOT B, (B~l), have the value of "Itt. 

Thus C == (AB- 1 ) ls assigned values as followss 

A B B-1 C 

0 1 0 0 

0 0 1 0 

1 1 0 0 

1 0 1 1 

The logical AND operation of the expression is represented by any of the 

symbols indiaating the arithmetic operation of multiplication. 

(a) APPLICATIONS TO COMPUTER EQUATIONS. ~ The logical equations 

discuss~d previQusly can be used to express the operations of the magnetic 

switch core circuitry and indicate the states of the cores involved by 

assuming the followi,ng correlations s 

1) Magnetic cores can be in either the "09( or the 911°' state. 

2) The answer to the question of whether or not a value of "1" is to be 

transferred to core C is determined by the states of the cores A and B and the 

logical operations of the functions .. 

3) The transfer of a value of it r t to core C is accomplished by the CQ-

incj.dent application of Read and Transfer puJ.ses to the circuitry .. 

(' 4-12 
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NOTE 

THROUGHOUT THE REMAINING PORTION OF THIS INSTRUCTION BOOK, 
THE BAR NEGATION SYMBOL (EXAMPLE B) WILL BE REPLACED BY A 
NEGATIVE SUPERSCRIPr (EXAMPLE B-J.). THIS SIMPLIFIES 
WRITING OF EQUATIONS WITH THE ELECTRIC TYPEWRITER 

(b) MAGNETIC SWITCH TRANSFER FORMULASo - A logical equation 

is used to describe the function of each magnetic switch coreo Because of 

the number of cores in the computer and their operation at four different 

clock times of a cycle, special symbols, each designating one particular 

core, are used in these logical equations. All these equations are formu-

lated in one of two standard forms~ the terms which express the basic AND 

and OR circuits have been described previously. 

l SYMBOLS. - A typical symbol for a core is shown in 

Figure 4-1, along with an interpretation of the associated superscript and 

subscript characters. This symbol is used in the logical transfer formulas 

to represent a core in the Auxiliary Arithmetic Register (Q). 

2 STANDARD FORMS OF TRANSFER EQUATIONS. - The standard 

types of transfer equations are used as follows: 

The logical OR expression, C = A + B 
The logical AND NOT expression, C = AB-J. 

Each of these consists of a left-hand term consisting of a symbol for one 

core, and a right-hand logical expression consisting of not more than four 

AND clauses, each consisting of not more than four core symbols. 

a OR EQUATION. - The OR equation C = A + B is 

applicable to a basic OR circuit as shown in examples land 2. 

EXAMPLE 1 

xeo = XSo WO + XSO N30 + XSO N30 + XSO N30 
00 00 00 04 oJ. 08 02 J.6 03 

EXAMPLE 2 

XJ.o = Xoo NOO + XOO QOo NOO + U30 N30 
OJ. OJ. 00 00 OJ. 04 OJ. 05 

1~~13 
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Circuit 
Letter 

Circuit Letter 

Stage Number 

Time Digit 

Time Uniqueness 
Digit Digit 

\21/ 

14) 
Stage 
Number 
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One letter is used to designate all cores belonging 
to a particular register or control system. (Circuit 
letters are listed in Circuit Symbol Assignments~) 

Two subscript numerals indicate the register stage or 
control circuit subdivision to which a core belongs. 
For example, in the Q-register, these numbers range 
from 00 to 23, to correspond with the 24 stages of Q. 

The first superscript numeral indicates the parti­
cular Read Pulse (0, 1, 2, or 3) applied to read the 
core. 

Uniqueness Digit This digit is 0 unless two or more cores have the 
same circuit letter, stage number, and time digits. 
If this condition exists, the symbols are assigned 
different uniqueness digits so that each core will 
be represented by a unique symbol. 

Figure 4-1. Core Symbols 



NAVY MODEL CXPK 
THEORY OF OPERATION 

-~·o....---

-o~ 
----!)I.,.dJ ... ---

--~.$""--
( I ) 

~.Figure 
4-2 

A 1/2 inch circle is used to indicate a magnetic 
switching core. 

A 3/32 inch circle on the rim of a switching core 
is used to indicate negation or a logical !lNDI"' 
circuit. 

A 1/4 inch square, wi th (8 ) inserted t is used to 
indicate a logical AND circuit. 

A 1/4 inch square, with (+) inserted, is used to 
indicate a logical 'OR· circuit. 

A heavy inked line terminated by a barbed arrow 
is used to indicate the path of information. 

A light pencil line terminated by an "N" core is" 
used to indicate the path of control pUls"es. 
Core symbols, and identifying time and stage 
numbers,are placed within the 1/2 inch circle. 
An "unconditional set" terminates at ~he circle 
with"an ~rrow head, and shows the pulse time 

(in .parentheses) . adj acent to the :line 0 

Normal circulation is indicated by a 
rectangle connecting the cores of any 
stage in a register. 

Information movement is counter­
clockwise. 

Figure 4-2. Standard Logic Symbols 
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In each exampl~, the AND clauses on the right side represent Read outputs 

from the elements of the clause and Set inputs to the core indicated by the 

symbol on the left side. Within each AND clause, all symbols have the same 

time digit. As stated previously in the subparagraph on the basic OR 

circuit, the operation of the OR circuit is cyclic, and consists of the 

following steps: 

Time n - 2 SET INPUTS 

n co 1 SET INPUTS 

n READ OUTPUTS 

n+l 

By noting the time digits for each of the core symbols, it can be seen 

that Example 1 satisfies this cycle as followst 

at tim.e 2 

,. 
o 

1 

NO SET INPUTS TO t'0 
00 

FOUR SET INPUTS TO x:00 

00 

READ xeo 
00 

Example 2 satisfieS the cycle as follows: 

at time 3 

o 

1 

ONE SET INPUT to X10 
01 

TWO SET INPJTS to X10 

01 

The logic diagrams for these switching circuits are shown in Figures 4-3 

b AND NOT EQUATION. - The AND NOT equation C =AB~ 1 

is applicable to the basic AND NOT circuit. An example is given below. 

EXAMPLE :3 

X20 = (~1 + AOO NOO + I OO NOO)(X10 N10)-1 
01 06 01 07 01 08 \01 09 

4-16 
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Figure 4-3. Logic Diagram of an AND circuit. 

:xe0 = :x,30 N30 + :x,30 WO + :x,30 WO + :x,30 WO 
00 00 00 04 Ol 08 02 l6 03 

Figure 4-4. Logic Diagram of an OR circuit. 

Xl 9 = xoo NOO + :xeo QOo NOO + U30 N30 
Ol 01 00 Ol Ol 04 Ol 05 

Figure 
4-3 

4-17 
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On the right side of this example all AND clauses in the first parenthesis 

have the same time digits, and all AND clauses in the second parenthesis 

have time digits Que clock time later than the time digits in the first 

parenthesis 0 Each ~D clause in the first parenthesis represents Read 

outputs from the elements of the clause and a Set input to the core to the 

leftJ and each AND clause in the second parenthesis represents Read outputs 

from the elements of the clause and a Clear input to the core to the lefto 

The -1 superscript notation on the second parenthesis denotes negationo The 

superscript ~1 notation is the only manner in which negation appears in the 

logical transfer equations for the computero 

As stated previously in the subparagraph on the basic AND NOT circuit, 

the operation of the basic AND NOT circuit is cyclic and consists of the 

following steps ~ 

Time n - 2: SET INPUTS 

n ~ 1 CLEAR INPUTS 

n READ oU'rPUTS 

n+l 

By noting the time digits for each of the core symbols~ it can be seen 

that example 3 satisfies this cycle as follows~ 

At time 0 

1 

3 

THREE SET IIr.PUTS 'to X20 

O~ 

ONE CLEAR INPUT to X20 

01 

The logic diagram for this switching circuit is sho'W!l in Figure 4-5" 

(3) MAGNETIC SWITCH CIRCUITS 0 

(a) MAGNETIC COREo - Each magnetic switch contains a core, 

which is a ring composed of 20 wraps of 1/8 mil thick permanent magnet alloy 0 
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Figure 4-5. Logic Diag!13.m of an AND NOT circuit. 

Figur~ 
4-5 
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The equations listed below are illustrated above in the typical circuit of 
a logic diagram. 

-1 
+ !I\O 

All cores to· the right of the equal sign are considered inputs to the core 
on the left. 

Cores listed in the line below the inputs are considered riutputs from the 
core above on the left. 

Figure 4-6 •. Complete Stage of B-register 
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The ring has an inner diameter of 1/10 inch and a thickness of 1/32 inch. 

Three wire windings with turns ratios of N:NI2.5N are wound on the core and 

the entire assembly is potted in casting plastic. 

A schematic diagram of a type "Ett core assembly is shown in Figure 4-7. 

The 2.5N-turn winding is called the "read'" winding, and the other two are 

called the "set" and "clear" windings. 

The core is a bistable device capable of storing a "1 tI or "0" , depending 

upon the direction of remanent magnetization in the core. In general, the "0" 

state is produced when a positive pulse is applied to the "dot tI end of a wind­

ing (see Figure 4-7), and the "1" state is produced when a positive pulse is 

applied to the opposite end of the winding. Note that the set winding is 

of opposite polarity to the read and clear windings. 

The hysteresis loop for the core material is shown in Figure 4-8. 

(b) CRYSTAL DIODES. - Each magnetic switch contains, in addition 

to the core, from 10 to 15 germanium diodes. The unique property of electrical 

one-way conduction of diodes makes them useful in the design of logical com-

puter circuits. However, one undesirable characteristic requires special 

circuit design. 

It was generally assumed that germanium diodes would exhibit a large back 

resistance immediately.upon application of a reverse voltage after the diode 

had been conducting in the forward direction; unfortunately this is not true. 

Germanium diodes require a finite time to recover to their static back resist-

ance value after reversal of the applied voltage. This time is known as 

"diode back recovery time·'. 

This enhancement period allows a relatively large decaying reverse current 

to flow through the magnetiC core and may partially reset the core to another 

value. Where many parallel diodes contribute to this reverse current, as is 

4-21 
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Terms: 

CLEAR 
N 

READ 
2.5 N 
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SET 
N 

READ 2.5 N - A Read winding of 100 turns 

CLEAR N - A Clear winding of 40 turns 

SET N - A Set winding of 40 turns 

(.) - (dot) Used to denote a certain end of the winding. 

A positive current applied to the "dot" end of a 
winding produces a "0" state. 

A positive current applied to the "opposite" end of a 
winding produces a "1" state. 

Figure 4-70 Diagram of Magnetic Switch Core 
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Figure 
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FLUX 

IN B (X 103 ) GAUSS 

____ -=~--- -B s ---
II 011 STATE 

Terms: 

I 
.4 .I MAGNETIZING 
~-----4-----+~~~----~--~-r~~~----~----~----FORCE 

.3 .2 .5 .1 .4 .3 .2 

11111 STATE 

+B - Saturation flux density in the "1" direction " s 
+Br - Remanent flux density in the '!l" direction 
-8 - Saturation flux den,sit u in the "c" direction s J 

-Br - Remanent flux density"in the "0" direction 

IN H (OERSTED) 

Writing a "0". 

When a positive current is applied to the "dot" end of the winding, assuming 
that the core is in the "1" state at +Br , th~ flux state of the core shifts 
along a major hysteresis loop to point -B. \\Then the positive current is removed, 
the core shifts to point ·-B r or stable !tO~ position. 

·Writing a "1". 

When a positive current is applied to the 9topposite" end of the winding (see 
" "F i 9 u r e 4~ 7 ), ass urn in g t hat the cor e is i nth e " 0" s tat eat -B r' the flux s tat e 
of the core shifts along a major hysteresis loop to point +Es. When the posi­
tive current is removed, the core shifts to point +Br or stable "1" position. 

Figure 4-8. Hysteresis Loop of Core Material 
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the case 'With the output diode~ on the magnetic switch printed""circuit card, 

the reverse drive may be sufficient to completely shift a coreo 

This condition is corrected by deriving a one=mi.crosecond transfer pulse 

and a twoamicrosecond read pulse from separate sourceso The effect of the 

enhancement current~ caused by the reverse voltage at the end of the transfer 

pulse~ is eliminated by the read pulse existing one microsecond after the 

termination of the transfer pul.seo The characteristic of the diode is such 

that very little back voltage is generated after one microsecondo With a back 

recovery time of one microsecond there can be no enhancement current interference 

af·tel" the termination of the tWQ=microsecond read pulse. These pulses are 

fully described in another paragraph of this chaptero 

( c) READ AND TRANSFER PULSES 0 ... The cores in a, magnet awl. t-ch 

circuit are interconnected ~o that information is transferred sequentially 

from core to core by pulseso In each core, the receipt of pulses on the set 

or clear windings is ofremembere~' until a pulse on the read winding transmits 

the remembered bit to the next coreo 

The Set, Clear, and Read operations of the cores are controlled by two 

types of pulse8 ~ Read Pulses and Transfer Pulses 0 These pulses, distributed 

to the cores simultaneously, are of a four~phase cycleo During a cycle, each 

pulse of each type is given a time, denoted by 0, 1, 2.? and 30 For example, 

the four transfer.pulse phases of each cycle ard denoted by TPO, TP1, TP2, and 

TP30 Thu.s, the s::quence of the operations (set, clear j read) of each core is 

cyclic. 

Wave forms of these pulses are shown in Figure 4""90 While no two of the four 

transfer pulses (TPO through TP3) coincide j it should be noted that the four read 

pulses (RPO through RP3) overlap by one microsecond 0 Also note that the first 

half of RPO coincides with TPO, the first half of RPI coincides with TPl, etc. 
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TPO 

TPI 

TP2 

TP3 

RPO 

RPI 

RP2 

RP3 

TIME 0 I 2 3 

I 
I 

I 

I 
I 
I 
I 
I 

I 

I 
I 

I 
I 
I 

I I 

0 I 2 

I 
I 
I 
I 

I 
I 

3 

Figure 
4-9 

Figure 4-9. Phase Relationships of Transfer Pulses (TP) and Read Pulses (RP). 
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(e) BASIC CIRCUITS. 

NAVY MODEL CXPK 
THEORY OF OPERATION 

10 BASIC TRANSFER CIRCUIT o - This circuit is a basic block 

around which all of the other logical ci.rcuits are built. The :function of this 

circuit is to transfer the information in core A to core Bo Figure 4-10 shows 

a schematic diagram of the basic transfer cireui t 0 If core A contains a Vgloo, 

then upon simultaneous application of a read pulse and a transfer pulse, core 

B is set to the "In state and core A is cleared to the nOn state. If core A 

contains a "ot: then upon application of the pulses, core B is left in the not~, 

state and core A is cleared to the o~on state. In either case, B must be 

initially in the non state. 

This operation satisfies the Boolean equation B = A, which states that, at 

some particular instant, B is set to fQlvf, if A contains a. vOl ~o, or B is left in 
\ 

the tQo'" state if A contains a not'o 0 The step";by- step operations occurring in 

the circuit are explained below. 

ao TRANSFER OF A 1. - Assume that core A contains a 

lOIn and is therefore at +B on its hysteresis loop, and that core B contains a 
r 

nO" and is at -Br on its B"~ loop (see Figure 4-8). Also assume that a posi'" 

tive pulse applied to the dotted end of a core winding produces a flux change 

in the direction +Br to -Br and that a positive pulse applied to the opposite 

terminal produces a flux change in the direction ~B to +B • 
r r 

In the following explan~tion all references are made to the Basic Transfer 

Circuit, Figure 4-10, unless otherwise noted. 

A steeply rising positive (+24 vdc) two"'microsecond read pulse, as shown in 

Figure 4-9, is applied to R 0 When this clock pulse reaches ground potential, 
~ 

diode Dl conducts and causes a cur-rent flow through the 205N turn winding on 

core A. This current causes the magnetic flux in core A to start changing 

in the direction +BR to ~BR. The flux changes induce a voltage across Read 

4-26 
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EI 

READ PULSE 
E3 

E2 

02 

CLEAR 
INPUT 

RI 

_._-
- -f-- -

_of-- - - --_,.1--_ 

r= >1 
2 MICROSECONDS 

READ 
PULSE 

TRANSFER PULSE 
E3 

E2 

03 

04 

E3 (+24 vee) 

E2 (+ 8 vec) 

E I (+ 2 VD C) 

GROUND 

EO (-14 vec) 

R2 

EI 

I< ~ 
; I MICROSE.eOND 

'TRANSFER 
.PULSE 

Figure 4-10. Basie Transfer Cireui t (B = A) 

II ell 

Figure 
4-10 
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ceil A which is clamped at E (+8 vdc) by diode D 0 

2 2 
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Since the 2.5N turn 

read winding of A is of relatively large inductance, the switching proceeds 

rather slowly and back emf at point (!) is maintained for about 0.8 micro­

sec.ondso Point (j) is held at +8 ·vdc during the entire time core A is 

switching 0 When the flux in core A has reached ~B , the voltage at point (!) 
'S 

momentarily drops to zero. 

A one~microsecond transfer pulse (+24 vdc), occurring during the first half 
- /1 

of the read pulse and starting simul.taneously with the read. pulse,~s applied 
/ 

through R to point ®. The voltage at point ® ~ises exponentially at a 
2 

rate determined by Reo When this voltage reaches E (+2 vdc), diode D 
2 1 1 5 

conducts causing core B to start switching from -B to-B. Diode D does not 
. r S 4 

conduct because point G) is already at +8 vdc 0 Diode D conducts when point 
3 

® reaches. +8 Vdc', thus .clamping it at +8 vdc. This causes core B to switch 

at the constant voltage E - E (+60 vdc) until the flux in core B has changed 
. 2 1 

from ~Br to +Bso When the flux in co~e Breaches +Bs ' the induced voltage in 

the' set wi.nding fMls to zero, and point ® therefore drops to a +2 vdc. 

When core A has swl tched from +BR to - B S and point @ is momentarily at 

ground potential, diode D conducts and point ® falls below +2 vdc, thus 
4 

preventing D from conducting. The current then flOwing in core A is 
. . (5 

Es -r Es. When the transfer pulse is ended, diode D stops conducting and 
-R~ Ra 4: 

current in the read winding of core A drops to,!3 0 Final.l~, when the read 

pulse drops from E to ground, diode D is cut off, and the flux in core A 
s 1 

changes from ~Bsto -B
R

• 

b. TRANSFER OF A 'UOV11;. .. Reference is made to Figure 

4-10 and 4""'12 in considering the case where core A ~ontains a '~O t~ and Core B 

contains a nOn 0 Under this condition both cores Ai and B contain a residual 

flux of ""Br on their hysteresis loops. It is desired to transfer the "0'" 
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from core A to core B. This is accomplished by creating a minimum disturbance 

of the magnetic state of core B while core A is being pulsed in the direction 

-Br to ~Bs on its B-H loop, which is the same direction in which core A was 

pulsed for a "1" transfer. 

To cause this transfer a read pulse is applied to core A (Figure 4-10). 

At the time the read pulse reaches ground potential, diode D conducts, and 
~ 

a current flows in the read coil which produces a flux change in core A from 

-B r to -B. This flux change induces a voltage in read coil A, causing the r s 

voltage at point "1" to rise (as shown in Figure 4-12). This voltage will 

be c1ampled at E until the flux in core A reaches -E • This switching is 
. t: 

completed rapidly so that the voltage at point (i) drops from +8 vdc to ground 

potential in about O.l mi~~oseconds and remains there until diode D is caused 
4 

to conduct by "the I<)i; ". ',;':.-' .. ' 

It is for the (;.a.s',. .;. '., t~JI .• Tf. ::-: ::.;;;,;)P,c:i tor C produces i,ts most .. ~ 7 

useful effect; C del9.yt> til(~ :ci~c; 01' -the transfer pulse voltage at ~'oint {]'j 
'~ 

so that it does not reach ground potential until the voltage at point (1) 

(produced by the ~B to -B flux change in core A) has fallen to zero. The r s 

transfer pulse causes point (g) to rise exponentially toward +E at a rate 
3 

determined by R C until it reaches ground potential. When the voltage at 
2 ~ 

point (g) reaches ground potential, diode D conducts and causes a further 
4: 

flux change in core A. Since core A is already at -B , the flux change is 
s 

very small, and consequently the voltage pulse produced at ,points. @ and (g) 
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CORRELATION OF EQUATIONS AND BASIC CIRCUITS. "" The 

four~phase cycle timing mentioned previously is an integral part of the 

operations of each core. Each core has an assigned "read" time; ioeo, it 

receives read pulses from a pulse distributor at only one designated time 

during a cycle. These Read outputs from a core become inputs to other cores 

at the same cycle time, or as applied to a logical equation C = f (A,B). 

Outputs from cores of the terms A and B become inputs to a core C accord-

ing to the states of the cores of A and B and the logical operations of 

f (A B)o Then at some subsequent assigned time, pulses as applied to a 

core C become Read outputs from C and inputs to other cores in the circuit. 

The cyclic operation of the inputs and outputs to a core C as applied to 

the basic circuits, C = f (A,B), ~.1:s explained in the following paragraphs. 

The read time of a core C is designated as time n of the cycle with the 

inputs being received at the times n - 1 and n ~ 2. The time n + 1 is 

reserved because the readout operation occupies two successive time periods. 

Therefore, the magnetic switch cannot receive any inputs for two timing 

periods after the beginning of its read pulse. 

l. BASIC AND CmCUIT 0 - The basic circuit for satis-

fying the logical equation 
C = AB 

where C, A and B represent the cores C, A, and B, respectively, is shown in 

Figure 4=13. In this circuit, the outputs of A and B are connected directly 

to the same Set input of Co This cireui t can be enlarged so that up to four 

switch outputs can be connected in an AND union by simply soldering the output 

lines together. 

When the basic AND circuit is used in the four~phase system] all outputs 

to the AND junction must occur at the same clock time. Thus the timing cycle 
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for the core C would be as followsl 

Time n - 2 
n - 1 
n 
n+l 

SET INPUTS 
SET INPUTS 
READ OUTPUTS 

The operation of the circuit shown in Figure 4"'13 is as follows, 1) If 

both A and B contain a "1", their respective output diodes (D4) will be 

blocked by the emf set up in the read coils, and the TP will be forced 

through the set winding of C, 2) if, hOv1ever , either of the input cores 

contains a "0", the associated output diode will not be blocked, and the TP 

will be shunted away from the C set winding through the read winding(s) 

containing the "0". 

4. BASIC OR CIRCUIT. - The basic circuit for satisfying 

the logical transfer equation 
C=A+B 

where C, A, and B represent the cores C, A, and B, respectively, is shown 

in Figure 4-14. This circuit operates on the same principle as the basic 

transfer circuit, except that the transfer of a "1" to core C can be made 

from core A or core B, either or both transfers occurring at either of 

two consecutive times. Outputs from the read windings of cores A and B 

are connected through a crystal OR circuit to the set winding of core C. 

This circuit can be enlarged so that up to four read outputs can be 

connected as Set inputs to the OR circuitry. 

When the basic OR circuit is used in the four~phase system, the timing 

cycle of the switch C is as follows~ 

Time n - 2 
n - 1 
n 
n+l 

SET INPUT 
SET INPUTS 
READ OUTPUTS 

This signifies that the OR circuit can receive one or more Set inputs during 

any two consecutive clock times, and that a Read output from the core must 
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occur immediately after the two times reserved for the set pulses. 

Each element A and B of the OR expression could be in itself an, AND 

expression since all Read outputs from an AND equa~ion must occur at the 

same pulse time. 

~. BASIC AND NOT CIRCUIT. a The basic AND NOT circuit, 

shown in Figure 4-15, satisfies the logical transfer equation C = AB-~ 

where C~ A, and B represent the cores C, A, and B, respectively. 

This circuit works on a four-phase time negation principle. The 

timing cycle for the core C would be as follows. 

Time n ... 2 
n - 1 
n 
n+1 

SET INPUTS 
CLEAR INPUTS 
READ OUTPUTS 

The operation of the circuit shown in Figure 4"'15 is as follows! 1) If A 

contains a ''In , C is set to n1u at, time N~ then 2) if at time N + 1 B does 

not contain a nl'e.~ C is unaltered. 

The elements A and B may be AND or OR expressions if the timing restric-

tiona previously explained for these expressions are adhered to. 

Quite frequently it is desired to be able to obtain the complement of a 

given function. To perform this type .:?f logical operation using magnetic 
, I 

switches, it is necessary unconditionally to set a switch at time :0..02, then 

negate the switch at time n - 1 if the function is tel". If the function is 

not ''I n
, then this particular switch remains set to nln. This type' of circuit 

satisfies the follOwing logical transfer equation, C = (1) (B)-~ 

(e) APPLICATION TO COMPUTER USE 

1. GENERAL.'" The smallest physical unit in the computer 

is the printed-circuit card. ..The majority of these cards are of the magnetic 

switch type, in which a magnetic switch core is mounted on a printed-circuit 
) 

card, along with the orystal AND apd OR circuitry associated with the set and 
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clear inputs to;tileeore. One edge of the ca.rd is fastened to a l5-pin con-

nector. Thus, to form a circuit satisfying a logical transfer equation, it 

is only necessary to choose ~ards paving the proper AND and OR input circuitry, 
, , 

plug these into a chassis ~ontaihihg a number of l5-pin Jicks, and intercon: 

nect the jacks in the chassis. 

2. PRINTED-CIRCUIT CARDS. - The magnetic switch cores, 

q~ipg, the basic buil9-ipg b+pcks of the conrnuterlogi,c, are pla.ced,~ ol,l/,stanQ-ard 
.: ..... " J. '" ,'j. ,."' , ' ., ", ,j " 

size 2 x 2-1/2 printed-circuit oards along with associated resistors, 

crystals, and capacitors. On one side of the card is fastened a l5a pin con­

nector, see Figure 4-16. Each ca:t;'d can have a maximum of four inputs, and 

each card has a total of nine inputs and outputs combined. Pins 1 to 5 are 

always used for output, pins 6-8 are either input or output depending on 

the card type, pin '9 is always used for input, pin 10 is connected to the 

+8" V'dc power supply, pin 11 is the +2 vdc supply, and pin 12 is connected 

to ground. Pin 13 is used'for either the clear pulse or the second tran-

fer pulse, pin 14 connects the first transfer pulse, while the read pulse 

is connected to pin 15. There are 16 different switch card types, 

used in the compute:r. A typical card, type 3015, and its schema'tic" are 

shown in Figures 4-16" ~d 4 ... 17. 

other printed-circuit types used in the main computer chassis and in 

the external equ~pment are listed and explained in Maintenance, Volume 4, 

section 6. 

1. CHASSIS. - The, standard chassis is a 3 by 1"'1/2 

frame that conta~ns 180 l5-pin jacks with associated wiring and power supplies. 

The jacks are ar~~ed in twenty horizontal rows and nine vertical columns. 

Wires with taper pin connectors are plugged into the jacks on the back of 

the chassis (see Figure 4-18) and the printed-circuit cards arS plugged into 
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the jacks on the front of the chassis (see FIgure 4...-.19)0 The logic elements 

are connected by pOint=to'"'point wiring and all connections leading in or out 

of the chassis are terminated at E"" blocks" ffhe power supply is located on 

,the top of the chassis. 

The chassis found within the main cabinet fJ.,j':t2 suspend.ed in a vertical 

posi tion from a suppor"t tube and wil'e duct 0 'I'he:y are held in that pasi tion 

by lever latches on the bottom of the (3haS2,is 0 AJ.I the chassis can be manual-

ly lifted to a horizontal :posl,tian when 'the thmrib latch is released and can be 

held horizontally by a spring retention SyStEJi1J thus making all cards and 

taper pin connections easily a~ce8sible for :maintenance" The external equip'" 

ment contains various cyther types of chassis but all use the standard size 

printed "'cireui t cards with taper pin c()lnne,~tor8" 

d. LOGICAL ORGANIZATION 0 co The computer i.8 composed of four major 

logical sections; the Cont:rol Sect.ion, the krit;hmetic Section, the Storage 

Section, and the Input""Output Section 0 Ea~h of these sections is further 

divided into logical systems which are the subjects of the principal sub-

paragraphs. All those systems which serve as adjtlncts to the logical 

circuitry, such as power supply, po"wer dist,l"'ibut:ton, protective interlocks 

and cooling system, are included in the Power and Mechanical Section. 

4"'2. CONTROL SECTION 

a. GENERAL. ~ The Bogart control section is composed of the Master 

Clock, Program Control Register, Program Address counter, the ColIlIIl£ind Logic 

circuits, the Fault Detection circui t,s ~ and the Manual controls. 

The Master Clock generates the read and. tl"ansfe!" pulSeS ,,{>Thieh control the 

transfer of all information within the main maclline. The Program Control Reg= 

ister contains the instruction to be performed and indicates h01? the instruc= 

tion is to be modified. The Program Add.ress Hegi.ster controls the sequence 
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in which the instructions are to be used. The command logic circuits are the 

basic logic circuits used with each instruction. The fault detection circuitry 

recognizes a number of faults and stops the machine. TPe manual controls con-
I 

. sist of the controls used by the operator when the mach~ne is in normal use. 
" 

b. MASTER CLOCK SYSTEM. - The logic used in th~ Computer ~,s controlled 

by a fourcophase cycle system of pulses. During a cycle each pulse is given a 

time , denoted by 0, l, 2, and ;. The two basic pulses used in Bogart are 

the read and transfer ~1S~. The·.read pulse is a square wave that is positive 

for two microseconds ~d negative for two microseconds. The transfer pulse is 

"a square wave that is positive for one microsecond and negative for three micro-

seconds. Figure 4-9 shows the waveforms of the pulses. 

The transfer and read pulses controlling the magnetic core switches on any 

computer chassis are driven by a pulse driver assembly that is mounted "on the 

same chassis. Each driver assembly produces a four-phase system of read and 

transfer pulses as shown in Drawing 816491 Volume 8, page ;1. All driver 

assemblies are synchronized so that corresponding pulses coincide throughout 

the computer. This synchronization is achieved by connecting all'driver 

assemblies to a single clock source. 

(1) DRIVER ASSEMBLIES. - Each drive:rv assembly pr0d.uces o'Q.t,puts on 

eight lines designated as RPO, RPl, RP2.\ RP;, TPO, TPl, TP2, and TP;, respect ... 

ively, in accordance with Drawing 81649. Each driver assembly receives inputs 

on lines designated as rpO, rpl, rp2, and rp;, ~:; respectively. ,Thes rp signals 

have the form of the corresponding RP signals, but reqUire further processing 

(especially amplification) before they can be used to switch cores. Similarly, 

unamplified transfer pulses are given tp designations in the explanation that 

~:;Lower case read pulse" designations (rp) correspond to the input pulses to the 
driver assemblies while upper case (RP) denotes driver assembly outputs. 
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follows 0 Each driver assembly consists of two read pulse generators and four 

transfer pulse generators, as shown in Drawing 81138, Volume 11, page 80 

(a) RK~ PULSE GENERATORS. - Each read pulse generator 

(Drawing 81138) is a push~pull amplifier that receives a pair of phase-opposed 

rp signals from the clock and amplifies them to give the corresponding, RP 

signals" The output trans.formers of both read. pulse generators are pulse 

transformers which are special-purpose transformers that receive square-wave 

inputs and produce corresponding square-wave outputso 

(b) TRANSFER PULSE GENERATORS~ - Each transfer pulse generator 

combines two successive rp inputs in an AND circuit to form one tp signalo 

The tp signal is then amplified to form the required TP signal~ All four 

transfer pulse generators are shown in Drawing 811380 The operation of all 

four is illustrated by the TPO generator (the VOl circuit)o Diodes CROl and 

CR02 comprise an AND circuit~ only when both are cut off (by simultaneous 

positive signals at pins 1 and 3) does the control grid potential become 

positive to permit conduction through VOl" Inspection of Drawing 81138 

shows that this grid signal, representing the logical product of rp3 and rpO, 

is a tpO signalo Polarity reversals in VOl and T02 mutually cancel, so the 

final TPO pulses are positive~ 

(2) MASTER CLOCK ..... the Master Clock, Drawing 81655, Volume 11, 

page 1, generates the basic read pulses which are converted into the final 

read and transfer pulseso The clock consists of a 500 kc square-wave genera-

tor, two pulse formers, and four AND blocks connected as shown in Drawing 

81649, volume 8, page 31. 

The square-wave generator produces two phase-opposed 500 kc signals, as 

indicated in the logic diagram. (Each circled number on the diagram indicates 

the idealized waveform of the adjacent signal$) 
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The pulse formers are not true flip-flops, but they act as flip-flops 

during normal clock operation. If input (i) to Pulse Former 1 is pulsed, 

@ becomes positive an;i G) becomes negative. This condition persists until 

another pulse at G) causes another polarity reversal.. Alternate pulses at 

<I> , and (2) cause phase-opposed 250 kc, square-wave outputs to appear at (j) 

and 0).. 

(a) CLOCK OPERATION. - For a brief period after it is turned 
I 

on, the clock is in an abnormal condition. 'This condition is soon corrected 

and the clock settles to normal operation. The explanation that follows 

begins by showing that normal operation is self-sustaining and concludes with 

an account of how normal operation is initiated. 

1. NORMAL OPERATION. - Normal operation of the clock is 

clarified by comparison of the waveforms and diagram of Figure 4-20. Wave­

forms G)and ® are combined'in AND 1 to produce @ . Waveforms <D and ® 
are combined in AND 2 to form (j) . Application Of(j) and(2) ,to their 

respective input terminals cause pulse former 1 to alternate in such a nianner 

that waveforms G) and G) are produced at the output terminals. Comparison 

with Drawing 87649 shows that these outputs (at G) and G) ) are rpO and 

rp2 signals, respectively 0 Similar analysis of the right-hand portion of, 

the network shown in Figure 4-20 shows that pulse former 2 produces rpl and 

rp3 signals at its <WI and @ outputs , respectively. 
;( 

The above paragraph describes normal operation and shows that such opera-

tion will continue if started.. The account of each pulse former, however, 

assumes that the other is already operating properly, i.e., the account of 

pulse former 1 assumes that ® and ® are available; the account of pulse 
\ 

former 2 assumes that G) and G) ar~ available. To complete the explanation, 

a description of how the 'clock starts is required. 
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Normal operation of the clock implies only these conditions 

1) rpO and rp2 constitute a phase~opposed pair of 250 kc square~waves. 

2) rpl and rp3 constitute another phaseoopposed pair of 250 kc square~ 

waves<> 

3) rpl lags rpO by 90° (one microsecond). 

S'tudy of Figure 4"'20 shows that each of the four possible modes of starting 

leads to normal operation as defined aboveo 

2. STARTING OPERATION 0 = The following account of how 

the clock starts suffices to complete an explanation of clock logico The 

description is simplified by overlooking some of the ab'normal conditions that 

occur during starting 0 The first minute (approximately) of clock operation 

is more erratic than could be inferred from this account. 

In the absence of signals from the pulse formers, the rp lines assume a 

quiescent potentiaJ. that .. is i:ntermediate between the extreme values of the 

normal. rp waveforms 0 ThiS starting potential partially enables all four AND 

blocks so that they can only feebly conduct signals from the square-wave 

generator to the pulse formers. 

If the first pulse from the squareawave generator probes ANUs 1 and 2, it 

will pass with attenuation to both input terminals of pulse forn,ter 1 <> The 

pulse at (i)J tends to drive outp:ut G) posi ti ve, while the pulse at ® tends 

to dr! ve G)posi ti ve • This corld.ltioh of opposed inputs is unstable, one 

. input ultimately prevails and the.~e former is -switched to one state or 

the othero 

If the pulse' at (i) prevails so that output0-iS'-~witched-to the posi~ 

next pulse- -@ from the square wave generator·passe8i;hrp~~ AND· 4, switching 

Output ® of pulse former 2 to the: pos! ti ve state 0 .. -:PriJ.se -forme!· 2 thereupon 
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fUlly enables AND 1 and fully disables AND 2. As a result, the clock begins 

normal operation. 

The above two paragraphs describe the initiation of normal operation, 

assuming the first pulse former to be switched is pulse former 1 and that out­

put G) of this pulse former is switched to the' positive state. Neither of 

these assumptions is necessary; a similar analysis applies to any of the four 

possible cases. Normal operation ensues regardless of which pulse former 

is the first to be switched and regardless of which state this pulse former 

first assumes. 

(b) CLOCK CIRCUITRY. - Operation of the clock is explained 

above in terms of logic blocks. The purpose of this section is to show how 

these blocks are implemented in electronic circuitry. 

l~ SQUARE-WAVE GENERATOR. - The square-wave generator 

includes an oscillator and a shaper. The oscillator produces two phase-

opposed 500 ks sine waves. The positive loops of the sine waves are shaped 

to give nearly square pulses by first amplifying them so that the waveforms 

are very steep near the base, and then clipping off the rounded tOPS4 Figure 

4-21 clarifies this point and shows that the negative loops are not similarly 

clipped; the shape of the tips of the negative pulses is unimportant. 

The oscillator is a type 4001 card (shown at J09Bl on Drawing 87655). 

The two phased-opposed 500 kc sine-wave outputs are obtained at pins 13 and 

3, respectively. 

The shaper is a type 4002 card, shown at J09A1" It is explained above 

that shaping consists of two sequenced steps: amplifying and clipping. The 

shaper performs only the amplifying step; clipping takes place at each of 

the cards to which the shaper output is sent. The shaper consists of two one-

stage triode amplifiers: V02A, which amplifies the pin-4 input, and V02B, 
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(a) Oscillator Output 

(b) Amplified Oscillator Output 

(c) Cl i pped Output 

Figure 4-21. Clock Oscillator Waveforms 
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which amplifies the phase--opposed pin~2 input. 'rhe two shape!' out.puts, 

corres:ponding to CD and ® of Figure 4'''20, are o"btained at pins 11 and 13, 

respectively. 

If) c .• THE FOUR AND BLOCKS. c. The four AND blocks of Figure 

4-20 are contained on four type 4003 ca.rds at J09A2, J09A5, J09A6, and J09A9, 

respecti velyo It is explained above that the pin~ 13 input to thet~e cards 

(from the shaper) requires clipping to square the positive pulses. This 

clipping is performed separately on each card by diode CR05. 

The AND function is performed by di.odes CROI and CR02; only when both 

diodes are cut off (by simultaneous positive inputs at pins 13 and lb;) does 

the potential at pi.n 10 become pesi ti ve. The idealized pin-=-lO waveformi3 for 

ANDs 1, :2, 3, and 4 are @ , CD , @ ,and ® , respectively, of Figure 

4,~20. In each case, the pin 10 signal consists of one microsecond square 

pulses spaced by three microseconds. 

The pulse-former requires relatevely strong negative pulses to syri tch 

the state of its outputs. The pin""lO pulses are accordingly amplified and 

inverted by the 6AN5 tetrode before their subsequent transmissi,on to the 

pulse former. This process is not indicated in the logic diagram because it 

includes no logical operationso The tetrode merely changes the electrical 

form of each pulse to make it acceptable to the pulse former. The ideal~ 

ized waveform at the pin~9 final output of each AND card cor!tesponds to the 

pin 10 waveform, inverted 0 

2. THE STARTING PARTIAL ENABLE. c.-. During normal operation, 

the potential at pin 14 (of each of 'the 4003) is either about +5v or about 

<» 35vo If it is +5v, the /AND~ is enabled (signals can pass from pin 13 to pin 

9), if it is'" 35v, the AND is disa'bled (signals cannot pass from pin l3 

to 9) 0 When "t.he cIcek is first started, hmoJ'ever, the p:i,nr.o14 potential is 
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quiescent at ~14vo This potential is t~e partial enable referred to aboveo 

The resulting conduction through eRGl lowers the pin~lO potential enough to 

reduce conduction through the tetrade, but not enough to cut it offo Thus, 

the first signals at pin 13 reach pin 9, but at less than normal amplitudeo 

(c) PULSE FORMERS 0 ... Each pulse former includes two type 4004 

cards and one pulse transformer 0 The ex-planation that follows refers to pulse 

formerl, but applies to both pulse formerso 

10 CROSSED INPUT CONNECTIONo ~ The connections between 

AND 1, AND ;2, and the pulse former input termina1.s are shown in Figure 4""20 by 

a pair of crossed lines below the pulse formero Drawing 87655 shows, however, 

that this intersection actually occurs within the pulse formero The outputs 

of ANDs 1 and 2 are applied to the right and left=hand cards, respectively 

(pin 5 in each case). The intersection is formed by the lines that connect 

pin 5 (through CR01) of each type 4004 card to pin 4 of the othero 

20 THE V07<:>V09 MULTIVIBRATOR COUPLINGSo "" The plate of 

V07 is coupled through T03, R09 (J09A3), and CR02 (J09A3) to the control 

grid of V09. The plate of V09 is similarly coupled to the control grid of 

V070 These plateQto~grid cross<:>couplings account for the similarity of the 

pulse former to a flip=flopo A (negative) trigger pulse applied to the control 

grid of V07, for example, cuts V07 off so that a positive signal passes from 

the plate of V07 to the control grid of V090 The resulting increase in conQ 

duction in V09 causes a negative signal to pass from the plate of V09 to the 

plate of V09 to the grid of V07. This negative signal reinforces the trigger 

pulse and prolongs its effect so that V07 remains cut off and V09 remains 

highly conducting even after the trigger"'"pulse ends. Tbepulse former remains 

in this state until (one microsecond later) a trigger pulse at the grid of 

V09 switches it to the opposite stateo 
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INSTABILITY OF PULSE FORMERS. - Becal1se each of the 

plate-to~grid cross-couplings includes a transformer link (TO,), only a 

changing signal at the control grid of one tetrode can be conveyed (with 

inversion, etc.) to the control grid of the other tetrode. For this reason, 

the pulse former is not stable in either of the output states ; it al'"w'ays 

drifts toward the quiescent state. This is the property that distinguishes 

the pulse former from a flip"flo:p; the pulse former is not bistable. During 

normal. operation this distinction is not important because the pulse former 

is switched between its output states at a rate that is large in comparison 

with "the rate at which it drifts toward the quiescent state. 

The quiescent potential at the control grids of VO? and V09 is high 

enough (-14v) to cause both tetrodes to be overfu·iven. If the pulse former 

were allowed to remain in the qUiescent state, both tetrodes would be 

damaged. 

(3) RESYNCHRONIZING CIRCUITS o go In this and future discussions in-

volVing switch core logic, the convenient expression itX sets (core) Y" will 

often be used in place of the longer phrase, v'core X transfers a '1 t to co!'e 

ytl. Similarly, expressions in the passive voice, e.g., "core X is set·', 

shall be \Ulderstood to mean Us. 'I a is transferred to core X9t. 

(a) THE RESYNCHRONIZING DELAY .cOUNTER (RDC). ,. The resynchron-

izing delay counter (RDC) sends one pulse every 128 microseconds (32 clock 

cycles) to various magnetic switch type resynchronizing delays (RD) control-

ling outputs from manual select switches, external fault lines, etc. (See 

Drawing 87206, Volume 8, page 32.) TtN"O unconditionally set cores (G33 GS '?) 
04' 04 

read out every clock cycle but the 32nd, and send enabling pulses to the RD 

circulation bits (run, step, stop, etc.). These two cores are designated 
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During the RDC cycle, if an input signal is no longer available, the 

associated RD bit must be cleared 0 This is done by clearing the enabling 

cores (G33
j 037 ) through RDC output cores G21 and a22 thus stopping the 

04 04 04: 04 

RD bit circulationo Functioning of the RDC is as follows2 

Core G~l is unconditionally set j but reads out only on alternate cycles 
010 

because of the negating action of 001
0 During the first cycle all sets G21 

00 OOl 00' 

which starts its associated circulation bit (G01~ G2~~. When G21 is set 
01 01 00 

again during the third cycle it will AND with G21 to set aS1
, the core con~ 

01 01 

trolling the second stage of the countero G31 starts its circulation bit . 
01 

(a11~ a 31 ) and also clears the first stageo 
02 02 

Four clock cycles later (cycle 7), through action explained above a31 is 
01 

again set7 then, together with a31 , it sets the control core in the third stage 
02 

(0°1)0 The G21~ GOl circulation bit is started at the beginning of cycle 8, 
02 03 03 

and when GO~ is set once again during cycle 15, GO~ 001 will set 022 (stage 4 
02 02 03 03 

control core)o This action occurs at the start IOf cycle 160 During cycle 32, 

G11 Gll sets output cores G21 and G22 , and the process is repeated., 
04 103 04 04 

A tabulation of action by stages, where X represents circulation 'and X-J. 

denotes negation, is given on page 55 for the 32 clock cycleso Cycles on 

which all. reads out are also shown by Xo 
00 

(b) RESYNCHRONIZING DELAY (RD)o = Coincidence between central 

computer clock pulses and various asynchronous signals (manual push buttons, 

Resume and Respond signals from peripheral devices, etco) iSj at best, hap= 

hazard 0 If, for example j a Resume from a piece of external equipment were to 

occur at the precise moment necessary to AND with the proper clock pulse J the 

resultant pulse would be of sufficient magnitude and duration to perform its 

assigned function (I On the other hand, a slight delay of the incoming sign.al 
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Cycle G~~ 1 2 3 4 Cycle G~~ 1 2 3 4 
00 00 

1 X X 17 X X X 

2 X 18 X X 

3 X r~ 19 X X-~ X 

4 X 20 X X 

5 X X X 21 X X X X 

6 X X 22 X X X 

7 X X-~X 23 X X-~ X X 

8 X-~ X 24 X~~ X X 

9 X X X 25 X X X X 

10 X X 26 X X X 

11 X r~ X 27 X X-~ X X 

12 X X 28 X X X 

13 X X X X 29 X X X X X 

14 X X X 30 X X X X 

15 X X-~ X X 31 X X-~ X X X 

16 X-~ X-~ X 32 X-~ X-~ X-~ OUTPUT 

might, when combined with the clock pulse} result in either no output at all} or 

a runt pulse of decreased duration and magnitude which might or might not be 

able to perform its designated task. 

In order to assure signals from asynchronous devices being of proper ampli~ 

tude and duration} the incoming asynchronous signal is introduced into a 

"build"'up register" (resynchronizing delay circulation bit) under the control of 
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The signal so introducted circulates in this 

resync delay until it has had time to build up to full value or decay to a neg~ 

ligible level. A second resync pulse issued after 128 microseconds allows the 

signal pulse to leave the circulation bit and proceed down its assigned path. 

Since most asynchronous input signals last for a period considerably greater 

than the interval between resync pulses, the resync circulation bit will be kept 

in a t~t. state, as long as the input signal line is up~ by the recurring resync 

pulses. 

~~ch a resynchronizing device is shown in conjunction with the Selective 

Jumps and Stops on Drawing 87206, Volume 8, page 32. 

When Selective Stop 3 switch is on (MrS), and RDC output from G3S will AND 
74 04 

with Mrs to set the associated resync circulation bit (G~o~ G30
). The circula~ 

74 73 73 

tion path is enabled by the (RDC)~1 pulses from 037 • The next RDC pulse from 
04 

G36 will AND with GSo to produce an output which is synchronized with the rest 
04 73 

of the clock system. Output pulses from GSo will continue as long as Mrs is 
73 74 

up, as explained above. When Mrs is released~ (G~o_ GSO ) will continue circula-
74 73 73 

ting until the next RDC pulse, which will clear G:, thereby stopping the resync 

circulation bit. 

In some instances it is important that only one output pulse be issued for 

each discrete input signal, regardless of the length of such signals. A single 

pulse RD of this type is shown controlling the low~speed oscillator on Drawing 

87206, Volume 8, page 330 This circuit utilizes a Common Resync bit which 

ordinarily circulates as long as the Resync Delay bit contains a uou 0 Action of 

the circuit is as followst ~ 

The Common Resync bit is started circulating by a20
, which is uncondition"" 

95 

ally set. At some point on the positive swing of the low-speed oscillator 

(y3S) its wave coincides with the RDC pulse from G32 to set G10• (The negation 
00 04 96 
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of G20 by G~o has no bearing on the circuit at this time, since (G~o_ G30 ) is 
95 96 95 95 

already circulating.) Normal circulation of the Resync Delay bit is enabled by' 

(RDC) -~ pulses from G33 • The next RDC pulse from G32 and will AND with GSo G30 

04 04 9~5 96 

to set GOO, which emits one output pulse, and at the same time clears the Common 
96 

Besync circulation bit (G~o_GSO). This circulation bit remains cleared as long 
95 95 

as the Resync Delay bit (G~o_ GSO ) is circulating, thus preventing repeated out~ 
96 96 

put pulses from GOo. 
96 

When y38 is no longer sufficiently positive to AND with GS2 , the Resync 
00 04 

Delay bit will be cleared (during the next RDC cycle) as explained above l and 

...I G:~ will again initiate Connnon Resync circulation. The circuit thus is prepared 

for the next asynchronous input signal from the oscillator. 

c. PROGRAM CONTROL 

(1) GENERAL. - The program control section consists of the Prog;~'am 

Control Register, the B-registers, the U-register adder, the P-register, the 

program control sequences, and the translators. The Program Control Register, 

generally called the U-register, contains the instruction to be executed and 

its modifiers. The B-registers, along with the U-register adder, are used to 

modify the contents of U. The P-register determines which instruction will be 

placed in the U-register, and the program control sequences are used to alter 

the step~by-step advancement of the P-register. The translators are used to 

indicate the values in the U-register and to set the proper controls. 

(2) U-REGISTER. - The U-register (Program Control Register) shown on 

Drawing 87077, Volume 8, pages 24 and 25, is a 24-bit switch core register. It 

contains the instructions with their various modifiers and, therefore, controls 

all operations performed in the main computer. The U-register is composed of 

four sections, the instruction code, the index designator, the inst~lction 

modifier, and the base execution address sections. 
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INSTRUCTION CODE. - The instruction code or c, Figures 4a 23, 

is conta.ined in the upper six-bits of the Uaoregister, U ••• U ,see Figure 4-22. 
~e 23 

It specifies which instruction is' to be executed, thus enabling the main control 

translator to set the proper controls for completing the instruction sequence. 

10 BASIC PROPERTIES OF U ••• U .... The basic storage elements. 
~e 23 

of each bit are four magnetic switch cores. 

20 TRANSMISSIONS TO AND FROM U ••• U • co Before transmission 
~e 23 

to U ••• U ,this section of the register is cleared by N control cores. 
~e 23 36 

CORE Uoo. ~ This core receives information from Z30 under the control of 

N .'," cores 0' It transmits information to the Main Control 
33 

Tr:--2s1ator 0 

CORE U08 • - This core receives the complement of Z30 under the control of 

N cores. It transmits information to the Main Control 
33 

Translator. 

CORE U~O ... This core transmits its contents to the Main Control Translator. 

CORE U30 • ~ The core can be set by the manual pushbutton on the indicator 

display panel and has an output to the indicator display lights. 

(b) INDEX DESIGNATOR. "" The index designator, or b, F~gure 4 ..... 23, 

is contained in bits U o •• U 0 These bits deterwine which B~box is to be used 
~5 ~7 

during an inst!~ction, see Figure 4-24. 

1.. BASIC PROPERTIES OF U • 0 • U • ~ The basic storate elements 
~5 ~7 

of each bit aI"e three magnetic swl tch cores. 

2. TRANSMISSION TO AND FROM U ••• U • ~ Before tran'smission ~ 
~5 ~7 ~ 

to U-· o. 0 U ,this section of the register is cleared by N cores 0 

~5 ~7 36 

CORE UOOo - This core receives information from Z30 under control of the 

4-58 

N core. It has outputs to the T cores in the b translator. 
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CIR. OF U 

TWENTIETH STAGE OF U-REGISTER ("e") 

Figure 4-220 1\'lentieth Stage of U-register ("e") 

Z~U 

Figure 
4-22 
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Stage --------------------- 23 --- 18 17-15 14 ----------------- 0 

~----------v~---------) 
c y 

14----------------- 0 
B register 

(ei ther Bl, or another from B2 through B7) 

I111111111111111 

The original instruction word as read from storage consists of a 
24-bi t word which causes the computer to perform one or more of its operations. 
It consists of the following: c, the Instruct-ion Code; b~ tijelndex Desig­
nator; and y, the Unmodified execution address. (y is sometimes an operand.) 

Seven "B-box tf type Index Registers are used to modify the y 
section of the instruction. These Index Registers each contain a I5-bit word •. 

Final Instruction Word 23 ---- 18 17 - 15 14 -------------- 0 

ITIlIIJ 0] 1111111111111111 
'-v----' '--v--/ '---..r-/\ ) 

c b m k 
If b =70, take original,instructi~n \ J 
If b .,=1, add cont-ents of ·Br·to y v 

If b =2, "add contents of B2to y Y 
If b ~3, add contents of B3 to y 
If D =4, add conte"nt s of 84' to y 
If .0 =5, add c{)ntents of B5 to y 
If II. =6, add contents of 86" to y 
If D- ~7, add contents of B7 to y 

The final instruction word is formed when y is modified by one of 
eight possible. combinations h/=O thru ,h.:::'4 In the Modified execution address, 
Y, the left-hand 3 bi ts are used as a Instruction Modifier-, m, lanq the 
remaining 12 bits, k, is the Base Execution Address. 

Figure 4--23. Portions Of An Instruction Word 
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NORMAL 

SEVENTEENTH STAGE ·OF U ~ REGISTER ("b" ) 

Figure 4-24. Seventeenth Stage of U-register (Ub") 

Figure 
4-24 
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CORE U~O. - This core receives information from Set b to 7 under the 

control of N cores. It also has outputs to the T cores and 
37 

indicator lights. 

CORE U30
• ~ This core transmits information to the T cores in the b 

translator, and can be manually set from the indicator display 

panel .. 

repeat instruction. 

2. SET b TO 7. - The Set b to 7 control is used during the 

The control consists of one core, NOO which places a tt~' 
37' 

in each bit of b p thus producing an octal 7. 

(0) INSTRUCTION MODIFIER. - The instruction modifier, m, is 

contained in bits U •• oU These three bits send information to the m transla-
~2 ~4 

tor J which in turn designates the path to be taken when an instruction has 

several options. The m portion can be modified by the B"", boxes.. When used with 

the base execution address, it is considered as part of a five-digit octal 

number with m being the highest~order bit. The five~digit number, if unmodi-

fied p is designated by y; but if the contents of a B-box were added to the 

fifteen bits before they were used, the five~digit number is designated by Y. 

A typical bit is shown in Figure 4"'25. 

1. BASIC PROPERTIES OF U •• oU 0 - The basic storage 
~2 ~4 

elements of each bit are four magnetic switch cores. 

2. TRANSMISSION TO AND FROM U .... U .... Before trans'" 
~2 ~4 

missions to U oooU ,this section of the register is cleared by N cores. 
12 ~4 30 

CORE U100 - This core transmits information to the U~register adder and re~ 

ceives information from Z30 under the control of N cores. 
33 

CORE U2 00 ~ The contents of X10 are transferred to this core under the 

control of N cores 0 Information is sent to the Uaregister 
34 

adder, the T cores in the m translator, the V cores (second<=> 
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B BOXES -
1:\ 

TWELFTH STAGE OF THE U-REGISTER ("m" ) 

Figure 4-25. Twelfth Stage of the U-register C'mU) 

Figure 
4-25 
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SiX 
00 

U~B 

FIRST STAGE OF: THE U-REGISTER ("yn) 

Figure 4-26. First Stage of the U-Register ("yfl) 
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level control cores), and also the F-register. 

to FOO is controlled by N cores. 
68 
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Transmission 

CORE U29
• - The complement of U~o is contained in this core. It has ou.t-

puts to the m translator and second-level controls. 

CORE U30 • - This core receives information from the U-register adder, and 

transmits its contents to the m translator, X~register and the 

B-box buffer, UOO • The transmission to X~o is controlled by 

N ,while transmission to the B-box buffer is controlled by 
~4 

by N3~. 
35 

CORE UOO • - This core, acting as a B-box, receives its informa.tion from 

U30 under the control of N3~. Outputs from Uoo go to B-boxes 
35 

1 through 7 under control of N through N • 
6~ 67 

(d) BASE EXECUTION ADDRESS. - The base execution address or k is 

contained in the lower twelve bits of the U-register, U ••• U ,see Figure 4-26. 
00 ~~ 

This section can be modified by adding to it the contents of a B-boxo During 

instructions involving memory, k contains the memory address which is to be 

used. On jump instructions, k designates the next instruction address in the 

program sequence. Combined with m, it is used as a five-digit octal number 

that can be used with many instructions. The lower six bits of k desi@late the 

number of shifts to be performed during shift instructions, and k also advances 

the storage address during the Load MOde sequence. 

1. BASIC PROPERTIES OF U .0.U • - The basic storage ele-
00 ~~ 

ments of each bit are four magnetic switch cores. 

2. TRANSMISSIONS TO AND FROM U ••• U Before transmia-
00 ~~ 

sions to U o •• U ,this section is cleared by N control cores. 
00 ~~ 30 

CORE U~O. - This core transmits information to the U-register adder and 

receives information from Z30 under the control of N cores. 
34 
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send information to ~o under control of the N 
85 

CORE U2
00 ~ This core receives information from X under control of N cores 

.. 34 

The contents of this register are sent to p30 under the control 

of N coresQ to FOC under the control Qf N cores~ and to the 
49 ' 68 . 

B .. ad.dero 

CORE U29
0 ... The complement of U10 is c(ontained on this core 0 Its output 

is to U3 00 

CORE U3 00 - This core receives information from the B=adder and sends in-

formation to the B~boxes, U-register adder, X~regi8ter, and 

S";':registero The transmission to X10 is controlled by N ,the 
1.4 

transmission to SOD is controlled by N ,and the transmission 
28 

to the specified B~box through buffer Uoo is controlled by 
00 

N oooN depending on the B-box designatedo Core U30 is set 
e.~ 67 

manually by an input from a pushbutton on the indicator display 

panel (through the U~register adder) 0 

(3) INDEX REGISTERSo .. The Index Registers, more generally called 

B<.O boxes, sho'W1l in Drawing 87074, Volume 8, page 21 and Drawing 87076, Volume 8 7 

page 23, are seven registers, each composed of 15 stages (see Figure 4-27)0 

The B,,·boxes are used to store values that can be added to the m and k portions 

of the U-register, thus mcd1fying the contents of m and ko B<=>boJt 7 is uniqu.e 

in that its lower twelve bits, B ( )' serve as a repeat COUL~ter and the 
7 OOoool~ 

upper three bits, B (' )' serve as a modifier during the repeat sequence 0 

7 1.200014 

(a) BASIC PROPERTIES OF Bo .. The basic storage elements of each 

bit are two magnetic switch cores. 

(b) TRANSMISSIONS TO AND FROM Bo "" When transmissions are made 

to and from B, the B~box to be used is designated in the b portion of the U~ 



NAVY MODEL CXPK 
THEORY OF OPERATION 

JOO 
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8 TO B-ADDER 

NORMAL 

CIR.OF 8 

FIRST STAGE OF B-BOX ONE 

Figure 4-27. First Stage of B-Box One 

Figure 
4-27 
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In transmissions to B, the specified B""box is cleared by N .o.N 
5~ 57' 

depending on the B~box to be used. 

CORE Bl,.~. - This core receives information from Uoo under the control of 

N •• oN ,depending on the B~box specified. 
6~ 67 

CORE B3X
o - This core transmits its contents to the U~register adder under 

the control of N ••• N ,depending on the B~box specified. 
41 47 ' 

(c) B REPEAT COUNTER. - The lower twelve bits of B act as the 
7 7 

Repeat Counter. Each time a repeated instruction is executed, a signal (J~9) 

is sent to B , which decreases the contents of the lower twelve bits of B by 
7 7 

one. This continues until the contents of B ( ) are zero. Then the B 
7 0°. 0 .11 7 

repeat counter signals that the instruction has been repeated the proper number 

of times (VSO == ttl'lt ), and the program advances to the next instruction. 
21. 

(d) B7REPEAT MODIFIER .... The B7 ,repeat modifier is, c(omposed of 
- ~." .. 

the upper three bits of B , denoted as (B)o If, during repeated instructions, 
,7 7 

the octal value of ni(B ) is~~,O, 27 4, or 6, the- contents of U are unchaiiged~ but 
7 ~':' 

if the value of m{B ) is 1 or 3~ the contetits- QJf nt and k are increased by one 
7 

after each repeat while if m(B ) equals 5 or 7, the contents of the m and k 
7 ' 

portion of the U~register are decreased by one. 

(e) B-BUFFER. Q The B-buffer, JOo and JO~ cores, contains the 

contents of the B-box designated by the b portion of the U~register. The B-

buffer has its outP'uts to the U-register adder. The contents of the selected 

B-box are sent to the B-buffer under control of the N cores 0 

4X 

(4) U ... REGISTER ADDERo - The U~register adder, shown on Drawing 87077, 

Volume 8, page ~6, is a two's complement addero It is used to add the contents 

of a B-box to the lower fifteen bits of the U~registerJ to increase or decrease 

the contents of U during R~peat instructions, and to advance the storage address 

during the Load Mode sequence. In addition, the adder is used when the contents 

4-,68 

""0 
>< 
co 
~I 



NAVY' MODELCXPK 
THEORY,' OF OPERATION 

Paragraph 
'4-2c 

of U are compared to the contents of a B-box during instructions 05 and 06. 

(a) U-REGISTER ADDER LOGIC. - When adding the contents of two 

bits, there are four possible combinations to be considered (see Example 1). 

o 

+0 
o 

1 o 

+1 
1 

Example 1 

1 

+1 
--0 + 1 to carry 

It is noted that adding tlO U to a bit does not change the content of that bit, 

but adding a u1" to a bit reverses the original contents of that bit. The u,"" 

register adder, following this logic, toggles~:~ a bit of U when the correspond-

ing, bit of the B-box contains a ·'1". It also is noted that a "1" added to a ttlt1 

produces a carry_ This carry is generated to the next higher-·:>rder bit and 

reverses the contents of that bit. I~the bit already contains a ·'1 tt, another 

carry is generated to its next higher-order bit and the process continues until 

the carry signal is applied to a bit that contains a "0". (See Example 2.) 

101011 
000110 

101101 

011100 

110001 

U-register 
B-box 

toggle bits of U 

apply caxry signal 

Exfunple 2 

Each bit that has a carry signal applied to it is then toggled, thus giving 

the final answer. However, when a carry condition is produced in the fifteenth 

bit, U ,the carry signal is disregarded and is not sent to any other bit. 
l4 

(b) ADD B TO U. - The B-jn'ox to be added to U is deSignated by 

the b portion of the U-register. The contents of the specified B-box are sent 

~:~Theword "toggle",' when used in computer logic, means "reverses the state of". 
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to the B-buffer (Joo and J 01 cores) under control of the N cores. Then the, 
4X 

contents of the B-buffer are sent to the adder under control of the N cores 
38 

and the bit-by-bit addition is completed. The N and N cores then sense 
31 32 

the carry conditions and toggle the appropriate bits, thus giving the final 

answer. 

(c) INCREASE U. - During the Repeat sequence, if m(B ) is E;tqual 
7 

to 1 or 3, the contents of the lower fifteen bits of U are increased by one each 

time the repeated instruction is executed. This is accomplished by adding one 

(N02 core) to the first stage of the U-register each time the repeated instruc~ 
40 

tion is ~ecuted. 

1 or 3. 

The N02 core is set during Repeat sequences when m(B ) equals 
40 7 

DECREASE U. - During the Repeat sequence, if m(B ) is equal 
7 

to 5 or 7, the contents of the lower fifteen bits of U are decreased by one 

each time the repeated instruction is executed. By adding a negative zero (all 

"1 ' s·') to U, the contents of U can be decreased by one since the carry condition 

on U is disregarded (see Example 3). 
14 

1 

011010 
111111 
011001 

1 is disregarded 

contents of U 
add a negative zero 
contents of U decreases by one 

Example 3 

Using this logic, when m(B
7

) is 5 or 7" the N~~ cores (negative zero) are 

added to U. 
1,1 

(e) COMPLEMENT U. co The; lower fifteen bits of the U-register 

are complemented by toggling each bit of the U~registero This is done through 

the U~register adder by setting the N01 cores as in (d) above, and clearing the 
40 

Enable Carry cores (N ). The result is a bitcobycobit addition without carry 
32 

generation, (see Example 4). 

4-70 



NAVY MODEL CXPK 
THEORY OF OPERATION' 

Paragraph 
4-2c 

011010 
111111 
100101 

contents of U 
add negative zero without carries 

Example 4 

A special feature of this complementation is that true complement of positive 

zero (allttO's··) is a negative zero (allttl'stt) and vice versa. 

(f) COMPARE U. - On certain instructions the contents of U are 

compared with the contents of a B-box. In order to do this, the contents of U 

are complemented and then the contents of B are added to the complement of U. 

However, the answer will not be correct unless U is increased by one as required 

by atwo's complement system. Therefore, when B is compared to U, an Add One 

to U signal (J13) is generated to produce the two's complement of the original 
00 

contents of U. 

(g) ADVANCE STORAGE ADDRESS. - During the Load Mode sequence, 

the U-register acts as the Storage Address Counter. The first address is in-

serted in k (U ••• U ). Then, when a word is assembled in Q, k is sent to the 
00 11 

S-register. The S-register selects the address, the word is stored, and an Add 
." 

I 

One to U signal, J13, is sent to U, increasing the value of k by one. This 
00 

puts the next succeeding address to be used in the k portion of the U-register. 

(5) P-REGISTER. - The Program Address Counter, P, is an additive 12-

stage binary counter whose principal function is to indicate the address of the 

next instruction. It is also used as a load check counter. during Load Mode. 

Information from P goes to the S-register and, in the case of return jumps, 

may be transferred to the Z-register for storage in memory. The logic diagram 

of the P-register is shown on Drawing 87075, Volume 8, page 22. 

(a) BASIC PROPERTIES OF P. - The basic storage elements of each 

bit are two magnetiC switch cores. 
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TRANSMISSIONS TO AND FROM P. - Before transmissions to 

P, the register is cleared by the N control cores. 
48 

CORE pl.O 0 - This core transmits information to Z20 under control of the 

N cores 0 

74 

CORE p30 0 - This core receives information from U20 under contr.ol of the 

N cores, and transmits its contents to SOO under the control 
49 

of N cores. 
29 

20 ADVANCE P BY ONE. - The P-register is increased by one 

at the end of each instruction. This. is accomplished by including a binary 

adder in the P-register. 

(b) OPERATION MODE. - Whenever the computer is master cleared, 

the P-register is set to zero. If an address other than zero is wanted, the 

computer must be programmed with a jump instruction or the P-register must be 

manually set. 

At the conclusion of each instruction, the contents of P are ad~anced by one 

unless the preceding instruction called for a repeat, skip, or jump. If this was 

the case, P does not read the next instruction, but reads the instrllction.as 

stated in the Program Control Sequence chapter of' this section. 

" (c) LOAD MODE. - During the selected Load Mode operation, the 

Program Address Counter is: not used as an address counter. Addresses are in-

serted 'directly into the Storage Address Regi'ster from the 12 lower-order bits 

of the U-register. 

The P-register is used as the Load Check Counter during Load Mode opera-

tions. Each time the programmer uses a Check Address and the address checks, 

P (as the Load Check Counter) is advanced by 1. 

(6) PROGRAM CONTROL SEQUENCES. - After each instruction is executed, 

the P-register is advanced to the next sequential instruction unless the prepeding 
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instruction called for a repeat, skip, normal jump, or return jump. 

(a) REPEAT. - The Repeat sequence prevents the P-reg~ster from 

advancing until the instruc*ion contained in U has been executed the number of 

times designated by B • 
7 

(b) SKIP. - The Skip sequence advances the contents of the P-

register two places, thus skipping the next sequential instruction. 

(c) NORMAL JUMP. - The Normal Jump replaces the contents of P 

with k, thus taking the next instruction from address k. 

(d) RETURN JUMP. - The Return Jump places the contents of the 

P-register in memory at address k, and then changes P to + 1, thus reading the 

next instruction from address k + 1. 

(7) TRANSLATORS~ - The contents of i:;he C, b, and m portipns of the 

U-register are translated to determine whichr controls are to be used. The main 

translator (D and E cores) is used to translate the c portion. The b transla~ 

tor (T cores) indicates the value of b, and m is translated by the m translator 

(T cores). 

(a.) MAIN CONTROL TRANSLATOR. - The main control translator uses 

combinations of AND, OR, and NOT to set the various instruction control cores, 

E, corresponding-to the instruction code found in U ••• U Figure 4-2~ gives 
~8 23 

an example of a similar translation using three bits of U. A t~.' in U and a 
20 

ttl"in U will set D 
~8 03 

Therefore, D is set on instruction 05 or 07. A nO" 
. 03 

in U or U will set D during instructions XO, Xl, X2, x4, X5, or x6. ~:~ 
~8 ~9 02 

Core D is set only during instruction x6. The AND between D and D en~ 
o~ 02 03 

ables E during instructions! X5, x6 and X7. The complete main control trans­
~o 

lator, operating with six bits of U, uses similar logic when enabling the E 

*The X designations indicate that the first digit translations are not shown 
on this example. 
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cores on specified instructions. 

(b) b TRANSLATOR. - The b translator, shown in Drawing 87077, 

Volume 8, page 27, designates which B-box is to be used and sets the appropriate 

controls. 
. 

(c) m TRANSLATOR. - The m translator, shown in Drawing 87077, 

Volume 8, page 27, interprets the value of m. The m translator (T cores) is 

used during read, write, jump, input, and output instructions. 

d. PROGRAM CONTROL CIRCUITS 

(1) FIRST-LEVEL CONTROLS CORES. - The first-level control cores, or N 

cores, control the transmission of information in the registers, adders, shift 

steps, etc. This control is shown in Example 1. 

The N30 N~o control cores enable X to circulate. When N30 is set, the 
~~' ~o ~4 

contents of U30 are transmitted to x~o. Similarly, NOO enables the information 
00 00 ~6 

in Zoo to be transferred to X~O. 
00 00 

The contents of X~O can be transmitted to U20 when N~o is set. Thus, the 
00 00 34 

first-level control cores control all transmissions of information within and 

between the registers. 

(2) SECOND-LEVEL CONTROL CORES. - The second-level control, or V 

cores, control the logic sequence and timing in an instruction. By following 

Sequence and Timing Chart 87675, Volume 9, page 2, the function of the V cores, 

as well as the E, N, and W cores in an actual instruction operation can be 

shown. Before time one, Add B to U or ABU is set, and the pulse begins circu~ 

ating between Woo and W20 • The translation of instruction 01 enables'the E20 

02 02 O~ 

and E~o translator cores to be set every fourth microsecond. At relative time' 
02 

one, the instruction step bit, or G20 , is set and the pulses from W20 G20 

5~ 02' 5~ 

and E20 meet the AND and set VOO , which in turn sends a pulse to V~O. The 
O~ ~6 ~6 

v~o core sets the Read Next Instruction circulation bit, negates the Repeat 
~6 
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Sequence Control, and meets the AND condition with ElO , setting V30 at relative 
02 l6 

time six. Cores VlO , VlO , and the U to B Circulation bit are set at time eight 
l4 l5 

by V30 • Deuending on the B-Box designated, VlO or VlO w~ll AND with the T core 
16 - l4 lS 

that designates the B-box to be entered and negate the N core which controls the 

circulation in the selected B-box, thus blocking the transmission from B30 to 

BlO at time ten. Meanwhile, VlO also sends a pulse that satisfies the AND con-
lS 

dition with wlO , -clearing the U to B circulation bit and enabling the transmis-
07 

sian of VOO to BlO at time t-en. Although the first-level control cores enable 

all the actual transmissions throughout the machine, the second-level control 
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cores are equally important because they place the transmissions of information 

in the right sequence at the proper time. 

(3) ADDRESS MODIFICATION. - The address modification chain, shown in 

Drawing 87209, Volume 8, page 4, starts when a new instruction is sent to the U-

register. Upon receiving· the new instruction, the U-register sends information 

to the main control translator, the b translator, and the m ~odifier translator. 

These determine the proper control cores to be used., Af'ter the controls are 

selected, the designated B-box is added to U except in instructions 01, 03, 05, 

and 06. lIhen these steps are completed, the instruetion is ready to go through 

its unique sequence. 

After the Z to U transmission (HIO
), the upper six bits (U ;0 •• U ) send in-

33 18 23 

formation to the main control tr~~slator (D cores) which in turn sets the in-

struction control cores (E cores) as explained under l'iain Control 'I:ranslator. 

Tne next three higher-ordE::~ bits (U •• ;U ) go to the b translator (T cores) 
15 17 

where they select the B-box to be used in modifying the instruction or, as in 

the case of' instructions 01, 03, 04, and 06, they select the B-box upon which 

an operation is to be performed. 

Finally, the next three higher-order bits go to the m modifier translator 

(T cores) where the value of m is determined, ~Thile t:1ese translations are 

being completed, the Add B to U circulation bit (TtJOO •. \.;20) is set. The next 
02 02 

instruction step sets the B to P.dder Control (n ) enabling the contents of 
-'36 ' 

the B-box specified in the instruction to go to the B-box adder. Then the 

Digit Carry Control (N ) and Enable Carry Control (N ) are set, which completes 
32 32 

the addition of the specified B-box to the lo,,;er 15 bits of U (U ••• U ) • 
00 24 

This sometimes changes the value of ID, which then requires another translation. 

After B has been added to U, the specified instruction follows its unique 

path, as designated'by the E cores. Instructions 01, 03, 05, and 06 do not 
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contain the ADD B to U sequence, but instead follow a special path designated 

by E cores immediately after clearing the Add B to U circulation bito 

Each instruction locates its unique path by sensing the c.ondi tions of the 

E cores associated with the address modification chain. The chain is composed 

of the following coreS8 V30 Voo V10 V10 V30 V10 V30 and V10
0 

07' 07' 07' 08' 08' 67' 67' 68 

For example, during instrJ.ction 13, cores EOO and E10 are set. As the 
40 32 

instruction follows through its modification chain, core Voo ANns with EOO 
07 40 

setting V10, which initiates the Write sequenceo 
40 

Further along the modification 

chain, core V10 ANna with E10 setting V20 , which initiates the A to X sequence. 
07 32 39 

The address modification continues to completion (V1 0),but no additional se-
68 

q~ences are initiated since all other E cores associated with the address 

modification chain are cleared. 

(4) S~REGISTER. ~ The S-reg1ster, shown in Drawing 87073, Volume 8, 

page 20, is the 12-bit Storage Address Register. Whenever information is trans-

ferred to or from memory, it is transferred to or from the address as designated 

by S (see Figure 4~29). 

(a) BASIC PROPERTIES OF S. - The basic storage elements of each 

bit are two magnetic switch cores. 

(b) TRANSMISSIONS TO AND FROM S. ~ Before transmissions to S, 

the register is cleared by the N cores. 
27 

CORE SOO. - This core receives information from U30 under the control of 

N cores (U to S) and from pSo under the"control of N cores 
28 29 

(p to S)o It transmits information to the address transl~tor in 

memory. 

CORE 820. ~ This core receives information from the manual pushbutton on 

the indicator display panel. 

(5) READ OPERAND SEQUENCE. ~ The Read Operand sequence, as shown in 
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y y 

(3) 

NORMAL 
CIR. OF S 

p~s 

FIRST STAGE OF'S - REGISTER 

Figure 4-29. First Stage of S-register 

Figurp. 
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Drawing 87209, Volume 8, page 8, and Drawing 87734, Volume 9, page 113, reads an 

operand from memory and uses it during the instruction sequence. When memory 

signals it is ready to resume its read/write sequence, the contents of U contain-

ing the operand address are sent to the storage Address Register, and the memory 

cycle is initiated. Memory then sends the operand, found at the specified 

address, to the Z-register. The Z~register in turn sends the information back 

to the same address in memory two microseconds later. Z then transmits its 

contents to X in a manner determined by the value of mo An analysis of the 

sequence is given belowo . 

When the Read Operand circulation bit (W20_ WOO) and the Storage Resume cir-
03 03 

culati.on bit (W20_ WOO) are both set, indicating the memory sequence can be 
90 90 

initiated, the next conrrnand step pulse will clear both circulation bits and 

will initiate the Read Operand sequence. 

The sequence first clears the Normal Circulation Of S control (N~O) and 
27 

sets the U to S control (N20
) enabling the twelve lowest-order bits of U to be 

28 

transferred to S. When the address has been transmitted to S, the Storage 

Address Register sends information to the address translator in memory. Mean-

while, the Read Operand se,quence negates the Normal Circulation Of Z control 

(NOO) ·clearingZ, sets the Z to X circulation bit (w~o"" WSO), initiates the 
70" ...... . ~o ~o 

memory sequence, and ANDs with the Read Probe to set the Memory to Z controls 

(N20 N2~ N22 N23 ). The memory sequence enables the address translator to 
75' 75' 75' 75 

select the correct X and Y lines as specified by S, energize these lines, read 

the operand at the specified address in memory, and send the operand to Z. Z 

in turn reads the operand back to memory during the following clock cycle. The 

next command step enables the Z to X transfer by clearing the Z to X circula­

tion bit (W30 ), clearing Normal Circulation of X control (N20 ) and, depending 
~o ~~ 

on the value of m, setting the correct Z to X controls. The operand or a 

4-80 



NAVY MODE L CXPK 
THEORY OF OPERA TrON 

Paragraph 
4~2d 

portion of it is then placed in X and the Read Operand sequence is thereby 

completed. 

The transmission of Z to X is controlled by the following m factors. 

If m = 0, use the entire 24-bit word. 

If m = 1, use a 24-bit word whose lowest-order eight bits correspond 
to the right eight bits of the word in storage and whose 
higher-order bits are the same as the eighth bit. 

If m = 2, use a 24-bit word whose lowest-order eight bits correspond 
to the center eight bits of the word in storage and whose 
higher-order bits are the same as the sixteenth bit. 

If m = 3, use a 24-bit word whose lowest-order eight bits correspond 
to the left eight bits of the word in storage and whose 
higher-order bits are the same as the twenty-fourth bit. 

If m = 4, use a 24-bit word whose lowest-order 15 bits correspond to 
the right 15 bits of the word in storage, and whose highest~ 
order nine bits are zero. 

If m = 5, use a 24-bit word whose lowest-order eight bits correspond 
to the right eight bits of the word in storage and whose 
higher-order bits are zero. 

If m = 6, use a 24-bit word whose lowest-order eight bits correspond to 
the center eight bits of the word in storage and whose higher­
order bits are zero. 

If m = 7, use a 24-bit word whose lowest-order eight bits correspond 
to the left eight bits of the word in storage and whose 
higher-order bits are zero. 

(6) WRITE SEQUENCE. - The Write sequence, as shown on Drawing 87209, 
\ 

Volume 8, page 10, and Drawing 87734, Volume 9, page 113, writes a new word or 

changes some portion of a word in memory. When memory signals it is ready to 

resume its read/write sequence, the portion Of U containing the address of the 

word to be changed is sent to the Storage Address Register, and the memory cycle 

is then initiated. Memory sends the unchanged portion of the word to Z, and X 

completes the rest of Z with the changes to be made. Then Z sends the changed 

word to memory. 

When the Write circulation bit (WOO_ W20 ) is set and the Storage Resume 
13 13 
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circulation bit (Woo ... W2C
'\ is set, indicating the memory, sequence can be ini ti-

90 8C 

ated the next command step pulse will clear both cirulation bitso This sequence 

~irst clears the Normal Circulation o~ S control (N~O) and sets the U to S 
27 

control (N20
) enabling the twelve lowest~order bits o~ U to be 'transferred to S. 

28 

When the address is contained in S, the Storage Address Register send in~or-

mation to the address translator in memory 0 Meanwhile, the Write sequence ini'" 

tiates the memory cycle, negates the normal Circulation o~ Z control (NOO) and 
70 

transfers X to Z in a manner determined by the value of roo The memory sequence 

enables the address translator to select the speci~ied X and Y lines, energizes 

these lines, reads the word in storage, and sends the portion of the word that 

is not to be changed, designated by m, to the Z-register. Z in turn sends the 

changed back to the same address in memory during the following clock cycle. 

The change in the word in memory depends on the following m factors. 

I~ m = 0, write a 24-bit word corresponding to the 24-bit word in the 
register 0 

I~ m = 1 or 5, write a 24~bit word with the right eight bits correspon­
ding to the right eight bits o~ the register and the other 
bits remaining the same as in the original word in memory. 

If m = 2 or 6, write a 2~." bi t word with the middle eight bits corre­
sponding to the right eight bits of the register and: the 
other bits remaining the same as in the original word in 
memoryCi 

I~ m = 3 or 7, write a 24 q bit word with the le~t eight bits correspon­
ding to the right eight bits of the register and the other 
bits remaining the same as in the original word in memory. 

If m = 4, write a 24~bit word with the right 15-bits corresponding 
to the right 15 bits of the register and the other bits 
remaining the same as in the original word in memoryCi 

(7) READ NEXT INSTRUCTION SEQUENCE. ~ The Read Next Instruction 

sequence, as shown in Drawing 87209, Volume 8, page 12, and Drawing 87734, 

Volume 9, page 113, reads a new instruction from memory when the preceding 

instruction has been completed. When memory signals it is ready to resume its 

4-82 



NAVY 'MODEL CXPK , 
THEORY OF OPERATION 

Paragr~ph 

4-2d 

read/write sequence, the contents of the P-register are sent to the Storage 

Address Register, P is advanced by one, the memory cycle is initiated, the 

contents of memory at the specified address are sent to Z, and then Z is trans-

ferred to U. 

When the Read Next Instruction circulation bit (W20_ WOO) is set and the 
, 00 00 

Storage Resume bit (W20_ WOO) is set, the next command step pulse clears both 
90 90 

circulation bits and initiates the Read Next Instruction sequence. This se-

quence first clears the Normal Circulation of S control (N~O) and sets the P 
27 

to S control (N~~), transferring the contents of P to S. When (p) have been 

transferred to S, the P-register is advanced by one (V20
). 

~2 

Next the memory cycle is initiated, the Normal Circulation of Z control 

(NOO ) is negated, and the Z to U circulation bit (W~O_ W30 ) is set. The 
70 O~ O~ 

memory sequence enables the address translator to select the correct X and Y 

lines, energize them, read the instruction in memory, and send the instruction 

to Z. The instruction is transmitted back to memory during the following clock 

cycle. If K is not zero and the shift control is set, the Z to U circulation 

bit waits until one of the conditions is removed and then continues the se-

quence. The Z to U circulation bit (WSO) is cleared, the Normal Circulation 
o~ 

of U controls (N20
, N20

) are negated, and the Z to U control core (N~O) is 
30 3~ 33 

set, which transfers the contents of Z to U. 

(8) REPEAT SEQUENCE. - The Repeat sequence, shown in Drawing 87209, 

Volume 8, page 5, is sensed at the end of each instruction just before the 

Read Next Instruction sequence. If the Repeat Sequence Control is set (B~O) 

it causes the instruction to be executed again. Each time the instruction 

is executed, B is decreased by one, and when (B ) equals zero, the Repeat 
7 7 

Sequence Control is cleared and the next instruction is read. It may be noted 

that when an instruction is to be repeated, B contains the number of times 
7 
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When the Repeat Sequence Control circulation bit (WOO_ W20 ) is set, any 
~2 ~2 

instruction, after performing its unique operations, sends a pulse to V30 and 
33 

V30
0 These cores sense the value of B. If B is not zero, V30 initiates 

~9 7 7 33 

another execution of the instruction and also increases by one, decreases by 

one, or does not change U oooU ,depending on the value of the m portion of 
00 ~4 

B (B27 .00B27 )o Also, if B is not zero V30 acts through Voo to initiate the 
7 ~2 ~4 7 ' ~9 23 

Back B control (J~9) which subtracts one from B ; but if B is zero, then 
7 . 00 7 7 

V30 clears the Repeat Sequence Control circulation bit (W20 ) and sets the Read 
19 ~2 

Next Instruction circulation bit (W20• WOO). 
00 00 

(9) SKIP SEQUENCE. - The Skip sequence advances the program address 

by two, thus skipping the next sequential instruction follOwing the Skip in­

struction. A skip is accomplished by sending two Advance P signals (V20 ) 
~2 

before initiating a Read Next Instruction sequence. 

(10) NORMAL JUMP SEQUENCE. - The Normal Jump sequence, shown in 

Drawing 87209, Volume 8, page 9, changes the address in the P-register to k, 

thus making the next instruction selected the instruction found at the address 

given in U ••• U 
00 ~~ 

If the proper condi ti.ons for the normal jump exist, the U to P circula-

tion bit (W~O- W30 ) is set. The next command step ANns with W~O and sets V20 

20 20 20 51 

which clears the U to P circulation bit (WSO). Then V20 sets the V30 core 
20 5~ 51 

which blocks the circulation of P by negating NOO (Normal Circulation of p), 
48 

and also sets the NOO core (U to p) which transmits the contents of U .o.U 
49 00 11 

to the P-register. 

(11) RETURN JUMP SEQUENCE. - The Return Jump sequence, shown in 

Drawing 87209, Volume 8, pages 9 and 10 stores the contents of P at address k 

and reads the next instruction from address k + 1. 

4-84 



NAVY' MODE L CXPK 
THEORY OF' OPERATION 

Paragraph 
4-2d 

If the proper conditions for a return jump are present, the Write circula-

tion bit (WOO_ W20 ) is set. When the Storage Resume circulation bit (WOO_ W20 ) 
~3 ~3 90 90 

is set, the next command step sets V30 which clears both circulation bits 
43 

and sets the U to S control cores, thereby transmitting the contents of 

U ••• U to S. At the same time, V20 clears Normal Circulation of S control 
00 ~~ 43 

core N~o and sets V~o, thus initiating the Read sequence. Two clock cycles 
27 43 

later, the P to Z control cores N~o N~~ are set through VSo• Core V30 also 
74' 74 50 50 

sets the U to P circulation bit (W~O_ WSO). The next command step pulse clears 
20 20 

U to P (WSO), clears P (NOO), and sets the U to P control (NOO). Then before 
20 48 49 

the next instruction is read, P is advanced by one (V20 ). 
~2 

The Trace Jump Control initiates a special return jump called Return Jump 

to Zero. It is similar to the return jump, except that it stores the contents 

of P at address 0000 and reads the next instruction from address 0001. This 

is accomplished by setting the Trace Jump circulation bit (w~o- W30
) which 

2~ 2~ 

blocks the transmission of U to S and U to P. 

(12) SELECTIVE STOP SEQUENCE. - The Selective Stop instruction 

(instruction 76) stops the computer at the completion of the instruction if 

certain conditions exist (Drawing 87731, Volume 9, pages 107 and 108, and 

Drawing 87206, Volume 8, page 32). These conditions are: m = a or 4 (~O). 
~o ' 

m = 1 or 5 (~O) and Selective Stop 1 switch; m = 2 or 6 (T30
) and Selective 

~~ 12 

Stop 2 switch; or m = 3 or 7 (rsO) and Selective Stop 3 switch. 
13 

The re-sync delay pulse (G36
) will AND with the Selective Stop switches 

04 , 

1, 2, or 3 when they are in lock or momentary position. This sets the Re-sync 

Selective stop 1, 2, or 3 circulations bits (G30_ G~O), (G30_ G~O), (G30_ G~O) 
7~ 7~ 72 72 73 73 

which in turn will AND with the next re-sync delay pulse (G36
) to set the 

04 

Selective stop 1, 2, or 3 circulation bits W10_ WSO, W10_ W30 , or W10_ W30 • 
71 71 72 72 73 73 

The Selective Stop circulation bits are cleared by the following (RDC)-l pulse. 
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However, when a Selective Stop circulation bit is set, the corresponding 

m condition is set, and the Stop instruction senses the stop conditions 

(V3 0)o then an Indicate Stop circulation bit (W30_ WJ.O) (W30_ WJ.O) (WSO_ WJ.O) 
79 ' 8080' 8J. 8J.' 82 82 

or (WSo- WJ.O) is seto Indicate Stop 0 circulation bit (W30~ W10 ) is set if m = 
83 83 80 80 

o or 4, regardless of the state of the selective stop switcheso 

Any of the Indicate Stop circulation bits initiates a Stop pulse (a3 0)0 
70 

this pulse is initiated every four microseconds until the Indicate Stop cir-

culation bits are cleared 0 Tne Stop pulse (G30
) negates G20

, thus delaying the 
7'0 52 

Read Next Instruction sequenceo When the Read Next Instruction circulation bit 

(WOo- W20 ) is set~ VJ.o is seto This core ANDS with the Stop pulse (a10 ) to clear 
00 00 82 70 

the High-Speed Register (Goo= G20 ), the Instruction-Step Register (oP?, .. G~O), 
06 06 05 05 

and the Command-Step Register (0°°_ G20). (See Volume 8, page 32)0 
04 04-

(13) MASTER CLEAR SEQUENCEo - The Master Clear control, initiated by 

the Master Clear switch shown in Drawing 87209, Volume 8, page 15, clears all 

the registers and circulation bits shown on the Indicator Display panel, except 

for the Read Next Instruction (RNI) circulation bit (woo- W20 ), which is set 
00 00 

by the Master Clearo The Output Resume circulation bit (WJ.o_ W30 ) and the 
66 66 

External Function Resume circulation bit (W~O~ WSO) are also set by the Master 
67 67 

pulse, so that the first of either the Output or External Function instruc~ 

tions ~ollowing a Master Clear does not have to wait for the Resume to be 

initiated. 

The Load Mode switch, when in the PT Load position, also issues a Clear 

pulse which differs from the Master Clear only in that it does not clear the 

Clear Q Load Mode circulation bit (WOO- W20 ) or the Load Mode Selected circula-
98 98 

tion bit (WJ.o_ WSO) but does clear the Read Next Instruction circulation bit 
99 99' 

(WOO ... W20 ) 0 

00 00 
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-(-14) SENSE A CONTROL. - The Sense A control, shown in Drawing 87209, 

Volume 8, page 7, checks the A-register to determine if it is positive, negative 

zero, or not zero. This sequence is used to determine conditions for the A~skip 

instructions. However, A is also sensed during Multiply Step and during Check 

Address in the PT Load sequence. 

(a) A IS ZERO. - When A is zero, ySo is set which enables VOO• 
70 99 

Cores VOO 
99 

and EOO (Instruction 64 or Load Mode) set Advance P (V20
) and clear 

the Repeat 

56 ~2' 

Sequence control (WPO~· W20). 
~2 ~2 

(b) A IS NOT ZERO. - When A is not zero, V30 is set. This 
6S'-

enables Woo (Load Mode) to set Load Check Fault (W~O_ WSO), and it enables EOO 

99 42 42 57 

(Instruction 65) to set Advance P and clear the Repeat Sequence control. 

(c) POSITIVE A. - Positive A exists when A39 is set. Core 
23 

A39 ANns with V30 (step) to set Vpo which ANns with EOO (Instruction 61) 
23 96 97 26 J-

set Q to 1 (N20 ) and initiates the Read Next Instruction 
~8 

sequence. Core 

also ANns with EOO (Instruction 66) to set Advance P and clear the Repeat 
54 

Sequence control. 

to 

VDO 

97 

(d) NEGATIVE A. - Negative- A exists when A30 is set. The nega~ 
23 

tive A enables EOO (Instruction 67) to set Advance P and to clear the Repeat 
55 

Sequence control. Negative A also enables EOO (Instruction 61) to set Toggle 
26 

A (wD°- W20 ). 
~7 ~7 

(15) CLEAR A CONTROL. - The Clear A sequence, consists of clearing 

each bit of A. All registers are cleared before information is transmitted 

to them, but on certain instructions it is necessary to have A clear without 

immediately sending information to A. This is accomplished by using the Clear 

A circulation bit (WOO_ W20 ) which can be set only when E30 (Instruction 11, 12, 
~4 ~4 3~ 

35, 37, 45, 47, 50, 54) is enabled. When Clear A is set, the next command step 

negates clear A (W20 ) and the Normal Circulaton of A control (N20 ), thus 
~4 00 

clearing all bits of A. 
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FAULT DETECTIONo - The main machine checks a number of operations for 

faults 0 When it senses a fault, it s~ops the machine. Among the faults 

checked are illegal instruction, illegal input or output, wrong address during 

Load MOde, and illegal external function code. 

(1) MAIN CONTROL TRANSLATOR FAULT. - The Control Translator Fault, 

shown in Drawing 87206, Volume 8, page 33, indicates that an illegal instruc-

tion is contained in the U-register. E20 (Instruction 00, 10, 20, 30, 40, 63, 
09 . 

77) indicates that the c portion of-· the U~register contains an illegal code 0 

When this instruction leaves the Add B to U circulation bit (WOO_ W20 ) it ANns 
02 02 . 

with E20 and sets the Main Control Translator Fault circulation bit (W10_ WSO). 
09 41 41 

This in turn allows the Main Fault circulation bit (W10_ WSO) to stop the 
40 40 

computer. 

(2) INPUT FAULT. "" The Input Fault, shown in Drawing 87209, Volume 

8, page 33, indicates that new information was sent to the I-register before 

the information already in the I-register could be sent to X. If two External 

Select functions are programmed without an intervening Input instruction, an 

input fault will occur. (See Drawing 87726, Volume 9, page 95). When the 

Input Loaded light is down, an Input Resume n.egates the Normal Circulation 

Of I control (N10), enables the External to I control (N20
), and sets the 

59 69 

Input Resume circulation bit (W10_ WSO) which in tUrn lights the t(l"indicator 
65 65 

of the Input Loaded light (ILD). When the Input Loaded light is lit, indicat-

ing the I-register contains information not yet received by the X-register, the 

machine is in the Input Lockout condition. The Input Loaded (ILD) ttl" indica-

tor remains lit until a command step is initiated which negates the Normal 

Circulation of X control (NOO) and sets I to X control (N20). When the contents 
10 15 

of I have been sent to X, the Input Resume circulation bit (W10_ WSO ) is cleared 
65 65 

and the Input Loaded light is returned to the t,(l~ condition. If an Input Resume 
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is received while the (ILD) "Itt indicator is lit, the Input Resume will AND 

with veo to set the Input Fault circulation bit (W10_ WSO). 
90 42 42 

The Input Fault in turn sets the Main Fault circulation bit (W10_ WSO) 
40 40 

which stops the machine. 

(3) OUTPUT FAULT. - The Output Fault, shown in Drawing 87209, 

Volume 8, page 33, indicates that the external equipment sent back an Output 

Resume without first receiving an Output Enable. (See Drawing 87727, Volume 

9, page 100.) If an Output Resume comes into the machine when the Output 

Loaded light (OLD) shows a "0·', indicating that no Output Enable was sent 

to external equipment, the Output Resume will AND with V20 (Not Output Enable) 
32 

to set the Output Fault circulation bit (W10• WSO). The Output Fault allows the 
44 44 

Main Fault circ'ulation bit (W10_ W30 ) to stop the main computer. 
40 40 

(4) LOAD CHECK FAULT. - The Load Check Fault, shown in Drawing 

87733, Volume 9, page 111, and 87206, Volume 8, page 33, indicates that the 

information is being stored at the wrong address during the Load MOde sequence. 

When Load MOde calls for a check address, the address contained in the U~regis-

ter must agree with the address indicated by the tape. In order to do this, 

the address indicated by the tape is complemented and put in the A-register. 

Then the contents of U are added to A and, if the sum is zero, the two 

addresses are identical. Therefore, when A is not zero, the addresses do not 

check and a Load Check Fault is indicated. When the address contained in U has 

been added to the complement of the address indicated by the tape, the Sense A 

circulation bit (WOO_ W20 ) is set. The next step sets VSo which checks the A-
32 32 96 

register. If the A-register is not zero (v30
), the Load Check Fault circuIa'" 

69 

tion bit (W10• WSO) is set, which in turn allows the Main Fault (W10~ WSO) to 
43 43 40 40 

stop the computer. 

4 .... 89 



Paragr-aph 
4-2e 

NAVY MODE L CXPK 
THEORY OF OPERATION 

EXTERNAL FAULT. - The External Fault, shown in Drawing 87206, 

Volume 8, page 34, indicates that a low-temperature fault has occurred in the 

main cabinet or that an illegal external function code is present in the F-

register during the External Function instruction. Since the typewriter pedes-

tal is always included in the system package as an Input/Output device, it 

contains the circuitry for recognizing these illegal codes. This is accom-

plished by sensing the presence of more than one 1 in the three highest-

order bits of the F-register. 

If an External Function instruction is programmed .and the highe~t"order 

octal digit position of F contains 3, 5, 6, or 7, a signal appears on the 

External Fault line (ySO). Similarly, any of the eight low-temperature thermo-
94 

stats in the main cabinet will send a signal to ySo when the temperature exceeds 
94 

95~o Either of these signals sets the External Fault Resync circulation bit 

(G~o_ GSO ) which, in turn, sets the External Fault circulation bit (W~O_ WSO) 
45 45 45 45 

shown in Drawing 87206, Volume 8, page 33. The External Fault bit then turns 

on the Temperature Fault (TFT) light on the indicator display panel, and ener­

gizes the Main Fault circulation bit (see below), which stops the computer. 

(6) MAIN FAULT. - The Main Fault, shown in Drawing 87206, Volume 8, 

page 33, indicates that either an external fault, output fault, input fault, 

load check fault, or main control translator fault has been sensed in the 

machine. When one of these faults is sensed, a signal is sent to the Main 

Fault circulation bit (W~o_ WSO), which in turn issues a Fault pulse. The 
40 40 

Fault pulse then clears the Run bit (G20
) and stops the computer. 

00 

f. OPERATING CONTROLS. - The manual operating controls for the main 

machine are located on the switch panel of the console. 

(1) CONSOLE CONTROL PANEL. - The Bogart control panel is located on 

the console below the indicator display panel. It contains two toggle-type 
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Figure 4-30. 
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switches, ten lever-type three position switches, a low-speed oscillator 

control, a running time meter, and twelve indicator lights arranged as shown in 

Figure 4-30. 

(a) BACK B DISCONNECT. - The Back B Disconnect switch, when 
7 7 

turned on, prevents B from being decreased. It is kept in the down or OFF 
7 

position during normal operation and is turned ON for maintenance reasons only 0 

(b) ADVANCE P DISCONNECT. - The Mvance P Disconnect switch, 

when turned on, prevents P from being advanced. It is kept in the down or OFF 

position during normal operation and is turned on for maintenance reasons only. 

(c) LOW-SPEED OSCILLATOR. - When the machine is not in the high-

speed mode, the low-speed oscillator controls the frequency of command or in-

struction step pulses. The rate is increased by turning the control clockwise. 

Cd) TRACE JUMP SWITCH. - The Trace Jump control consists of a 

lever-type three-position swl tch with an indicator light above it. When the 

switch is in the up-lock position or down-momentary position, the machine is in 

trace mode indicated by the Trace Jump light, which will be on. The first jump 

instruction after the machine is placed in trace mode is a Return Jump to Zero. 

When the machine is not in trace mode, a programmed Trace Jump (instruction 

73) has no effect on the following jump. 

( e ) SELECTIVE JUMP SWITCHES. - These switches lock in the up 

position, are momentary in the down position, and are 'off in the normal posi-

tion. When a switch is on, the corresponding indicator light is lit. During 

Selective Jump (instruction 75), if m=l or 5 and Selective Jump 1 is on; m=2 or 

6 and Selective Jump 2 is on; or m=3 or 7 Selective Jump 3 is on a jump will 

be executed. 

(f) FAULT LIGHT. - When a fault is sensed by the computer, the 

computer stops and the Fault light turns on. 
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(g) SELECTIVE STOP SWITCHES. - These switches lock in the up 

position, are momentary in the down position, and are off in the normal posi-

tion. During Selective Stop (instruction 76) if m=l or 5 ~~d Selective Stop 1 

is on; m=2 or 6 and Selective Stop 2 is on; or m=3 or 7 and Selective Stop 3 is 

on, the machine stops and the corresponding light is turned on. 

(h) STOP LIGHT. - During Selective Stop (instruction 76) if m=O 

or 4, the machine stops and the Stop light is turned ono 

(i) PAPER TAPE LOAD AND MASTER CLEAR. "" This switch is locked 

in the PT LOAD or up position, momentary in the MASTER CLEAR or down position, 

and off in the normal position. 

1. PAPER TAPE LOAD ... The up or lock position is the PT 

Load mode. In this position the computer is prepared to accept coded paper~ 

tape inputs. The PT Load switch issues its own Master Clear signal. 

2. MASTER CLEAR .... The do'W!l or momentary position is the 

MASTER CLEAR position. This switch issues a signal that sets all registers and 

circulation bits to zero, except for the Read Next Instruction, Storage Resume, 

Output Loaded and External Function Loaded bits. The RNI bit remains set so 

that the computer will read the next instruction when restarted. 

(j) HIGH.,.SPEED/INSTRUCTION/COMMAND SWITCH~ "'" This switch is 

locked in both the up and down positions. 

1. INSTRUCTION STEP. ~ The up-lock position is the In~ 

str~ction Step mode of operation. During this mode, whenever the Step switch 

is actuated, the computer executes the instruction, reads the next instru(.!tlon, 

and stops until the Step switch is actuated again. If the Run switch is on, 

the computer goes through instruction steps under the control of the low-speed 

oscillator. 
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HIGH-SPEED. - The center, normal position is the HIGH-

SPEED positiono When the Run switch is actuated in this mode of operation the 

co~uter proceeds at high speed until the next programmed stop or until the 

Step switch is activatedo When the Step switch is momentarily placed in the 

down position, the computer continues in the High-Speed mode but stops after 

the execution of the instruction in control. 

~. CO~ STEP. - The down-lock position is the COMMAND 

STEP position. In this mode of operation the computer executes the next command 

when the Step switch is depressed. If the Run switch is actuated, the computer 

is pulsed through the commands by the low-speed oscillator. 

(k) RUN/STEP. - This switch is momentary in both the up and down 

positions. 

1. RUN. ~ The up-momentary position is the RUN position. 

The action of this switch is dependent upon the computer':s present mode of 

operation. 

2. STARTING OPERATION. - The machine is started by placing 

the switch in the :~ position. If the high-speed switch is in the High-Speed • 
mode of operation, actuating the Run switch causes the comput~r to proceed at 

high speed. During Instruction Step and Command Step modes of operation, the 

computer will be stepped through the instruction steps or command steps by the 

low-speed oscillator. After starting, subsequent movement of the switch to the 

RUN position has nq effect on the operation of the computer. 

1. STEP. - The down-momentary position is the STEP posi-

tionQ The action of this switch is also dependent upon the computer's present 

mode of operation. 

40 FORCE STOP. - The computer, r~gardless of the mode of 

operation, can be stopped by momentarily placing the Step switch in the down 
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position. The computer continues in operation until it has completed the next 

unit of operation and then comes to a stop~ In the case of High-Speed and 

Instruction Step modes, the computer stops after the execution of the instruc~ 

tion in control. If the Step switch is pressed again, the computer executes 

one more instruction and stops. This process is repeated each time the Step 

switch is actuated. 

In the Command Step mode of operation the computer stops after completing 

the present command that is being executed. Each time the Step switch is 

pressed, the computer executes another command step of an instruction and stops. 

(1) RUNNING TIME METER ..... This meter, calibrated in tenths of a 

second, records the machineQs operating time. It has a modulus of 104 - .1 

seconds. 

(2) INDICATOR DISPLAY PANEL. ... The indicator display panel shows the 

condition of all the registers and command bits. The conditions are shown by 

pairs of neon lights; the upper light, when on, indicates the bit contains a 

ttl tt, and the lower light indicates the bit contains "0 It. The black push­

buttons insert a "1" in the corresponding bit, while the white pushbuttons 

clear the corresponding bits or groups of bits. The display panel is mainly for 

maintenance and register information. 

(:3) INTERLOCK PRECAUTIONS. co When the computer is in the Run mode 

(Run light on), the.pushbuttons on the indicator display panel are inopera­

tive. The relay which lights the Run light also disconnects the ·~V supply 

from the indicator display panel pushbuttons. The High-Speed/Instruction/Com~ 

mand and PT LoadjMaster Clear switches on the control panel are also inopera~ 

tive when the computer is in the Run mode. 

g. OPERATING CONTROL CIRCUITS. - These circuits control operations in the 

main computer and are shown in Drawing 81206, Volume 8, pages 32-34. 
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BACK B DISCONNECT CONTROLS. - When the Back B switch is placed 
7 7 

in the up-position (Mr 6 ), it negates the V30 core preventing the logical AND 
02 31 

from setting the VOO core which issues the Back B signal. Thus, when this 
23 7 

switch is up, the contents of B are not decreased. 
7 

(2) ADVANCE P DISCONNECT CONTROLS. "" When the Advance P switch 'is 

placed in the up-position (MrS), it negates the Voo core preventing all three 
03 13 . 

logical ANDs which could set the V20 core. If the V20 core is not set, P 
12 12 

cannot be advanced, and the contents of the P-register remain unchanged. 

(3) LOW-SPEED OSCILLATOR CONTROLS. - The low~speed oscillator 

controls permit one pulse to be sent to the Run controls each time the oscil-

lator becomes positive. 

The Common Re-sync circulation bit (G10_ G30 ) is set by G20 whenever the 
95 95 95 

Re~sync Low-Speed Oscillator circulation bit (G10~ G30 ) is not set. The resync 
96 96 

delay pulse (G32
) forms an AND with the positive phase of the low-speed oscil-

04 

lator (y38) to set the Re-sync Low~Speed Oscillator circulation bit (G10_ G30). 
00 96 96 

This bit remains set until the output of the low~speed oscillator goes negative. 

The Re-sync Low=Speed Oscillator circulation bit and the Common Re-sync 

AND with the next re-sync delay pulse (GS2 ) to set GOo. The GOo core negates 
04 96 96 

the Common Re-sync circulation bit which cannot be re~set until the Re-sync 

Low-Speed Oscillator circulation bit is cleared. 

The GOo core also sets G20 which initiates the low~speed oscillator pulse. 
96 .. 96 

(4) TRACE JUMP CONTROL. - The Trace Jump control, consists of a three-

position lever switch. When the switch (Mr6) 
00 

is either in the up or down posi-

tion, it will AND with the re~sync delay pulse (G32 ) to set the Common Re-sync 
04 

circulation bit (G~o~ G3 0)o The next re~sync delay pulse then ANDs with the 
30 30 

Common Re-sync bit (GSO
) and sets the Trace Jump Re-sync circulation bit 

30 

(Gso - G10 )o This bit sets the Trace Jump indicator light (y11), sends one pulse 
31 31 77 
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to the Trace Jump circulation bit (W~O_ W30 ) thus setting it, and also sets the 
2~ 2~ 

GOo core during every clock cycle. The GOo core has an output to the Main 
32 32 

Control Translator which enables the Trace Jump instruction (73) to set the E30 
85 

core. This core enables the Trace Jump instruction to set the Trace Jump cir-

culation bit at the end of each Trace Jump instruction. 

When the Trace Jump switch is put in the normal position, both the Corrmon 

Re-sync circu .. lation. bit (G~o_ G30) and the Trace Jump Re~sync circulation bit 30 30 . 

(G~o ~ G30 ) are cleared by the re~sync delay pulse (G2~). The Trace Jump in-
3~ 3~ 04 

struction, therefore, does not set the Trace Jump circulation bit when the TI'ace 

jump switch is in the normal position. 

(5) SELECTIVE JUMP CONTROL. - The Selec,~i ve Jump controls are shown 

in Drawing 87206, Volume 8, page 32. Since all three switches have similar logic, 

it is unnecessary to trace the logic of switches two and three. When switch one 

is in the up or down position (Mr B
), it ANDs with the re-sync delay pulse (G3S ) 

B~ 04 

and sets the Re-sync Selective Jump I circulation bit (G~o"" G30). This circu-
6~ 6~ 

lation bit ANDs with the next re-sync pulse (G3S ) and sets the Selective Jump 1 
04 

circulation bit (W~O_ W30). The Selective Jump I circulation bit turns on the 
6~ 6~ 

1ight on the indicator display panel (L~B), but the light on the switch panel 
B~ 

is connected directly to the Jump I switch. When the Selective Jump switch is 

in the normal position, the Re-sync Selective Jump I and Selective Jump I c:i.rcu-
. . 

lation bits are cleared when the re-sync delay pulse negates G~:, thus interrup­

ting normal circulation. 

(6) FAULT CONTROLS. - The Main Fault circulation bit (W~O_ W30) 
40 40 

lights both the FLT light (L- B) on the indicator display panel and the Fault 
93 

light (y~O) on the switch panel. It also sends a fault pulse which negates the 
ss 

step (G20 ) pulse and run (G20 ) pulse. It also sets G30 which negates the High-
02 00 ~2 

Speed Register (Goo~ G20), the Instruction Step Register (Goo_ G20), and the 
06 06 05 05 
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(7) SELECTIVE STOP CONTROLS .. ~ The Sele:ctive Sto:p contrc;ls are sho-wn 

logic , it is u.nneces8ary to trace! the logic of S\Sl,rtj.t~hes two and three (> When 

switch one is in the up or dO'HrD. :pcf5ition (M"B)!J it ~":l11 AND with the re=sync 
7'8 

delay pulse Case:) to set the Re~=sYI1d Select.ive Stop 1 cil"~ulat.io:n bit (G~o_ GSO
). 

CJ4 7'1 71 

This bit ( GSO
) ANTIs vi th the nexft re= sync delay pJ.tl~)e (0.36

) and gets the Selec= 
71 ~ 

tive Stop 1 circulation bit (W:to .... WSo) ~'h:l.(~h in t~urD. sets the STl light (L -8) on 
7~ 71. 76 

the indicator display panelo If a Selective St~p (:1nst,z"uction 16) i,s programmed 

and m ::: 1 (TSO ) ~ th~;8e ~©ndition~ AND 'With the Sel.e:ctiv,e; Stop 1 circ;ulation bit, 
21 

setting the Indi,c;ate Stop 1 (d!'(;u1ation bit, (WJ.o_ W3lJ
) 0 This bit lights the 

. 81 81 

Stop 1 light (y~O) lot~ated on the s~'i tch panel and t:)end.~ a stop pulse (GSO ) to 
81 70 

the Run controls.. When Read Nex't Inst;ruct:i6n (Vl.O) is ~;na,bled9 it ANDB with 
82 

the stop pulse clearing the High=Speed Register!) the InsrtJfuct:i.on Step Register p 

and the Command Step Register, thus causing the computer to stopo This st?quence 

is shown in Drawing 81r~c6;J VC91ume 8" page 330 

(8) PAPER TAPE LOAD CONTROLS .. "" The Pa:per<coTape 11\\JI9J,d controll issues a 

Master Clear and enables the ma~hine to receive inputs from punched paper tape .. 

The normal position of the Ll()lsd Mode swltch completes an AND with the re~ 

sync delay pulse (a32
) to set the Common Re=sync PI' Load Clear c:i:K'cruation bit 

04 

(G~o= GSO) T.vhich i t .AND °th th ,,""'" d 1 ",'i1 (034 ) t t PI' ", nU1"'na W~. e neJl..0J re=sync e. a:y p'tu...se lOse 
97 97 04 

Load Clear circulation bit (W~O_ WSo)o 
97 97 

The PT Load. positil~m (GSO
) of the Load Mode s'W1.tch forms a, logical AND with 

98 

the re=sync delay pulse (aS4) to set the Re"'sync PI' Load circu1atl~D. bit 
04 

(G10
= G30 ) 0 This bit (~v~mplete3 an AND <w~th the next re"'sync delay pulse to 

99 9a 

set the PT Load cir~ula,tion bit (WlC
.J)C3 WSO) which enable~l the contl'ols for 

99 a9 

paper tape loading 0 The FT Load Clear (W30
) and the Re'" sync PT Load. (GSO

) 
97 98 
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AND with the re=sync delay pulse (GS2 ) to set GOo., 
04 97 

The GOO core issues a 
97 

Master Clear, sets the Clear Q Loa.d. Mode circulation bit (WOO_ W20 ), and 
98 98 

negates the PT Load Clear circulation bito 

'lhe PT Load_ (vl-30) and the Common Re- sync P'l' Load Clear (GSO ) AND with the 
98 97 

re- Sy11C delay pulse (GS4 ) to set, GOo, clearing the PT Load circulation bit, the 
04 99 

Cormnand Step Register (GOO), the Instruction Step Register (Goo~ G20 ) High~ 
~ 00 ~' 

Speed Register (Goo- G20 ) and (Goo- G2 0)o 
06 06' 07 07 

(9) S'l."'EP CONTROLo .., Bogart can be made to perform individual instruc-

tiona (instruction step) or parts of instruct.ions (command step) and then stop., 

These sequences are controlled by the Instruction/High~Speed/Command switch 

and the Run/Step switch on the control panelo The logic for the step sequences 

is performed by the G cores, shown in Draw~ng 87206, Volume 8, pages 32 and 330 

(a) COMMAND STEPo ~ The command step initiates a series of 

operations which continue until the next connnand step pOint.. At this point the 

machine stops a~d waits for the next command step pulseo The command step signal 

is initiated when the machine is in the Command mode and the Step switch is put 

in the momentary~doYm position~ 

The re-sync delay pulse (G~) clears the Step Re-sync circulation bit 

(G~o ... GSO ) an.d the Run Re=sync circulation -bit (G10.., G30 )o The re-sync delay 
02 02 00 00 

pulse (GSS ) ANTIs with the nOl1mal position (Mr2) of the Run~step switch to set 
c·,! O~ 

the Common Re-sync circulation bit (G~o~ G3 0)o The Run~Step switch, when put 
01 01 

in the momentaI'y"'do~m posi tion (~~) ~ ANDs with a re- sync delay pulse (G:) to 

set the Step Re"'sync circulation bit (G10
= G3

0)a This circulates until the 
02 02 

ne:d re-sync delay pulse (GS8 ) ANDs with both the Step Re~sync (GSO ) and the 
04 02 

Common Re-sync (GSO ) to set Goo a 
0:1 02 

The re ..... sync delay pulse (GSS ) also stops the 
04 

Step Re-sync circulation bit (G10~ GSO ) by clearing GSS 
02 02 04 

(RDC)-l as explained in 

paragraph b(3) 0 Tne GOo core clears the Common Re .... sync circulation bit (G10 .... GSO
) 

02 O~ O~ 
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and initiates the step pulse (G20 ). 
02 

The step pulse sets G30 which clears the 
os 

Indicate Stop circulation bits (W10 , W10 , W10, wlO ). 
80 81 82 83 

When the Inst~uctionjHigh-Speed/Command switch is in COMMAND position (Ml4 ), 
02 

it sets G20 which sets G3
00 This core ANDs with the step pulse to set G10• 

20 20 09 

This, in turn, initiates the address modification chain (GOO,G20
, and G30), the 

51 51 51 

command chain (Goo G10 GEO GSo G02 ) the read next instruction chain 
50' 50' 50' 50' 50' 

(G01 • G20), clears the Command Register (Goo- G20 ), and initiates the stop 
50 52 07 07 

pulse (G30). The stop pulse clears the High-Speed Register (Goo. G20), the 
12 . 06 06 

Instruction Step Register (Goo. G20 ), and the Command Step Register (Goo. G20). 
05 05 04 04 

Either the command chain, address modification chain, or the read next in-

struction chain enables a series of operations which continu~ until the sequence 

of operations calls for another command step pulse. The machine then stops and 

waits for the next Step pulse. 

(b) INSTRUCTION STEPo - The instruction step executes the opera-

tions designated by the instruction contained in U, puts the next sequential 

instruction in U, and then stops until another step pulse is initiated. The 

instruction step signal is initiated when the machine is in Instruction or 

High-Speed mode and the Step switch is put in the momentary-down position. 

The re-sync delay pulse (G21 ) clears the Step Re-sync circulation bit 
04 

and the Run Re-sync circulation bit. The re-sync delay pulse ANDs With the 

normal position (Mr2) of the Run/Step switch to set the Common Re-sync circu-
01 

lation bit. The Run/Step switch, when put in the momentary-down position (W 2
), 

02 

will AND with a re-sync delay pulse (GS8
) to set the Step Re~sync circulation 

04 

bit. This circulation until the next re-sync delay pulse (G38 ) ANns with both 
04 

the Step Re-sync (G30 ) and the Common Re-sync (GSO ) to set GOo. The re-sync 
02 01 02 

delay pulse (G21 ) also stops the Step Re-sync circulation bit by interrupting 
04 

the normal circulation path. 
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tion bit and initiates the step pU}.se (G20
) 0 

02 
The step pulse sets G30 which 

03 

elears the Indieate Stop circulation bits through GOo. 
eo 

When the InstructionjHigh-Sp(!:d/Command switch is in the Instruction 

position (IV14) OJ:' High-Speed pOfl~_tion (W4 ), it sets G30 which ANDs with the 
00 01 21 

step pulse GSo to set G10
0 Thifj in turn, initiates a stop pulse (G30 ) which 

03 08 12 

clea.rs the High-Speed Register ~Goo_ G20 ), the Instruction Step Register 
06 06 

(GOO .... G20 ) and the Command Step Register (Goo_ G20 ).. Core G10 also initiates 
05 os' 04 04 08 

the command chain, the addres~ modification chain, the Read Next Instruction 

chai.n, and sets the Command Register. The Command Register initiates the 

command chain and Read Next Instruction chain every clock cycle, thus perform-

iug command step sequences until the Add B to U circulation bit is set, which 

indic~Ges that the instruction has been completed and a new instruction is in 

the U"':register <) \f.hen the Add B to U circulation bit is set the machine stops 

because Add B to U must AND with the address modification chain before another 

sequence can be initiatedo 

(c) HIGH-SPEED. - High-Speed mode uses the same controls as 

explained in the previous section (instruction step)o 

(10) RUN CONTROL. - When Bogart is in the Run mode, the speed at which 

it steps through instruction or command sequences is controlled by the low-speed 

oscillator. The computer is in Run mode when the InstructionjHigh-Speed/Command 

switch 1s not in High-Speed and when the Run/Step switch is in the momental~ Run 

position 0 The logic in the Run sequence is performed by G cores, as shown in 

Drawing 87206, Volume 8, pages 32 and 33. 

(a) COMMAND STEP. - This control initiates a command step 

sequence each time the low-speed oscillator sends a pulse to the control sectiono 

The re~sync delay pulse (G21 ) clears the Step and Run Re-sync circulation 
04 . 

bits.. The re-sync delay pulse (G38 ) ANDs with the normal position (M-2 ) of 
04 01 
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the Run/Step s,.,i tch to set the Common Re- sync circulation bit. The Run/Step 

switch, when put in the momentary-up position (Mr2), will AND with are-sync 
00 

delay pulse (G38 ) to set the Run Re-sync circulation bit (G~o_ G30). This 
04 00 00 

circulates until the next re-sync delay pulse (G3a ) ANDs with both the Re-sync 
04 

(G30 ) and the Common Re-s)~c (G30 ) to set GOo. The re-sync delay pulse (G2~) 
00 01 00 04 

also clears the Run Re-sync circulation bit while GOo clears the Common Re-sync 
00 

circulation bit. The GOo core then initiates the run pulse (G20 ). If a stop 
00 00 

pulse is being initiated in the machine, the run pulse ANTIs with the stop pulse 

(G20 ) to clear the Indicate Stop circulation bits through GOo. When the Instruc-
70 ~5 

tion/High-Speed/Command switch is in the COMMAND position (Mr4) the run pulse 
02 

will Al{D with G20 setting the Command Step Register. Each low-speed oscillator 
20 

pulse (G20 ) Afros with the Comrrand Step Register (G20 ) to set G30 , initiating 
96 04 10 

the address modification chain, the command chain, and the Read Next Instruction 

chain. Therefore, the machine runs through one command step sequence each time' 

the low-speed oscillator pulse is initiated. 

(b) INSTRUCTION STEP. - The Instruction Run combination completes' . 

an instruction each time the low-speed oscillator initiates a pulse. 

The re- sync delay pulse (G~) clears the Step and Run Re- sync circulation 

bits. The re-sync delay pulse (G38 ) AliDs with the normal position (M-2 ) of the 
04 01 

Run/Step switch to set the Common Re-sync circulation bit. The Run/Step switch, 

when put in the momentary-up position (W 2
), will AND with a re-sync delay pulse 

00 

(Gsa) to set tb~ Run Re-sync circulation bit. This bit circulates until the next 
04 

re-sync delay pulse (G3a ) ANDs with both the Run Re-sync and the Common Re-sync 
04 

to set GOo. 
00 

The re- sync del~y pulse '( G21 ) also stops the Run Re- sync circulation 
. 04 

bit while GOo clears the Common Re-sync circulation bit. 
00 

The GOo core then ini-
00 

tiates the run pulse, G20 • 
00 

If a stop pulse is being initiated in the machine, 

the run pulse ANDs with the stop pulse (G20 ) to clear the Indicate'Stop circula-
70 
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tion bits through GOo. 
~5 

When the Instruction Hi,gh-Speed Command switch is in the INSTRUCTION 

position (Mr4) the run pulse ANns with G20 , setting the Instruction Step 
00 22 

circulation bito This bit ANns with each low-speed oscillator pulse (G20 ) to 
96 

set G30 which in turn initiates the address modification chain, the command 
~~ 

cha:i.n, the Read Next Instruction chain, and sets the Command Register circula-

tion bito The Command Register in turn initiates the command chain and the 

Reen Next Instruction chain every four microseconds. This enables one complete 

instrl.\c-cion to be performed after each low-speed oscillator pulse. 

(11) HIGH-SPEEDjRUN CONTROL. - The High-Speed control initiates the 

command chain, the address modification chain, and the Read Next Instruction 

chain every four microseconds. This is the normal mode of operation. 

The re"'sj-nc delay pulse (G2~) clears the Step and Run Re-sync circulation 
04 

bltso The re-sync delay pulse (Gsa) ANns with the normal position (W2) of the 
04 o~ 

Run/Step switeh to set the Common Re-sync circulation bit (G~o_ GSO ) 0 The Runl 
o~ o~ 

Step switch, when put in the momentary-up position (M-2), will AND with a re-
00 

sJ~c delay pulse (GS8 ) to set the Run Re-sync circulation bit. This circulates 
04 

until the next re-sync delay pulse (Gsa) ANns with both the Run Re-sync and the 
04: 

CODnllOn Re-sync to set GOo. The re-sync delay pulse (G2~) also stops the Run Re-
00 04 

sync (drculation bit. The GOo core then initiates the run pulse (G20 ). If a 
00 00 

stop pulse is being initiated in the machine, the run pulse ANns with the stop 

:pul~J~ t~',;) clear the Indicate Stop circulation bits through GOo. When the Instruc­
~5 

t:i.()n!Higb::oSueed/Command switch is in the HIGH-SPEED position (W"4), the run pulse 
4 o~ 

ANDl3 with 0.20 to set the Command Register circulation bit and the High-Speed 
2~ 

Register circulation bit. The Command Register initiates the command chain 

and the Read Next Instruction chain every fourth microsecond, while the High-

Speed Register initiates the address modification chain every fourth microsecondo 
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ao GENERAL" - The Arithmetic Section is composed of the following sub-

divisions & The X-register, Xj the Q-register, Q; the Accumulator, A~ Main Adder, 

Hp Shift Control circuitry; Arithmetic sequences; and Arithmetic Sequence 

controls" 

The X-register, Q-register, and A-register generally are referred to as 
. 

arithmetic registers because of their function during arithmetic operations. 

In addition, these registers are used to perform other functions not directly 

associated with arithmetic operations. These auxilliary uses are discussed in 

a subparagraph for each of the registers. 

The arithmetic section uses special procedures derived from fundamental 

processes of one s complement binary arithmetic to perform the arithmetic and 

logical operations involved in the execution of the computer s repertoire of in-

st~~ctions. Fundamentally, the Arithmetic Section executes five basically 

different unit operations, as fo11owss addition, in which a number in X is 

added to a number in A; shifting, in which numbers in A or Q or both are 

appropriately shifted one place to the right or one or four places to the left; 

complementing of the contents of X, which is performed in an X~buffer and re~ 

verses the state of the contents which was contained in each stage of the X-

register; bit-by-bit multiplication, in which corresponding bits of X and Q are 

multiplied together and the bit-by-bit product stored in X; and complementing 

of A, in which each bit of A is complemented. The complement of positive zero 

(all stages cleared) will produce no change in the register, since negative 

zero (all tl1Ys") is not generated in the A-register. The reason for this is 

explained in Volume 1, Appendix B, Number Systems. 

These unit operations are' employed separately to form an arithmetic or logi-

cal sequence, or they are integrated in various combinations with o~e another 
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to form more complex sequences of operation. 

b. X-REGISTER. - The X-register is so called because of its fUnction as 

the central exchange register of the computer. It is a 24-stage switch core 

register that can transmit its one s complement. Each stage consists of four 

magnetic s·witch cores and their associated circuitry_ As an exchange register, 

X hanQles nearly all internal transmissions of words between various sections 

of the computer. As an arithmetic register, X holds the addend, subtrahend, 

multiplicand, logical product and divisor during the corresponding arithmetic 

operations. A single stage of the X-register is shown on the following page in 

FiguI'e 4-31 and the entire X~register is shown in Diagram 87071, Volume 8, 

page 180 

TRANSMISSIONS TO AND FROM Xo - In all the transmissions to 

the X-regib~er, except in the case of L(Q)(X), X is cleared by normal circula~ 

tion cores N or N 0 The four switch cores of the X-register are involved in 
~1 10 

'the various transmissions as shown under each core. 

(a) CORE X10 • - This core is involved in the transmissions of 

X to U, U to X, and Z to X. 

10 U to Xo - The l5-bit address portion of the U-register 

is transmitted to x~o_ X10 under the control of N (U to X control core). 
00 14 ~4 

2. Z to X. - Operands are transmitted from Z to X in such a 

manner that operations may be performed on anyone of five portions of the 24 .. 

bit word, depending upon the m value (instruction modifier) of the instl~ction 

being executed. 

m~~ Parallel transmission of 24 bits from Z to X. 

m=l Transmission of right eight bits of information from Z oo.Z to 
00 ~5 

X' 00 .X 0 Information in Z is extended to X through X making a. 
00 07 07 08 23 

full 24-bit wordo 
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m=2 Transmission of center eight bits of information from Z ••• Z to 
08 l.5 

x ••• X 
00 07 

Information in Z is extended to X through X making a 
l.5 08 23 

fUll 24-bit word. 

m=) Transmission of left eight bits of information from Z ••• Z to X ••• X
o1 l.6 23 00 

Information in Z is extended to X through X making a full 
23 08 23 

24-bit word. 

m=4 Transmission of right 15 bits Z ••• Z to X ••• X There is no 
00 14 00 14 

extension and bits 'x ••• X remain zero. 
15 23 

m=5 Transmission of the right eight bits Z ••• Z to X ••• X There is 
00 07 00 07 

no extension and bits X ••• X remain zero. 
08 23 

m=6 Transmission of center eight bits of information from Z ••• Z to 

X ••• X 
00 07 

08 l.5 

There is no extension and bits X ••• X remain zero. 
08 23 

m=7 Transmission of left eight bits of information from Z ••• Z to X ••• X 
l.6 23 00 en 

There is no extension and bits X ••• X remain zero. 
08 23 

2. X to U. - The contents of Xl.
O 

••• X10 are transmitted to the 
00 l.4 

l5-bit address portion of the U-register under the control of N (X to U 
34 

control core). 

4. X to X39 BUFFER. - The contents of Xl. O are sent to the 

XS9 buffer during every clock cycle. 

(b) CORE X20. - This core controls the panel indicator lights 

and is used in the transmissions Q to X, L(Q)(X), X to-O, and Negation of XS9 • 

1. Q to X. - The (Q to X Control Core) N permits the 
23 

parallel transmission of a 24-bit word from Ql.O to the X20 core of the X-

register. 

2. L(Q)(X). - The normal circulation control core N 
l.0 

blocks normal circulation in X, while N ,the logical (Q)(X) control core, 
l.2 

controls the logical bit-by-bit multiplication path. A logical AND of Ql.O 
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and X~o transmits the information so that where "O'sttare stored in Q, the 

corresponding stages of X are cleared to U09t. Wheretfl t at are stored in Q, 

the corresponding stages of X are left undisturbed. The effect is that a 

·,ott·in Q, times either a "0" or a "1" in X, leaves a "09
• stored in X and that 

a "1" in Q, times either a "0" or a 'it1" stored in Xp lea.ves X undisturbed. 

20 X to O .... 1.20
4 (> .X20 transmits seven bits of information 

0.0 06 

to the Output Register contr©lled by N20 (X to 0 control cor~) during the 
60 

Output instruction 0 

4. NEGATION OF XS9 BUFFER o - This operation is controlled 

by N (negation of XS9 control core), which acts with X20 to negate XS9
, thus 

07 

forming the complement of X in the XS9 buffer. 

~o PANE L LIGHTo - X20 lights the respective indicator ~anel 

neon light for each X-register stage. 

(c) CORE XSO - This core receives information from the A-regis-

ter, I-register, or Manual Set button, and transmits that information to the Z-

register. 

1. A to Xo - Parallel transmission of 24 bits of A to X is 

received in XSo when N (A to X control core) is set. 
~3 

2. I to X. - The I~register transmits seven bits of input 

information to X under the control of N20 (I to X control core) during Input 
15 

instructions and Load Mode control. 

20 X to Z. - Information for Storage is transmitted from.X 

to Z under control of N N or N (X to Z control cores) and one of the 
71:J "12' 73 

following conditions of instruction modifier ma 

m=O Parallel transmission of 24 bits from X to Z 

m=l or 5 Transmission of right eight bits of information from X o •• X to 
00 07 

right eight bits of Z (Z ••• z ). 
00 07 
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m=2 or 6 Tran.smission of right eight bits of information from X 0 • oX to 
00 07 

(!enter eight bits of Z (Z ••• Z ) • 
08 15 

m=) to 7 Tl~ensmission of right eight bits of information from X oooX to 
00 00 

left eight bits of Z (Z oooZ ). 
16 23 

m=4 Tr~~smission of right 15 bits of information from X o.oX to 
00 14 

15 bits of Z (Z .o.Z ). 
00 14 

Manual set 0 Gore XSo in each stage can be set to 1 by manual switch 

buttons located on the indicat,or display panel. 

(d) CORE XS9 • ~ This core contains either X or its complement 

at all times. This core is re:rerred to as the XS9 buffer and transmits infor-

mation to Q or the main adder. 

1.. X Q~ - Parallel transmission of 24 bits of X to Q is 

controlled by N (X "[,0 Q c(,jltro1 core). 
26 

2. ADD X to Ao - All transmissions to A are added to the 

contents of the A-register bj~ passing through the main adder. There is no 

direct X to A transm.:.1.t\:jion :path. 

2r COMPLEMENT X. - The basic unit operation of complementing 

X is accomplished whu. N (Set XS9 to 1) is set and all bits of XS9 are seto 
08 

Then all of the X20 ~ores which contain a "r' form a logical AND with N (nega-
07 

tion of XS9
) to negc"; a the XS9 cores in those stages, thu.s reversing the state 

of each X-register J ,age regardless of what it stored pre"Tious1y. This comple-

mentation does not 9.ffect the original contents of the X-register. 

(2) Opr:ATION AS A CENTRAL EXCHANGE REGISTER .... As a central exchange:»" 

register, X is ir, )lYed in almost all internal transmissions of data. The 

following listinl" rummarizes the various transmissions in TJ?hich X is involved & 
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Two~way transmissions 

X<~Q (24 bit transmission) 

X-E->U (15 bit transmission) 

X~Z (depending upon m) 

NAVY,MODEL CXPK 
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One-way transmissions 

X~O (seven bit output) 

A~X (24 bit transmission) 

I~X (seven bit input) 

Add X to A~A (24 bit transmission) 

L(Q)(X)~X (24 bit transmission) 

(3) OPERATION AS AN ARITHMETIC .REGISTER .... As an' arithmetic register, 

X holds the addend, subtrahend, multiplicand, and divisor in the corresponding 

arithimetic operations. In logical addition and logical w~ltiplication, X holds 

the logical addend, logical multiplicand, and retains the logical product. 

CO Q-REGISTER. - The Q-Register is so~called because it holds the 

quotient during the division operation. It is a 24-bit register that has 

right and left-shift 'properties 0 Each stage consists of two magnetic switch 

cores and their associated circuitry. As an assembly register, Q is capable 

of receiving six bits at a time and shifting these to the left to assemble a 

24-bit word as is done in loading operations. During the writing operation, 
: . ~', ' ,~ 

24-bit words are disassembled 'by ~'similar operation in Q. As an arithmetic 

register, Q performs shifting operations and holds the multiplier, quotient, 

and logical multiplier during arithmetic operations. Inter-connections between 

the stages provide Q with left circular (one and four-place) shift properties, 

and right-shift (multiply step) properties. A single stage of the Q-register 

is shown in Figure 4~32, and the entire Q~register is shown in Diagram 87069, 

Volume 8, page 16. 

(1) TRANSMISSIONS TO AND FROM Q. - In the transmissions to Q, the 

Q~register is cleared by N or N (normal circulation control cores). The 
24 20 

first stage of Q can be set by N20 (Set Q to U1U). The Q~9 core senses a 
~8 00 00 

flO" in the first stage of Q and is used in Multiply Step. 
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Figure 4-32. Second Stage of Q-register 
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CORE Q100 - This core receives X to Q, Right Shift Q One 

and Left Shift Q One information. Shifting is discussed in a later paragrapho 

Information sent out from this core includes Q to X, L(Q)(X), and Shift Q Four. 

10 X to O. - Parallel transmission of 24 bits of information 

from X to Q under control of N (X to Q control core). 
26 

20 Q to Xo - Parallel transmission of 24 bits of information 

from Q to X under control of N (Q to X control core). 
23 

~. L(Q)(X). - The logical bit-by-bit multiplication path 

is controlled by N control cores. A logical AND of Q10 and X10 transmits the 
12 

information so that where ttO'sttare stored in Q, the corresponding stages of X 

are cleared. Where "I is'' are stored in Q, the corresponding stages of X are 

left undisturbed. The effect is that a "ott in Q, times eigher a "0" or a "1" 

in X, leaves a "0" stored in X, and that a ul" in Q, times either attO" or a "I" 

stored in X, leaves X undisturbed. 

(b) CORE Q30. - This core receives information from the Left 

Shift Q Four, A to Q Long Shift Four, or Manual Set button. Information is sent 

to the indicator display panel, Left-Shift Q One, and Right-Shift Q One. 

1. PANEL LIGHT. - Q30 lights the respective indicator panel 

neon light for each Q-register stage. 

2. MANUAL SET .. - Core Q30 in each stage can be set by 

manual switch button on the indicator display panel. 

(2) SHIFTING. - Information in Q can be shifted in the following 

manner & 

(a) ONE-PLACE, LEFT-CIRCULAR SHIFT OF Q. - This shift causee 

the information in Q to be shifted left by one place, and the contents ofQ 
23 

to be shifted to Q10. This shift is controlled by N • 
00 " 22 

(b) FOUR-PLACE, LEFT-CIRCULAR SHIFT OF Q. - This shift causes 
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~he infol~tlon in Q to be shifted left by four places, with the contents of 

Q~o QJ.o Q~o and Q~o shifted to QSo, QSo QSo and QSo. The operation is 
2S' 22' 2~' 20 os 02' o~' 00 

is controlled by N • 
25 

When A and Q are combined into an extended 48-bit register the follolring 

shifts a!'e possible s 

(c) ONE-PLACE, LONG LEFT-CIRCULAR SHIFT OF A AND Q. - This shift 

causes the information in A and Q to be shifted left by one place with the con­

tents of QSo shifted to AOO and contents of ASO shifted to Q~o. This shift is 
2S 00 2S 00 

controlled by N ,N and N cor'es 0 

03 02 22 

(d) FOUR-PLACE, LONG LEFT-CIRCULAR SHIFT OF A AND Q. - This shift 

causes the information in A and Q to be shifted left by four places with the con~ 

tents of Q~o Q~o Q~o and Q~o being shifted to A30 ASO ASO and ASO and 
2S' 22' 2~' 20 os' 02' O~' 00 

contents of A20 A20 A20 and A20 , being circularly shifted back to QSo QSo 
2S' 22' 2~' 20 os' 02' 

SO so Q and Q under the control of N ,N ,and N cores. 
O~' 00 2~ 05 25 

(e) ONE-PLACE, Q AND Q RIGHT SHIFT. - This shift, used in MUlti-

ply Step, causes the information in A and Qto be shifted right by one place 

wi·t;h the contents of A being shifted to Q and the contents of Q being 
00 2S 00 

shifted off the end and lost. TheN cores control this shifto 
o~ 

(3) OPERATION AS AN ASSEMBLY REGISTER. - During loading operations 

Q assembles 2~·-bi t words, si~ bits at a time. Seven bits are first stored in 

the Input Register and when enabled by N20 are transferred to xso.o.xso. 
~5 00 06 

During the assembly operation only six bits are transferred from X to Qo 

Q is then shifted left one four-place shift and two one-place shifts. This 

process is repeated four times until the complete 24-bit word is present in Q. 

During output operations, a 24-bit word is transmitted to Q from Xo Q is 

then shifted six places to the left, with the six higher-order bits of the 

word initially stored in Q.being shifted to Q. o.oQ • 
05 00 
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This information is then transferred to the first six stages of X and when 

control core N20 is enabled the information is transferred to the D-Register. 
60 

The process continues until the entire 24-bit word in Q has been transferred to 

external equipment. A new word is then inserted into Q from X, and the dis-

assembly operation described above is repeated. 

(4) OPERATION AS AN ARITHMETIC REGISTER. - During arithmetic opera-

tions, the Q-register contains the multiplier, quotient, and logical multiplier. 

de ACCUMULATOR. - The Accumulator is so'-called because the results of 

many arithmetic operations are formed by accumulation in A. It is a 24-bit sub-

tractive accumulator-register with shifting properties. Each of the 24 stages 

consists of four magnetic switch cores with interconnections to give A its right 

and left-shift properties. As an arithmetic register, A performs shifting and 

accumulating operations and holds the sum, augend, minuend, difference, partial 

product, and partial dividend (remainder) during arithmetic operationso A single 

stage of the A-register is reproduced in Figure 4-33 while the entire A-register 

is shown on Logic Diagram 87070, Volume 8, page 17. 

(1) TRANSMISSIONS TO AND FROM A. - All numbers inserted into A are 

transmitted from the X-register, through the main adder, by the basic addition 

process. In all such transmissions from,X, a 24-bit number is added to A 

(modulus 223_1) 

(a) CORE AOo • - Core AOO receives information from Q to A Long 

Left-Shift One, Right-Shift (MUltiply Step), and Left-Shift A One. Information 

is sent to the Main Adder and panel lights from A 00 • 

(b) CORE A20 • - Information is received by A~o from the Main 

Adder and manual push button. Output destinations include the X-register and 

negation for A3S (complement of A). 

(c) CORE A30
• - Core A30 receives information from Left-Shift A 
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(d) CORE A39 0 - This core provides the complement for A for use 

in the Main Addero 

(2) SHIFTING 0 - A number stored in A can be shifted in the following 

manners 

(a) ONE-PLACE, LEFT-CIRCULAR SHIFT OF Ao - This shift causes 

the information to be shifted by one place, and the contents of A30 to be 
23 

shifted to AOo o This shift is controlled by N 0 

00 02 

(b) FOUR-PLACE, LEFT-CIRCULAR SHIFT OF Ac - The information in 

A is shifted left by four places, and the contents of A20, A20, A20, and A20 
2S 22 2~ 20 

are shifted to A30, A30, A30, and A30, respectivelyo The Left~Shift Four is 
os 02 O~ 00 

controlled by core N 0 As an extended 48 bit register of A and Q, the follow-
05 

ing shifts are possibles 

(c) ONE-PLACE, LONG LEFT-CIRCULAR SHIFT OF A AND Q. - Th'is 

shift causes the information in A and Q to be shifted left by one place with 

the contents of QSo shifted to ACO and contents of ASO shifted to Q~o. This 
2S 00 23 00 

shift is controlled by N cores. 
03 

(d) FOUR ... PLACE LONG LEFT-CIRCULAR SHIFT OF A AND Q. - The 

information in A and Q is shifted left by four places with the contents of Q~O, 
23 

Q~O Q~o and Q~o being shifted to A30 A30 ASO and ASO and the contents 'of 
2F ) '2~ '20 03' 02' O~ .? 00 

A20 A20 A20, and A20, being circularly shifted back to Q30 QSo Q30 and 
2S' 22' 2~ 20 os' 02' O~' 

Q30 under control of N cores. 
00 2~ 

(e) ONE-PLACE A AND Q RIGHT-SHIFTo - This shift, used in MUlti-

ply Step, causes the information in A and Q to be ~hifted right by one place with 

the contents of A being shifted to Q and the contents of Q being shifted 
00 23 00 

off the end and lost. 
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(3) OPERATION AS AN ARITHMETIC REGISTER. - The basic unit operation 

of addition and its relationship to the Accumulator is discussed in the chap'" 

ter on Addition. For the arithmetic processes, the Accumulator contains the 

augend, sum, minuend, difference, product, remainder, logical augend, and logi-

cal sumo 

CO SHIFT CONTROL CIRCUITRY. - The computer has various shifting proper"" 

ties including left-shift A, left-shift Q, long shift A and Q, and right-shift 

A and Qo The left-shift and long shift can be shifted a maximum of 63 places per 

instruction, "hi Ie the right-shift can be shifted only one place per instruction 0 

Shifting operations controlled by the Arithmetic Section involve ·the 

following circuits, the Shift Counter (K), the second-level control for left-

shifts, firs·t"'level control for four-place left-shifts, first-level control for 

one~place lert-shifts, Back K control, and Right-Shift control. These regi~ters 

and controls are shown on the following drawlngs~ K-register, Drawing 87076, 

Volume 8, page 23; and Shift Controls, Drawing 87209, Volume 8, page 11. The 

following pa.ragraphs describe each of the shift control circuits and illus-

trate the shifts that can be accomplished. 

(1) SHIFT COUNTER. - The Shift Counter, K-register, is a six-bit 

subtractive counter and storage register. The register is divided into two 

sections, with the two lower-order bits controlling the one-place left shifts 

and the remaining four bits controlling the four-place left shifts. The A or Q-

register or both together can be shifted left to a maximum of 63 places (K­

r~~giste:r modulus 26 "'1) 0 This amounts to a total of three onee·place left shi.fts 

and 15 fou.r""'place left shifts. 

(a) TRANSMISSIONS TO AND FROM K .... The K-register is built of 

six stages each consisting of five magnetic switch cores and their associated 

circuitry. The K-register is cleared by the N lower core before new informa-
84 
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tion is transmitted. to K from the U=register or Set K to 6 control coreso 

10 CORE ~oo ~ Inforruation is received from U10 under the 

control of the N control coreo 
85 

Th:is information which corresponds to the 

required nuniber of shifts is placed in the six loner bits of U before it trans'" 

ferred to Ko Core ~o sends a pulse to Voo an.d Voo (second=level control) that 
Sf~ 57 

enables a. one or fo'U.r=:place 8hift; and blockr:; I to X, Q to X, and Z ·to U trans'" 

missions 0 

~ 0 CORE K.lO 
0 ... Thes,e cores provide informa:tion for the K"" 

register indi.catcr li.ghts and :may be set "by :ma:aual push buttons from the indi "" 

cator panelo 

2.0 CORES K19
;1 K29 3 ~8 0 , ... Thege cores are not involved in 

any trans:missio::ns in o:r out of the K"'register but a.r\~ used in the subtractive 

logic" 

(b) SET K TO 60 C) The Set K to 6 proced.ure is used in Input 

and Output instractivos and du:eing L(t·ad mode <> The K"'register is the control for 

Q'.-register p then tha K"'rE!giste!" is ~et to 6 p and the Q-l"egister is shifted to 

the left by si:11: bit :positioi1s to rJJak(~ I'oom fo!" ·the ne::x:t si:::,~"'bit transmission 

To disassemble a WO!!a. the 2~·<" bi t W0~t'\i is firt5t transnri.tted from X to the 

Q-register p then p K is set; to 6 p Q is circularly shIfted. tlO th.l~ left six bi t-

p,ositicns J and the lc'w\er 8L~ bits of Q are sent to the Oatput regi.~tero This 
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the K-register producing the value of 000110 in binary notation which is equi~ 

valent to an octal 60 

(c) OPERATION AS A COUNTING REGISTERo - The K-registe:r COlll:lts "by 

decraasing itself by one for each operation and is known as a subtractive 

counter 0 The K"'register is divided into two sections for logical purpose80 

After each one-place shlft, the number in the lO'wer two-bit section, K ,itl 
o .... ~ 

decreased by one; after each four-place shift, the number in the upper fOUl" 

bits, K ,is decreased by one. 
2",,5 

The one-place shift counter for K ,shown in Figure 4-34, uses the follow--
0 .. J. 

ing logic" Af'ter each one"'place shift, VOo (Back K control ) sends a signal 
55 0-1. 

to K19 , which subtracts one from the K-register by toggling the necessa.ry 
00 

stages of K. This is accomplished by having the KJ.s signal AND with the 
00 

signal tha.t indicates a "1" in KJ.o thereby setting core K29 which in turn 
00' 00' 

nc-:gates ~o. 
00 

If K contains a "0", ~9 (unconditionally set at each time 2) is not 
00 00 

cleared and produces a logical AND with Voo to borrow from the second stage 
55 

of the K"'regist.er 0 KJ.9 at the same time sets stage \j. Since K (under these 
00 00 

conditions) contains a "1", ':;he first step is repeatedo As long as either 

stage K or K contains a "1", the ~o core of the affected stage will AND 
00 OJ. 

with the back K pulse (N30
) to set veo, thus continuing the toggeling a'~tion. 

83 55 

When all stages are in the "0" state, N30 (Back K control) is preyented 
83 

from setting Voo and this "0" condition is also sensed by Voo, which in turn 
55 57 

prEfvE'mts another command step sequence in the shift control logic (see Di.~a;wing 

8''"(209, Volume 8, ps.ge J.1) 0 

The foU!·"·pla.ce Shift Counter section uses a similar procedure for decl'as,s'" 

ing the contents of K 0 

2",,5 
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(2) SECOND-LEVEL CONTROL FOR LEFT SHIFTS o - As soon as the transla-

tion indicating a ~hift instruction is processed, core E30 completes the M~D 
53 

eircuit and sats the Shift bit (SFT)o The next command step clears the Shift 

bit~ transmits the shift count,from U to K, and sets the Shift control bit (SHC)o 

(This sequence t"lf events can only occur if (K) = 00) The information in the 

S'hift control bit then ANDs with either of the t'wo lower- order bits of K to 

ena.ble a one-pla.(!e left shift, and also ANns ~wi th any of the four higher-ord.e:.r 

bits of K to enable a four-place left shift. 

(3) FIRST-LEVEL CO~ROL FOR ONE-PLACE SHIFTS. ~ The logical AND of 

the Shif~ Control bit, the first or second bits of KJ and a command step pulse 

set V20
, which supplies information to the first level control for one-place 

57 

left shiftso Then, according to the instI~ction selected, one of the N control 

co].·es fo!' shifting is set, and either A or Q, or both, have their circulation 

"blocked and are shifted one place to the left 0 These shifts may be either shifts 

within a register or long circular shifts involving both the A and Q registerso 

Figure 4-35 shows the firs't-level control for left (one""place) circular 

shift of Qo Core N30 is cleared and core WO is set by a logical AND of the 
24 22 

second-level control and the translation of the current instr'Uctiono This 

blocks normal circulation of Q and enables the passa.ge of information from 

Q30 (stage 2) to Q10 (stage 3) of the Q-register, thus producing a one-place 
02 03 

left"cir(!ular shift of Q. 

The one-place left-circular shift of A, or Long Shift One, is similar to 

the above shift except· that each shift has its own control coreso See Drawing 

87209, Volume 8, page 110 

(~. ) FIRST-LEVEL CONTROL FOR FOUR ... PLACE LEFT SHIFTS 0 - The logical 

~ of the Shift Cont.rel bit, any of bits 02 through 05 of K, and a command step 

pulse sets V20 which supplies information to the First-Level Control. fen'" four-
58' 



Figure 
4-35 

4-122 

STAGE 3 

NORMAL CIRCULATION 

RIGHT SHIFT 
Q (ONE) 

LEFT SHIFT 
Q (ONE) 

NORMAL 

STAGE 2 

NAVY MODE L CXPK 
THEORY OF OPERATION 

Figure 4=35. 2nd Level Controls for Shifting 



NAVY MODEL CXPK 
THEORY.O!f,OPERATION 

Paragraph 
4-3e 

:place left shifts 0 Then, according to the instl~ction selected, one of the N 

control cores for shifting is set and either A or Q, o~ both, haye their cir(~u-

lation block€!d and are shifted four places to the loft 0 The four-place shifts 

may be either circular shifts Within a register or long circular shifts invol-

ving both the A and Q-rE!gisters. 

FigIJol'e 4 ... 36 illu.stra.tes the four-place shift within the Q-register 0 Under 

the control of N~() (Left Shift Q Four) information is transferred from Q~O 
25 00 

(stage 0) to Q~O (stage 4), and from Q~o to Q30 (stage 8), thus producing a 
C4 04 08 

fom'-plaee left shift of Q 0 

The four-place le~c shift of A (Long Shift A and Q Four) is similar to the 

ar)o"vOe shift exeept each shift has its own control cores. See Figure 4"37 and 

Dra:w-ing 87209, Volume 8, page 11. 

(5) CONTROL FOR RIGHT SHIFT (MULTIPLY STEP) 0 - This circuit, il1us'" 

trated in Fi.B11l'e 4-35 controls the one-place right shift of the Multiply Step 

instru.ction.. None of' the other shift controls are used during the Multiply 

Step sequ.ence. 

When Instruction 60 is progrannned, the Shift Multiply Step bit (SMS) i~; 

set 0 This bit, upon the Te'·occurrence of another command step, will set N20 

01. 

(Right-Shift control)o Core N20
, in turn, sets a number o:f N cores, whj.ch 

O~ O~ 

allO"tflis the in:formation in A and Q to be shifted one place to the right 0 For 

example core If33 perad ts trans:fer of information from Q30 (stage :3) to Ql.O 
, 01. 03 02 

(stage 2) 0 

(6) BACK K CONTROL 0 .. Each time a command step is issued to the 

second-level control cores., the N30 control core is set 0 This core ANDa with 
83 

each of the six bits of the K-register 0 If a "1 tf exists in ei thel' thE~ first 

O!' se(~Qind. stage of K, the VCJo core is set which subtracts one from that total 
55 

count 0 If a uln exists in any of the upper four bits of K, core VQiO is set. 
56 
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Figure 4-360 Four-Place Shift Control (Q) 
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This cc~e causes one to be subtracted from the total count in the upper four 

bits of ~':. 

f. M . .'liN ADDER. - The main adder, H, is so-called because of its function 

in the arithmetic section of the computer.-

(1) B.ABIC PROPERTIES OF· THE ADDER. - The adder is a 24-stage parallel 

adder' CO::lstructed of approximately 90 magnetic switch cards. The adder is sub-

tracti ve in nature and uses one s complement arithmetic. All transmissions to 

A, except during shifting operations,. must pass through this adder structure. 

Drawings concerning the main adder are contained in Volume 8, pages 29 and 30. 

(2) LOGIC OF lWN ADDER. - The main adder is a subtractive type 

adder that does bit-by-bit subtractions and generates borrow conditions. The 

bit-by-bit subtraction is accomplished by toggling the corresponding bit of A 

whenever an X39 bit contains a "1" as shown in Example 1. 

BIT# .. TOGGLE A .. 8 _ .. 
~ -x39 = I (, . BIT#* 

TOGGLE 

CONTROL 

A borrow condition is set whenever "Itt is subtracted from "0", or as the 

computer senses it, a borrow condition is set whenever a "1" is subtracted and 

the difference is 1". Since a bit can only borrow from'a bit containing a "1", 

the main adder must find a higher-order bit co~taining a "I" whenever a borrow 

is generated. In order to generate all the borrow conditions of the 24-bit A-

register in one clock cycle (four micro-seconds), the main adder divides the 

A-register into eight 3-bit groups. The lower four of these eight gro~ps 

lrepresenting bits A through A ) are combined at the next higher level to -
00 ~~ 
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[Qroduce a lower-half borrow (or enable) signal. Similarly, the groups repre-

senting A through A combine to form the upper-half borrow (or enable). 
1.2 23 . 

Finally, the upper and lower-half signals produce the end borrow and/or middle 

borrow signals. Borrow generation in any of the three above-mentioned levels 

is the result of a borrow signal in one of the low-order groups accompanied by 

enable signals in the succeeding higher-order groups, or a borrow from the 

highest-order group alone. At the group level, a borrow generation will occur 

under three conditions of· X and A. These are diagrammed in Example 2. Note 

that corresponding bits of A and XS9 must both be lUI" to effect borrow gener­

ation. Since A was toggled for XS9 = n 1", that stage of A must have initially 

been l' 0". This is logical, since a borrow is produced only by subtracting (t'l'· ' 

from "0" •. The three conditions may be summarized as follows I 

A borrow is generated at the group level if corresponding bits of A and X39 

. are "1" , and this combination' is accompanied by 110' sn in the succeeding higher-

order stages of A (if any). Notice that bits of A which are of a lower order 

BIT#3' BIT#2 BIT*I=3 

A=O A= I A= I 
81T*l:2 

BIT#2 A=O 

A=O 
BIT#2 BIT#3 
X39=1 A=O 

Br.T*I= I BIT#3 

BIT#I ·A=O A=O 

A=I 

GROUP 

BIT** 1 GROUP BIT#3 ENABLE 

X39= I BORROW X39.: I 

Example 2 Example 3 
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than the borrow-generating stage have no effect upon borrow generation. A group 
" . ,. 

enable is generated when all the bits of a group contain 0 s after the,toggle, 

as shown in Example 3. 

The upper and lower-half borrows are set when a group borrow is set and 

," • n the higher-order groups in that half of the A-register contain 0 s • The 

log~c that covers these conditions is shown in Example 4. 

The upper and lower-half enables are set when the corresponding halves 

" t '" of the A-register contains alIOs as shown in Example 5. 

The end or middle borrows are generated when one-half of the register 

wants to borrow from the other or when one-half of the register wan~s to borrow 

" , " from the other half, but finds all 0 s in that half, and so must borrow from 

itself. The end borrow generates a borrow condition to the lower half and the 

middle borrow generates a borrow condition to the upper half. These borrows 

are illustrate~ ~n Example 6. 

'Each group has a borrow condition set on it in certain instances. The 

first group in a half of the register is borrowed from when the end borrow 

or middle'borrow is set as in Example 7. 
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BORROW 

GROUP# 

BORROW , 

Example 9 

UPPER 

HALF 

ENABLE 

UPPER 

HALF 

BORROW 

END 

BORROW 

Example 6 

GROUP#I 

BORROW 

Example 8 

BORROW 

FROM 

GROUP# 3 

ENABLE 

Paragraph 
4-·3f 

LOWER 

HALF 

BORROW 

END 

BORROW 

BORROW 
FROM 

--, , 

GROUP** 2 

4-129 



Paragraph 
4-3f 

4-130 

GROUP#I 

ENABLE 

GROUP~2 

ENABLE 

END 
BORROW 

GROUP**3 
ENABLE 

BORROW 
FROM 
GROUP 

GROUP~I 

BORROW 

GROUP#'2 
ENABLE 

GROUP#3 

ENABLE 

BO~ROW 

.-~~ FROM 

Example 10 

BORROW 

FROM 

GROUP 

PROBE A 
CONTROL 

i----'" 

Example 11 

PROBE A 

GROUP#4 

TOGGLE 

BIT # I 

NAVY MODEL CXPK 
THEORY OF OPERATION 

GROUP#2 

BORROW 

GROUP#3 

ENABLE 

1-------..., 
CONTROL BIT# I 

BIT#I 
A=O 

TOGGLE A 

BIT 4* 2 

Example 12 

BITf* I 
X39: I. 



l'JAVY ~10DEL CXPK 
THEORY OF OPERATION 

Paragraph 
4-3f 

The second, third, and fourth groups in each half of the register are 

borrowed from if a preceding group generates a borrow and any intervening 

groups contain "O's". For illustrations of these groups see Examples 8, 9, 

and 10. 

Hhen a digit is borrowed from a bit, that bit :i,s toggled. The first bit 

of a group is borrowed from only when the borrow from a preceding group is set 

as shown in Example 11. The borrows are completed·when the probe control is set. 

The second bit is borrowed from when the borrow from a preceding group is 

set and the first bit ·of A contains a "0", or when the first bits of A and X39 

contain "1" as shown in Example l..g. 

The third bit receives a borrow when the borrow from a preceding group is 

set and bits 1 and 2 contain "0" ,. or when A-bit 1 and XS9 -bit 1 both contain "1" 

"0", ... ..39 "1" • and A-bit 2 contains or when A-bit 2 and A- -bit 2 both contain 

is illustrated in Example 13. 

BIT#2 

A=O 

TOGGLE A 

BIT#3 

BIT#2 

X39:1 

BIT#2 

A=I 

BIT**' 1 

A = 1 

BIT*I: 2 

A=O 

Example 13 

BORROW 
FROM 

GROUP 

PROBE A 

CONTROL 

BIT# I 

A=O 

This 
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ARITlIMETI'IC SEQUENCES .... The computer can be programmed for any of 

the individual sequences or combinations of sequences of the following mathe-

matical processess addition, subtraction, multiplication, division, and logi-

cal productso Examples for each of the arithmetic sequences are given in the 

appropriate paragraph. 

(1) ADDITION. - The basic unit operation of addition is perhaps the 

most important operation of the Arithmetic Section. The computer uses one's 

complement arithmetic in the arithmetic section except for the minus zero. In 

this system a negative number is represented by complementing each bit of a 

positive numbero (See Volume 1, APpendix B, Number Systems-.) For example, 

" , tI) plus five is 000101 and minus five lllOlO. A negative zero (all 1 s causes 

subtractive errors in the accumulator} hence, the computer does not generate 

negative zero under normal arithmetical operations. In certain cases, using 

instructional means, a negative zero can be generated in the accumulator. 

The fact that the Accumulator is of a subtractive nature tends to complicate 

the comprehension of addition. The apparent contradictory facts that A is sub-

tractive and that a fundamental operation of the computer is addition can be 

reconciled by examining the rules of binary subtraction and the nature of the 

XS9 to A transmission which inserts a number into the Accumulator. 

Binary Subtraction Table 

1<=>0=1 
1-1=0 
0",,0=0 
0-1=1 with a borrow required from the 

next higherQorder bit. 

The above table shows that a "0" subtracted from either a "0" or a "1" does 

not alter the "0" or the "1" in any waYJ and a "1" subtracted from a "ott~r a 

"ltf " " in each case reverses the value of the bit, and in the case ofl sub-

If. " tracted from 0, initiates a borrow from the next higher-order bit. If the 
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results of the above table are applied to X and a subtractive A, rules for 

subtraction can be formulated as followsl 

1) If no subtractive "1" signal is received from a stage in X, the state 
of the corresponding stage of A, whether "0" or "1", is not changed. 

2) If a subtractive "1" signal is received from a stage in X, the state 
of the correspo~d~ng sta~e"of A is reversed, and ~f a stage in A is 
changed from a 0 to aI, a borrow is initiated from the next higher­
order stage of A. 

The operation of the main adder is best understood by taking an example and 

following it through to completion. The main adder, the X-register, and the A~ 

register are shown in Drawings 87208, 87071, and 87070 respectively, (Volume 8, 

pages 29, 30, 18 and 17 respectively). 
. t 

A typical example of one s complement addition, as shown in the following 

example, illustrates all the ste~s involved. 

STEP 1. The Augend, octal number 2255, is located in the A-register. 

STEP 2. The Addend, octal number 1504, is located in the X-register. 

STEP 3. The formation of the complement of X is completed in XS9
• 

The third step in the addition process is the transfer of X to XS9 buffer 

(refer to Drawing 87071). Here the value of X is completed so that XSe actually 

holds the complement of X. The original number still remains in the X-register 

and is not changed during the addition process. 

Rule 1. 

Rule 2. 

Rule 3. 

RULES OF ADDITION 

A bit in an Accumulator stage is changed from "0" to "1" or 
from "1" to "0" (complemented) only if the corresponding bit 
of the X-Register is "0". 

A BIT BORROW is generated if a bit in an Accumulator stage is 
changed from "0" to "1", as a result of Rule 1. 

A GROUP BORROW is generated if Rule 2 applies and in addition the 
( ) "0' " higher-order stages of A if any within the group contain s. 

Rule 4. A RAPID-BORROW is propagated to the next higher-order group if a 
GROUP BORROW SIGNAL is set. 

4-133 



Paragraph 
4-3g 

EXAMPLE OF ADDITION 

. NAVY MODE L CXPK 
THEORY OF OPERATION 

Step Group 4 Group , Group 2 Group 1 Register Function 

10 010 

20 001 

'0 11 0 

40 100 

/ 
5. 100 

6. C100 

/<.- ..... 
7. 100 

8. 0-11 

STEP 4 .. 

4-134 

010 101 101 A AUGEND 

101 000 100 X AUGEND 

010 ill 011 XS9 ~X in XSS buffer 

000 010 110 A Ao (-X) j Toggle A 

/ / 
000 010 110 A Set bi~-by~bit Borrow 

conditions, 

0"0 0 010 110j A Set Group Borrow 
conditions 

Eo-';- Eo- / /+-~ 
000 010 11 0 A ·Prqbe._A; complete 

borrows 

111 11.0 001 A -suM 

Every bit in A corresponding to a bit tha.t....A~.onta.lila.a. '1 tt in XS9 

is toggledo The fourth step in the addition process is actually 

a bit~by-bit subtraction, performed by application of the rules 

previously described.. A signal toggles each bit in A that corre­

sponds to a bit in XS9 containing a ttl tt • If any plirticular bit 

in XS9 contains a 0, its corresponding bit in A is not toggled 
\ 

and remains unchanged. Because:xS9 (complement of X) was.,used in 

the subtraction instead of X, it is apparent that the Add X to A 

signal effectively subtracts the complement of X, not the actual 

contents of X, from Ao Since in onews complement binary notation 

the complement of a number is the negative of that number, the net 

result initiated by Add X to A can be expressed by the foilowing 

notations 

A~("'X)=A+X 
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This equation implies that even though A is subtractive, the over~ 

all operation initiated by Add X to A is additive. The 24th bit of 

A (Stage A ) may be considered the sign bit. When the sign bit 
23 

contains a ffltt , the number is considered negative; if the sign bit 

contains a "0" the number i's considered positive. 

step 5. Setting of the Bit-by-Bit Borrow conditions. According to rule 

number 2 a borrow is necessary if a bit in the accumulator is 

changed from nott to .tln
• Reproduced below are steps 1 and 4 from 

the example of addition. 

Group 4 Group 3 Group 2 Group 1 

Step 1 

Step 4 

010 010 101 101 Augend in A-register 

Step 5 

100 

1 

/ 
100 

000 

000 

010 

1 

;! 
d 1 0 

11 0 Toggled A 

l' Bits changed from 
to "1" 

,/ 
11 0 Bit-by-bit borrow 

conditions 

A bit-by-bit borrow si,tuation is indicated by ( ./ ). 
\ 

tto tt 

Step 1 shows the original number in the A-register and Step 4 shows 

this number after being toggled by XS9 • Three bits of A were 

changed from "0 u to "1" and, therefore, according to rule 2, a 
'v 

borrow will be propagated to the next higher-order bit. The center 

bit of group 1 propagates a borrow to the left-most bit of group 1, 

and the center bit of group 2 attempts to obtain a borrow from the 

left-most bit of group 2. The left-most bit of the fourth group 

cannot borrow from a higher-order, so it sets a condition for a 

group borrow as shown below in Step 6. The logic for this bit-to-

bit borrow is produced in the main adder. Whenever a t1" occurs 

in the, corresponding bits of both the A-register after togg~e and 
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the XSs buffer, a borrow signal is generated which toggles the next 

higher-order bit in A. If the next higher-order bit in A is "0" 

after the toggle in Step 4, that bit and the next higher-order bit 

will both be toggled. 

STEP 6. Setting of the Group Borrow Condition. - Certain combinations 'of 

bits in each three-bit group of A and XSs produce a borrow which 

must be obtained from the next higher three-bi t group. The signal 

produced by this condition is called a Group Borrow signal. The 

three combinations that produce group borrow signals in accordance 

with Rule 3 above are: 

(1) (2) (3 ) 

1 - 1 - 1 r S ' 

1 - - 01- 001 A-register after 
Toggle 

In the addition example, the foliowing combinations'of XSs and A 

occur. 

Group 4 Group 3 Group 2 Group 1 
r--' r--' 
I I 

010 
I I o 11 XSS 1111 0 1~ll1 J I 

I I I I 

J I I I ' 
:'11° 0 000 0:110 11 0 A-register after 
I I I I Toggle A L __ ..1 L.-J 

(1) (2) Type Combination 

Group 4 is an example, of type (1) condition and.group 2 is an 

example of type (2) condition, both of which produce group borrow 

signals. Notice that group 1 also generates a bit-qy-bit borrow 

within the group, but 'since conditions favor satisfying the. borrow 

within that ~oup, no group borrow signal is generated. Any group 

such as group 3 with all zeros in A 'rill produce an automatic group 

enable which allows the group borrow to be carried directly over to 
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the next higher-order group., '!he following group borrows will occur 

as indicated by arrows (~). 

'-r_l_O_O ___ O_O_O+--___ O_l_O ___ l_l_~_.J Group borrow conditions 

These two group borrow conditions sense each bit, and where a ·'0·' 

is stored it produces an enable which allows the borrow signal to 

be passed over to the next higher-order bit. The highest-o+der group 

produces an enable for an end-around borrow to the lowest-order bit. 

The completed group borrow condi tionsare illl1strated below. 

010 Set group borrow 
conditions 

STEP 7. Probe A for complet~on of borrows. - In this operation each bit of 

A is-probed to- see if it has either a bit-by-bit borroW' condition 

( / ) or a gr oup -borrow c-ondition (~) set. 
/~~ ~.-.-. JI' i/~ ~ 

=-1 0 0 0 0 0 0 1 0 1 1 0 Both bit-by-bit and group 
~~-------------------------~ borrows 

Each bit that has a borrow condition set on it is complemented by 

the probe A signal. When the bits having a borrow set are comp1e-

mented the following sum is obtained. 

STEP 8. 0 1 1 111 110 001 SUM 

The final sum for the ad.di tion problem is in oct-al l'ornr-and--i.s. 

found in the accumUlator. 

(2) SUBTRACTION. - The Subtract X from A routine is essentially the 

s~ as Add X to A except that the number in XS9 buffer is not complemented. 
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1 

2 

3 

4 

5 

6 

7 

SUBTRACTION EXAMPLE 
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Group 4 Group 3 Group 2 Group l Register Function 

o 11 111 

o 0 J. 101 

010 010 

010 010 

010 010 

010 010 

11 0 

001 

111 
./ 

111 

111 

001 

100 

101 
;/ 
101 

101 

/ ~~./ 
111 101 

100 10'1 

A 

x 

ADDER 

ADDER 

ADDER 

ADDER 

A 

Minuend 

Subtrahend 

Toggle A (A-X) 

Bit-by-bit borrows .. 
set 

Set Group 
borrow condition 

Probe A, Complete 
borrows 

Difference 

STEP 10 The Minuend 7 octaJ. number 37617 is located in the Accuniulator. 

STEP 20 The Subtrahend 7 octal number 15147 is located in the X .... register. 

STEP 30 Every bit in A corresponding to a bit in X that contains a .1ft is 

toggled. The bits in A corresponding to 0 s in X are not toggled 

and remain unchangedo 

STEP 40 A bit-b~bit borrow is necessary if a bit in the Accumulator is 

changed from a "OQ' to a "1" 0 This condition is indicated by an 

arrow (// ) 0 The left-most bit in group 1 meets the borrow condi-

tion but since there is no higher-order bit in the first group it is 

necessary to generate a group borrow. The first bit of group 2 

meets the borrow condition and a borrow is set on the second bit 

of this groupo 

STEP 5. The group borrow generated al;'ove is shown xy an arrow (oE--). 

STEP 6. Probing of A for the completion of borrows is the last step. Each 

4~138 

bit of A is sensed to see if· it has either a bit~byQbit borrow 

condition (,/ ).~ or a group borrow condition set (<E--) 0 Each 

bit that has a borrow condition set is complemented by the probe A 
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signal. 

STEP 7. The final difference for the subtraction problem, octal 2245, is 

found in the Accumulator. 

(3) MULTIPLICATION. - Multiplication is accomplished by using the 

Repeat and Multiply steps. Since the machine is designed to multiply positive 

numbers only, the programmer must compensate for this when using numbers which 

are negative. 

Binary multiplication consists of adding the partial products that were 

obtained from each bit of the multiplier. If the bit in the multiplier contains 

a t'1", then the partial product is equal to the multip1icandJ but if the bit in 

the multiplier contains a .'0" the partial product is zero. An example follows, 

BINARY MULTIPLICATION 

010011 MUltiplicand 
011101 MUltiplier 
010011 Partial Product of first bit 

000000 Partial Product of second bit 
010011 Partial Product of third bit 

010011 Partial Product of fourth bit 
010011 Partial Product of fifth bit 

000000 Partial Product of sixth bit 
":'0':":10::":0~O~1~Oor':iii:"":"".::"- Final Product 

The multiply step process follows this logic by adding X (multiplicand) to 

A (partial product) when the right-most bit of Q, or Q (multiplier), contains 
00 

a til" and by leaving A unchanged when Q contains a .'0.'. At the end of each 
00 

multiply step, A and Q are shifted one place to the right with the right-most 

bit of A shifted into the left-most bit of Q and with Q shifted off the registeJ 
00 

The product is obtained by repeating the multiply step until every bit in 

the multiplier containing a '~" has been shifted off the Q-register. This leaves 

the product partially in A and Q. 

If the multiply step is executed 24 times, the final product will be in Q 

with the higher-order bits extended in A. If the multiply step is executed less 
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than 24 times, the A and Qcoregisters must be s~ifted to obtain the final producto 

The multiplication operation can be explained better by following the example 

shown on the following pageo 

100 

llo 

EXAMPLE 10 

A-Register O-Register 

000 000 o 1 1, 1 0 1 

010 

001 

o 0 1. 

000 

010 

001 

o 11 

001 

100 

010 

0111 011 

001 L 101 

001, 101 

1 0 0 ~l 1 0 

,1 1 l~ 110 

o 1 1 ~l 1 1 

1 1 o~ 1 1 1 

III 1---011 

o 1 O-'LO 11 

001 - 0 0 1 

101 

110 

11 0 

111 

111 

o 11 

o 11 

1 0 1 

1 0 1 

11 0 

X-Register 

010 011 

Qoo=l, so add X to A 
(see additions) 

Right shift one and 
repeat 

Qoo=O, so A is un"" 
changed 

Right shift one and 
repeat 

Q =1:J so add X to A 
00 

Right shift one and 
repeat 

Q =1, so Add X to A 
00 

Right shift one and 
repeat 

Q =1, so add X to A 
00 

Right shift one 

At this point J an examination of the multiplier shows that we have com-

pleted the required number of Add X to A sequences, and additional MUltiply 

Step operations will serve only to shift the contents of A and Q. Five of the 

required six right shifts have been completed, so that one right shift remains 

if the answer is to be in its correct numerical sequence~ 

Two alternatives present themselveso We may continue with the remaining 

MUltiply Step operation, thus completing the required number of right shifts, 

or we may choose to shift left the appropriate number of places necessary to 
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restore the answer to its correct form. Shifting right one place will gives 

li. o 1 0 001 

12. 001 000 

001 110 
i 

I -L-_ 

100 111 

(Option I) 

Right-shift one 
for final product 

This is the correct answer. In order to obtain t~e same answer by left 

shifting, eleven shifts will be requireda 

11. 010 001 

12. 001 o 0'0 

o '0 1 

100 

(Option II) 

11 0 

111 
f 

Left-shift eleven 
for final product 

Notice that the sum of the shifts in both the options was twelve (1 + 11). 

The option to choose is obviously the one with the least number of shifts- (less­

than six in this case). For the case of the 24-bit registers, the sum would be 

24, and the option to select would be that which was less than 12. 

1) 

2) 

RULES OF MULTIPLICATION 

If Q contains a "1", add X to A and right shift A and Q. 
00 

If Q contains a "ott 
00 ' 

right shift A and Q. 

3) Repeat the multiply step until the multiplier has been shifted off the 

Q-register. 

4) After the multiplier has been shifted off the Q-register, the final 

product is in A and Q, with the most significant bits in A. 

STEP 1. The A-register is clear; the Q-register contains the multiplier, 

octal number 35; and the multiplicand, octal number- 23, is found 

in the X-regist~r. 

STEP 2. The right-most bit or Q contains a "1", so X (multiplicand) is 
00 

added to A (partial product). The actual addition of X to A is 

discussed thoroughly in the addition section. 
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STEP 3. A and Q are shifted right one place with the right-most bit of A 

being shifted into the left~most bit of Q and the right-most bit 

of Q shifted off the end. The multiply step is then repeated. 

STEP 4.. Since Q\... contains a tlO", A (Partial product) is left unchanged. 
00 

STEP 5. A and Q are shifted right and the multiply step is repeated. 

STEP 6. Because Q contains a 9'1", X is added to A. 
00 

STEP 7.. A and Q are shifted right and the multiply step is repeated. 

STEP 8. Q contains a ·'1 tt so X is added to Ao 
00 

STEP 90 A and Q are shifted right and the multiply step is repeated. 

STEP 10. Since Q contains a til", X is added to A. 
00 

STEP 11. A and Q are shifted right. Since all the bits of the multiplier 

containing a ttl U have been shifted off the register, the multiply 

step need not be repeated. 

STEP 12. (Option I) Since but one right-shift remains to put the product 

in its final form, the multiply step is repeated. 

STEP 12. (Option II) A and Q were shifted to the right five places, so A 

and Q are Circularly long-shifted left a total of five places, 

plus the number of places in the Q~register (6), or a total of 110 

STEP 130 The final product, octal number 1047, is found in the A and Q 

registers, with the lower-order bits being in Q. 

O-register 

00100 0 100 III binary 

1 0 4 7 octal 
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We may convert this octal answer to its decimal equivalent by use of the 

octal-to-decimal conversion tables 

thus, 

becomes: 

adding, 

84 = 4096 

83 = 512 

82 = 64 

S~ = 8 

SO = 1 

1 0 4 7 

83 
= 512 • 1 or 512 

82 = 64· 0 or 0 

8~ = 8· 4 or 32 

80 = 1· 7 or 7 

512 
~ 
7 

551 = 19-29 

(4) DIVISION. - Division is accomplished by executing the divide 

step the same number of times as the total number of bits in the Q-register. 

Since negative numbers introduce errors when divided, the programmer must com-

pensate for negative numbers. 

In division, the quotient tells how many times the divisor is contained in 

the dividend. To carry out the divide operation the divisor is simply subtrac~ 

ted from the left-most bit of the dividend or th~ first partial dividend. If 

the remainder is zero or positive, the divisor must have been contained once 
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in that partial dividend and so a "Itt could be placed in the left-most bit 

of the quotiento Then the left-most bit of the dividend is placed on the 

right of the remainder, fOrming the next partial dividend to be opereated on. 

If the remainder were negative, the divisor was greater than that'partial 

dividend and the quotient must contain a "0" in the 'left-most bit, signifying 

that the divisor was not contained in that partial dividend. Then, thenega-

tive remainder is added to the divisor to obtain the original partial dividend 

and the 1eft~most bit of the dividend is placed on the right of the partial 

dividend to obtain the next partial dividend. 

The division operation performed by the machine adheres closely to the pre-

ceding logic. Since there is a slight deviation, a Bogart division operation 

will be followed through to completion in Binary Division ~ Example 2. Since 

the Q~register in the example is a six~bit register, the divide step must be 

repeated six times. The adding and subtracting involving X and A are thorough-

ly explained in the addition and subtraction sections. 

STEP 1. The A=register is clearJ the Q~register contains the dividend, 

octal number 50, and the X~register contains the divisor, octal 

number 3. 

STEP 2.' A and Q are 10ng~shifted one place with the 1eft~most bit of Q 

shifting into the rightQmost bit of A. This puts the first partial 

dividend in A. 

STEP 3. X (divisor) is subtracted from A (partial dividend) to find if A 

4~144 

is larger than X. Since A (sign bit) contains H1", the differ .... 
05 

ence of X from A is negative and X is greater than A. When X is 

greater than A, the corresponding bit of Q or Q remains a "0". 
00 

During this step the partial dividend has been changed to a nega-

tive number. 
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BINARY DIVISION - EXAMPLE-2 

Step A-Register Q-Register X-Register 

1 000 000 J10 1 000 000 o 11 

2 000 o 0 1~- 0 1 0 000 Long Shift A and Q one 

3 11 1 101 010 000 Subtract X from A, A =1 
05 

4 000 o 0 l~-O 1 0 000 Add X to A (Restore) 

5 000 010 100 000 Long Shift A and Q one 

6 111 11 0 100 000 Subtract "X from A, A =1 
05 

7 000 010~100 000 Add X to A (Restore) 

8 000 101 000 000 Long Shift A and Q one 

9 000 o 1 O~--O 00 001 Subtract X from A, A =0 
so set Q to 1 05 

00 

10 000 100 000 010 Long Shift A and Q one 

11 000 001 
JOOO 

o 11 Subtract X from A, A =0 
so set Q to 1 05 

00 

12 000 o 1 0<--- 0 0 0 11 0 Long Shift A aqd Q one 

13 1 11 110 000 11 0 Subtract X from A, A =1 
05 

14 000 010 

1
000 II 0 Add X to A (Restore) 

15 000 1 0 O~ 100 Long Shift A and Q one 001 

16 000 001 001 101 Subtract X from A, A =0 
so setQ to 1 05 

00 

17 000 001 001 101 Final quotient and remaindeI 

RULES OF DIVISION 

1. Long shift A and Q one to obtain partial dividend. 

2. Subtract X from A. If A is positive set Q to 1l1tt. If A is negative, 
00 

leave Q set to .. 0" and add X to A. 
00 ' 

3. Repeat the Divide step as many times as there are bits in Q (24). 
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STEP 40 Since the partial dividend cannot be negative, X is added to A, 

thus giving the original partial. dividend. Divide step is now 

repe'atedo 

STEP 5. A and Q are 10ng~shifted one place to the left putting the second 

partial dividend in A. 

STEP 6. Subtract X from Ao Since A contains a ·'1 '., A is less than X 
05 

so Q remains a "0 tt • 
00 

STEP 7. Add X to A to get a positive partial dividend and repeat divide 

step 0 

STEP 8. A and Q are long-shifted left to put the third partial dividend 

STEP 9. 

in Ao 

Subtract X from A. A is equal to or greater than X because A 
05 

contains a tfO", so Q must be set to ttl t'. Then the divide step 
00 

is repeatedo 

STEP 10. Since A is still positive, X is not added to Ao Shift A and Q 

left one place to obtain the fourth partial dividend. 

STEP 11. Subtract X from A. A is "0" so set Q to "1" and repeat 
05 ' 00 

divide step. 

STEP 12. Shifting A and Q left puts the fifth partial dividend in A. 

STEP 130 After subtracting X from A, A contains a tt1 tt , so let Q remain 
05 00 

"0". 

STEP 14. Add X to A to get the positive partial dividend and repeat divide 

step. 

STEP 15. The sixth partial dividend is placed in A, after A and Q are 

long-shifted one place to the left. 

STEP 16. Subtracting X from A makes A a "0". Therefore, Q must be set 
05 00 

to til". Since the divide step has been repeated six times, the 
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STEP 17. 

operation is completed except for finding the positive remainder. 

If A contained a "0" after step 16, then A contains the remain .... 
05 

der} but if A contains a ttl", then X must be added to A to give 
05 

the remainder. The final quotient, octal number 15, is found in 

Q with the remainder, octal number 1, found in A. 

(5) LOOICAL PRODUCT. - The logical product is the result of a bit-

by-bit multiplication. In other words a "0" times either a "I" or tto" puts a .. oit 

in the corresponding bit, while ttl" times "I" puts a ·'1" in the corresponding 

bit. An example of the logical product is given belows 

ORIGINAL 

X-register 

Q-register 

FINAL 

X-register 

Q-register 

110 0 

1 0 1 0 

100 0 

(Logical multiplicand) 

(Logical multiplier) 

(Logical product) 

(unchanged) 

The operation of L(Q)(X) circuitry is described in the section under Arithmetic 

Sequence Controls. 

h. ARITHMETIC SEQUENCE CONTROLS. - The Axi thmetic Sequence Controls are 

a collection of eleven sequence generating circuits. Each of these circuits 

directs the execution of a whole or part of an arithmetic sequence. All of 

these controls are shown on the Command Logic Diagrams in Volume 8. 

(1) X to XS9 BUFFER CONTROL. - The XS9 core contains the informa­

tion in X or its complement at all times. The information in X is sent to XS9 

during every clock cycle but when the appropriate controls are set (shown in 

Drawing 87071, Volume 8, page 18, and Drawing 87309, Volume 8, page 6) this 

information is complemented before XS9 is read out. This is accomplished by 

,setting ap' XS9 bits to "1" and then negating any bit of XS9 where X20 contains 

~-147 



Paragraph 
4-3h 

NAVY MODEL CXPK 
THEORY OF OPERATION 

a "1".. Core VSO
, set only when E20, (instructions 11, 12, 14, 3X, 44, 51, 60 

8S ' 70 

62), E10 (instruction 24), or E20 (instructions 45, 47, 61, 64, 65, 66, 67) is 
71 72 

enabled, initiates the complement of X in XS9
0 It enables the Set X to 1 

controls (N~~, 'NP6), and then sets the Negation of XS9 control (~O), thus 
06 06 ' 07 

putting the complement of X in XS9 • 

(2) TOGGLE A CONTROL. - The Toggle A sequence, shown in Drawing 

87209, Volume 8, page 6, and Drawing 87208, Volume 8, pages 29 and 30, comple­

ments a bit in A whenever the corresponding bit of XS9 contains a "1" 0 The 

Toggle A enables a "1" in XS9 to set the corresponding bit of A to ttl" unless 

that bit of A already contains a ttl", in which case the bit is cleared. The 

Toggle A control (N10 ) is set only after the Toggle A circulation bit (WOO_ W20) 
09 , 17 17 

is set, when ESO (instructions 34, 44, 62) is enabled, or when Load MOde 
79 

is selected. The Toggle A circulation bit can be set only if E20 (instructions 
16 

35, 36, 37, 45, 46, 47), E20 (instructions 11, 31, 41, or Load MOde), or ESO 
18 19 

(instructions 12, 32, 33, 34, 35, 37, 42, 43, 44" 45, 47, 52, 56, 60, 61, 62, 64, 

65, 66, 67) is enabled or after the Logical (Q) (X) circulation bit has been set. 

The Toggle A control enables XSe to set ~6, which puts a tt1tt in A20. If A 

already contains a tty', H06 will AND with AOO to set H17 , which negates A20 • 

(3) PROBE A CONTROL 0 - The Probe A control, shown in Drawing 87209, 

Volume 8, page 6, and Drawing 87308, Volume 8, pages 29 and 30, enables a 

borrow condition in the main adder, (as described under adder) to toggle the 

corresponding bit of A. The Probe A circulation bit (WOO- W20 ) is set only 
18 18 

when ESO (instructions 11, 12, 3X, 4x, 51, 55, 60, 61, 64, 65, 66, 67) or ~o 
20 21 

(instruction 14) is enabled. The next connnand step clears Probe A circu1ati()n 

bit and sets Probe A control (N10) enabling borrows to be completedo 
08 
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(4) COMPLEMENT A CONTROL. - The Complement A sequence, shown in 

Drawing 87685, Volume 9, page 13, and Drawing 87209, Volume 8, page 6, comple-

ments the contents of the A-regi'ster, but the complement of positive zero (A-

register contains all tlO's") remains positive zero. A negative zero (A-register 

It II tt) contains all 1 s introduces errors in computation and is not formed in the 

A-register by complementation. If any bit of A contains a "1" all the bits of 

A will be toggled, but if no bit in A contains a "1", none of the bits in A 

will be toggled. The Complement A sequence is carried out by setting Probe A 

control through enabling ESO (instruction 14), then setting each bit of XS9 , 
2l. 

thus putting a borrow condition on every bit of A whenever any bit of A contains 

a "1". Then the Probe A control (Nl.O) is set and every bit of A is comple-
08 

mented. If no borrow conditions were set, A remains positive zero. 

(5) SET A TO PLUS ONE CONTROL. - The Set A to Plus One sequence, 

shown in Drawing 87209, Volume 8, page 6, clears A and X, sets the first bit 

of XS9 to t'l,i, and then enables the Toggle A control, which complements the 

first bit of A, setting it. In this sequence, the first bit of XS9 is set 

during every clock cycle by ESO (instructions 14, 34, 62). 
75 

The Normal Circulation of X control (N20
) is negated when EOO (instructions 

1l. 76 

14, 34, 44, 62) is enabled. The Normal Circulation of A control (N20 ) is 
00 

negated when ESO (instructions 34, 44) is enabled. Then ~o (instructions 34, 
78 79 

44, 62) enables the Toggle A control (Nl.O) to be set which in turn allows the 
09 

first bit in A to be toggled, making the value of A equal to plus one. 

(6) SET A TO MINUS ONE CONTROL. - The Set A to Minus One sequence, 

shown in Drawing 87209, Volume 8, page 6, clears A and X, sets all but the. 

first bit of XS9 , and then enables the Toggle A control which complements 

every bit of A except the first bit, thus giVing A the value of minus one. 

In this sequence ESO (instructions 14, 44, 62) sets every bit of XS9 , 
74 
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except the first bit, to one during each clock cycle. The Normal Circulation 

of X control (N20
). is negated when EOO (instructions 1110 , 34, 44, 62) is 

~1 76 

enabled 0 

The Normal Circulation of A control (N20 ) is negated when ESO (instruc-
00 78 

tions 34~ 44) is enabledo Then ESO (instructions 34, 44, 62) enables the 
79 

Toggle A control (N~O) to be set. This in turn allows every bit but the first 
09 

bit in A to be toggled, making the value of A equal to minus one. 

(7) A TO X CONTROL 0 - The A to X sequence, shown in Drawing 87209, 

Volume 8, page 6, transmits information from A to X. This transmission is 

permitted when E10 (instructions 13, 26, 53, 57), ESO (instruction 62), ESO 
32 73 41 

(instructions 33, 34, 36, 37, 43, 44, 46, 47, 55) or E30 (instructions 54, 56, 
22 

57) is enabledo When anyone of these cores is enabled, the Normal Circulation 

of X control (NOO) is negated, thus clearing X to zero, and the A to X control 
~o 

(NOO) is set, thus enabling the transmission of A to X. 
13 

(8) SET Q CONTROL 0 "" The Set Q sequence, shown in Drawing 87209, 
00 00 

Volume 8, page 7, comes during Divide Step whenever X is subtracted from A and 

the difference is positiveo Therefore, the Set Q to One cont.rol (N20
) is 

00 18 

enabled only when EOO (instruction 61) and positive A (A3S ) are both presento 
26 23 

(9) Q to X CONTROL. - The Q to X sequence, shown in Drawing 87209, 

Volume 8, page 6, transmits information" from Q to X. This transmission is 

permitted only when E10 (instructions 23, 24, 35, 36, 37, 45, 46, 47) is 
15 

enabled or during an input operation (VOO ). When one of these conditions 
66 

exists, the Normal Circulation of X control (NOO ) is negated, clearing X to 
10 

zero, and the Q to X control (NSO ) is set, enabling Qto be transmitted to Xo 
23 

During an output instruction, the contents of the lower six bits of Q are 

sent to X. This is accomplished by first setting the Q to X circulation bit 

(W~O~ WSO)o Then the next command step (G10).after the contents ofK are zero 
v 27 50 
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(V~O) enables N~3 (Q to X control) to be set, which transfers the contents 
05 23 0-5 

of the lower six bits of Q to the X-register. 

(10) X TO Q CONTROL. - The X to Q sequence, shown in Drawing 81209, 

Volume 8, page 1, transmits information from X to Q. The X to Q circulation 

bit (WOO_ W20 ) can be set only when E20 (instruction 26), E20 (instruction 21), 
25 25 43 67 

~o (instruction 24) or ~o (instructions 22, 12) is enabled. The next com-
62 .. 68 

mand step after the X to Q circulation bit is set clears X to Q (W20), negates 
25 

the Normal Circulation of Q control (N20 ), and sets the X to Q control (~O) 
24 26 

thus enabling X to be transmitted to Q. 

(11) LOGICAL PRODUCT OF (Q) AND (X) CONTROL. - The logical product 

of ( Q) and (X), shown in Drawing 81209, Volume 8, page 1, and Drawing 81011, 

Volume 8, ·page 18, allows a bit of X to remain in the "I" state when both that 

bit and the corresponding bit of Q contain a til". If any bit in X or its 

corresponding bit in Q contains a tlO", then that bit in X is cleared. The 

Logical (Q)(X) circulation bit (WOO_ W20 ) can be set only when ~o (instruc-
24 24 29 

tions 53, 51) or E30 (instructions 50, 51, 53, 54, 55, 51) is enabled. The 
30 

next command step pulse after the Logical (Q)(X) circulation bit has been set 

clears the Logical (Q)(X) circulation bit (W20 ) negates the Normal Circulation 
24 ' 

of X control (~O), and sets the Logical Products of Q and X controls (N~O, 
~o ~2 

N~~ N~2) through V30• These controls enable Q~o to AND with X~O which sets 
~2' ~2 62 

X20, thus completing the logical product sequence. 

4-4. STORAGE SECTION 

The storage section consists ofa a Storage Address Register (S), the 

Storage Transfer Register (Z), the Memory Access Control Section, the Digit Plane 

Control Section, and the Magnetic Core Memory Plane Assembly. (See Magnetic 

Core Storage System Logical Diagram 81000, Volume 8, page 35.) Each of the 
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memory planes has 4096 magnetic cores which are capable of storing either 

'111" or a "0" 0 

ao STORAGE ADDRESS REGISTERo ~ The Storage Address Register (S) contains 

the address at which a memory 'Word is located. It transmits this address, 

which designates the correct X and Y lines to be energized, to the MCS current 

diverterso This register receives information from either the Uaregister or 

P~registero The S-register receives information from the U-register through 

the P~registero Additional information on the S-register is given under the 

section on Control in the Theory of Operation (Volume 2), paragraph d(4), and 

in Drawing 87073, Volume 8, page 20. 

,b 0 ST.oRAGE TRANSFER REGISTER.. - The Storage Transfer Register (Z), shown 

.inDrawing87072, ,Volume ,8, page;t9:)·isused as a memory buffer. During all 

Mes sequences, .,the conten~s ofth~ memory".are transf~rredc:tp.rough the Z-regis­

ter. ,:iDuring the Wr,i te ' sequence ,·a partial; 'transmission of ,X to' Z,' can:,' be per- ' 

formed,dependingupon·,the value ,of, m~ ,This' storage, Field Designat,or, .m, 

permits ,the pa~tial :,c,hangingof thecont~nts! of· a, storage ':aa.dress>i~ During .. the 

Read ,sequence, a' p~rti~::tp.ansmi'ssion:Qf:;Z,.to X can,a1so' .be, , p~rformed',F:' 

memory to. X, ,or a portion qf memory.!,toX,;'or: a,portionof Xto,niemory.'., 

.: (1) BASIC PROPERTIES OF Z.,-The':,basic.element:f of 'each,:stag,e; are: 

three magnetic switch cores • Figure 4-38 is a :rep~r.oduction ,of the <fourth 

stage of the Z-registero 

(a), "CORE. Z~o. "" This corel receives :information "from X; under 

the control of the. N ; ,cores. It also sends"information;to the 'Start Inhibit 
'7~' 

cores (R~O) and to theX"'register whenm =Om,Oj,or m =i4 •. " 

(b) 'CORE Z20. ""This, core receives information ,from· P;: and. can' 

be set manually by the pushbutton on the indicator display panel. The P to Z 
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NORMAL 
CIRCULATION 

OF Z 

(MEMORY) 

Y....:....::.Z 
(READ PROBE) 

UIO 
03 

X~Z 

FOURTH STAGE OF Z - REGISTER 

EQUATION 

zgg = x~ N~ + z~g 

z~g = pb~·N~~ + Ms: + zgg 
z~ = y~g N~ + z~g .+ N~g 

Figure 4-38. Fourth Stage of Z-register 

Figure 
4-3~ 
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transfer is controlled by the N cores. Core Z20 also sends information to 
74 

the light on the Indicator Display panel. 

(0) CORE Z30 0 - Information received by this core comes from 

memory under the control of the N cores. This core sends information to the 
75 

U~register and~ depending upon the value of m~ to the QO~ cores (see Z-register 

buffer, below) 0 

(2) Z~REGISTER BUFFER. - The Z~register buffer contains the Zo~, 

Z02, and Z03 cores. These cores operate during partial transmissions between 

memory and X (ioeo, whenever the field designator m is not 0 or 4). The Z­

register buffer is shown in Drawing 87072. 

(a) CORES ZO~ •• 0 ZO~O ~ These cores receive information from 
00 07 

the stages in Z which hold the bits to be transferred to the eight lower-order 

positions of X. For example, when m = 1 or 5, zo~ receives information from 
00 

Z30 j when m = 2 or 6, ZO~ receives information from Z30. when m = 3 or 7, ZO~ 
00l 00 os' 00 

receives information from Z30. 
~6 

These cores send information to the corresponding eight stages of X. In 

addition, ZOl has outputs to stages 08 through 11 of the X-register as part of 
07 

the bit-extension .. feature incorporated in partial transmissions where m = 1, 

(b) CORES Z02 ZOS. - These two cores ,receive' information from 
07' 07 

the Z30 core which conta~ns the highest-order bit in the eight""bit group cur-
, ,'" 

rently being transmitted to X. In effect, they produce, along with the supple-
. . , 

mental outputs from ZO~, a 16-bit extension of the information contained in ZO~. 
07 .: , 07 

(:3) TRANSMISSION TO AND FROM Zo co Before transmissions to Z, the 

register is always cleared by the N cores. 
70 

(a) Z TO X. - During the':Read.lsequen.de' the Z~to X transfer can 
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lower eight different paths. All 24-bits of Z can be sent to X, the lower 15 

bits of Z can be sent to X, or any eight-bit third of Z can be sent to the 

lower eight bits of X. When a third of Z is transferred to the X-register, the 

upper bits of X can be made all ttl' stl or all "01 stl • See Storage Field Designa-

tors, m, as listed below. 

If m = 0, transfer the entire 24-bit word from Z to X. 

If m = 1, transfer a 24-bit word from Z to X whose lowest-order eight 

bits correspond to the right eight bits of the word in 

storage and whose higher-order bits are the same as the 

eighth bit. 

If m = 2, transfer a 24-bit word from Z to X whose lowest-order eight 

bits correspond to the center eight bits of the word in 

storage and whose higher-order bits are the same as the 

sixteenth bit. 

If m = 3, trans:f'er a 24-bit word from Z to X whose lowest-order efght. 

bits correspond to the left eight bits of the word in storage 

and whose higher-order bits are the same as the twenty-fourth 

bit. 

If m = 4, transfer a 24-bit word from Z to X whose lowest-order 15 bits 

correspond to the right 15 bits of the word in storage, and 

whose highest-order nine bits are zero. 

If m = 5, transfer a 24-bit word from Z to X whose lowest-order eight 

bits correspond to the right eight bits of the word in 

storage and whose higher-order bits are zero. 

If m = 6, transfer a 24-bit word from Z to X whose lowest-order eight 

bits correspond to the center eight bits of the word in 

storage and whose higher-order bits are zero. 
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If m = 7, transfer a 24-bit WOTd from Z to X whose lowest~order eight 

bits correspond to the left eight bits of the word in stor~ 

age and whose higher-order bits are zero~ 

(b) X TO Zo ~ During the Write sequence the X to Z transfer can 

follow five different pathso All 24 bits of X can be sent to Z, the lower 15 

bits of X can be sent to.Z, or the lower eight bits of X can be sent by any 

eight-bit third of Zo These paths are determined by m as listedbelowz 

If m = 0, write a 24"'bit 'Word corresponding to the 24"'bit 'Word in the 

X-register" 

If m = 1 or 5, write a 24-bit word with the right eight bits correspon-

ding to the right eight bits of the XQregister and the other 

bits remaining the same as in the original word in memoryo 

If m = 2 or 6, write a 240 bit word with the middle eight bits correspon-

ding to the right eight bits of the X-register and the other 

bits remaining the same as in the original word in memory" 

If m = 3 or 7, write a 24=bit word with the left eight bits correspon~ 

ding to the right eight bits of the X~register and the other 

bits remaining the same as in the original word in memoryo 

If m = 4, write a 24-bit word with the right 15 bits corresponding to 

the right 15 bits of the Xoregister and the other bits re-

maining the same as in the original word in memoryo 

(c) STORAGE TO Z~ ~ Any word, or portion thereof, which is to 

be retained in storage must, during the storage reference (memory) cycle, be 

transferred to Z for subsequent restoration in memory. Bits not so transferred 

will be losto During the Write sequence these latter bits are replaced with 

designated portions of the word in the X-register, as explained aboveo During 

Write, therefore, the Storage to Z transfer has five options whereby only 

4~156 



NAVY':MODEL CXPK, 
THEORY OF OPERATION 

Paragraph 
4-4b 

those bits which it is desired to restore to memory in their original state 

~re transferred to ZI 

If m = 0, no bits are transferred (entire word replaced). 

If m = 1 or 5, all but the right eight bits are transferred. 

If m = 2 or 6, all but the midd~e eight bits are transferred. 

If m = 3 or 7, all but the left eight bits are transferred. 

If m = 4, only the left nine bits are transferred. 

During the Read sequence the entire word is read out of Storage into Z, 

and options such as those shown above are not needed. 

c. MAGNETIC CORE STORAGE SYSTEM. - The Bogart Magnetic Core Storage 

System (MCS) is a non-volatile, high-speed, random-access storage medium con­

sisting of 24 core memory planes, each containing 4096 magnetic cores, and the 

associated addressing and driving circuits. Each of the core memory planes is 

connected to a corresponding stage of the Z-register. The MCS system has a 

capacity of 4096 24-bit words, each of which is individually addressed. The 

storage addresses assigned to Mca are 0000 through 7777, inclusive, in octal 

notation. In addition, it is possible virtually to triple the number of unique 

addresses through the use of a storage field designator which permits storage of 

three individually addressed eight-bit words in each 24-bit memory location. 

(1) GENERAL. - Each bit of the 24-bit Z-register is connected to an 

individual core memory plane consisting of 4096 magnetic cores. Information 

is always transferred from the Z-register to an MC address on an MC Write opera-

tion, and information is always transferred from an MC address to the Z-register 

on an MC Read operation. 

The Magnetic Core Storage System is shown on Drawing 87000, Volume 8, page 

35, and on Drawing 87001, Volume 8, pages 36 and 37. The MC System consists of 

the following five principal sectionsl 
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1) The Magnetic Core Memory Plane Assembly (28 4096-core Memory Planes) 

:2 ) The Memory Timing Chain 

3) The Magnetic Core Storage Address Loca.tion System 

4) The Magnetic Core Access Control 

5) Digit Plane Control Section 

The Magnetic Core Memory Plane Assembly consists of 28 separate core 

memory planes of 4096 magnetic cores assembled on an etched circuit board with 

their associated X and Y drive lines, inhibit line, and sense 1ineo Four 

planes, whose sense and inhibit lines are not connected, are used as spares. 

However, the X and Y drive lines of the spare memory planes are connected, 

since the drive lines of all planes are connected in series. Each memory plane 

has 64 X drive lines and 64 Y drive lines (see Figure 4~39). The sense line 

threads each core of the memory plane once in a symmetrically.balanced arrange-

ment so as to achieve maximum cancellation of noise outputs from partially 

selected cores. 

The Memory Timing Chain consists of twelve basic magnetic switch core 

transfer circuits which control the Read and Write operations of the Magnetic 

Core Storage Systemo Additional magnetic switch core circuits under the 

control of the Memory Timing Chain are used to control the read probe, start 

inhibit, and start disturb functions. 

The MCS address location system operates on the 12-bit binary address from 

the S~register to select one X and one Y drive line which intersect at the 

storage location being addressed. 

The Magnetic Core Access Control system and the X and Y drive line trans-

lation system are controlled by the Memory Timing Chaino The Read and Write 

pulses for the X and Y drive lines are induced in the secondary winding of a 
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drive line transformer. The X and Y ReadjWrite current generator circuits are 

part of the X and Y drive line translation systemo A simplified diagram of 

the X and Y drive line system is shown in Figure 4-39. 

There are 64 X drive line transformers and 64 Y drive line transformers .. 

The primary winding of each X and Y drive line transformer has two sectionsg 

one for the Read Current pulse, and one for the Write Current pulseo The MCS 

address translation system is divided into two identical sections8 one for the 

X drive lines, and one for the Y drive lines~ The six bits controlled by cores 

Soo to Soo are used to select the X drive lines, and the six bits controlled 
00 05 

by cores Sao through Sao are used to select the Y drive lineso The lower-
~ 06 11 . 

order five bits of the MCS address which control the X drive line selection 

are used to turn on the current diverter connected to the two drive lines 

designated by the binary numbers whose lower-order five bits are identical .. 

The sixth bit of the MCS address for the X and Y drive lines is used to turn 

on a current generator which completes the final selection.. The lower-order 

five bits of the X portion of the MCS address and the lower-order five bits of 

the Y portion of the MCS address turn on a current diverter which is connected 

to the primary winding of two separate drive line transformerso The highest~ 

order bits of the X and Y drive line portions of the MCS address are used to 

turn on the Read and the Write current generators connected to the other ends 

of the primary winding of the selected drive line transformerso Thus, only 

one X and one Y drive line are selected during each MCS referenceo 

The Digit Plane Control, under the control of the Z-register, controls the 

writing of a "ott or a uln in a particular plane by turning the inhibit/disturb 

current generator to ON or OFF~ The Inhibit Current pulse is turned on when 

writing a u o" in a core and is not turned on when writing a "I" in a core .. 

The Disturb Current pulse is automatically turned on at the end of every MCS 
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reference. During a MC~ Write operaton the Z-register communicates directly 

with the Digit Plane Control. When the addressed core is read out during a 

Read operation, the sense ''1 U signal sets the Z-register circulation bit to 

"1". The Z-register in turn controls the Restore step of the Read operation. 

Each core is a small toroid of ferrite material possessing an almost 

rectangular.hysteresis loop. Four wires pass through each core as shown in 

Figure 4-40: a vertical X wire, a horizontal Y wire, a diagonal S wire, and 

a horizontal I wire. The core is a bistable device capable of storing a "ltt 

or a "ott, depending upon the state of remanent magnetization of the core. In 

general, the "ltt state is produced in a core when the resultant magnetizing 

force of coincident current pulses on the X and Y wires is of one polarity 

through the core. The ·'0" state is produced when the resultant magnetizing 

force of coincident current pulses on these wires is of the: opposite polarity 

through the core. 

Reading or writing is accomplished by a sequence of current pulses through 

the matrix wires. The specific pulse sequences for reading or writing both a 

"1ft and "0" are shown in Figures 4-41 through 4-46. It should be noted that 

the waveforms and hysteresis loops in Figures 4-41 through 4-46 are exaggerated 

so that the actual operation paths of the minor hysteresis loops can be shown. 

In actual operation, the change in the remanent state of magnetization in the 

core for half-magnitude pulses is very small, and points L and H, and F and D 

are very close together. 

When information is read out of a magnetic core memory address the core 

iQ forced to the "9" state as shown in Figures 4-45 or 4-46. If the interro'" 

gated core is initially in the "ot. state, a very small output signal is .gener-

ated, because the remanent state of magnetization of the core is changed very 

little. If the interrogated core is initially in the 911" state, a large output 
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direction of .current flow during reading or writing.) 
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PULSE ON 1 
WIRE 

Step 1 (CLEAR) 
Step 2 (IVRITE) 

2 345 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 

I I I I I I 
/CLEAR ----- \~---

'" WRITE 

____________ /INHIBIT 

..... 

STEPS (See illustrations above) 

I 
II ~ 

DISTURB 

- X and Y CLEAR pulses shift core state from F to C to D. 
- A half magnitude inhibit pulse on the I wire cancels the 

effect of either an X or Y half magnitude pulse so that 
the core state is shifted from D to E to A. 

Ster 3 (DISTURB) - Disturb pulse on I wire shifts core state from A to B to 
F along a minor hysteresis loop. (Additional half pulses 
run the core around the closed minor loop from F to E to 
A to B to F or from F to B to F.) 

Figure 4-41.. Wri ting a "0" When the Core lvas in the "0" State 
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"'" WRITE / 
PULSES ON I 
WIRE --------~------~ 

DISTURB 

Step 1 (CLEAR) 
Step 2 (WRITE) 
Step 3 (DISTURB) 

STEPS (See illustrations above) 
- X and Y CLEAR pulses shift core state from F to C to D. 
- X and Y ~mITE pulses shift core state from D to G to H. 
- DISTURB pulse on I wire" shifts core state from H to J 

to K along a minor hysteresis loop. (Additional half 
pulses run the core around the closed minor loop from 
K to M to L to J to K or from K to J to K.) 

Figure 4-42. Writing a "1" When the Core IVas in the "0" State 
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Step 2 (WRITE) 

Step 3 (DISTIJRB) 
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'" WRITE / 

/INHIBIT 
I "--/ 

DISTURB 

STEPS (See illustrations above) . 
- X and Y ClEAR pulses shift core state from K to C to D. 
- A half magnitude inhi&it puls~ on the I wire cancels the 

effect of either an X or Y half magnitude lmITE pulse so 
that the core is shifted from D to E to A along a minor 
loop. 

~- DISTURB pulse on the I wire shifts core state from A to 
B to F. (Additional half pulses run the core around the 
closed minor loop from F to E to A to B to F:'or from 
F to B to E.) 

Figure 4-43. Writing a "0" When the Core Was in the "1" State 
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Step 1 (CLEAR) 
Step 2 (WRITE) 
Step 3 (DISTURB) 

DISTURB 

STEPS (See illustrations above) 
- X and Y CLEAR pulses shift core state from K to C to D. 
- X and Y ImITE pulses shift core state from D to G to H. 
- DISTURB pulse on I wire shifts core state from H toJ 

to K along a minor hysteresis loop. (Additional half 
pulses run the core around the closed minor loop from 
K to M to L to J to K or from K to J to K~) 

Figure 4-44. Writing a "I" When the Core Was in the ~l" State 
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OUTPUT ON S 
WIRE __________ ~n~ ________ ~ n____ ----------~n~-----U_ 

V---' U 

STEPS (See illustrations above) 
Step 1 (READ).' - X and Y READ pulses shift core state from F to C to D. 

(No appreciable output is produced on the Swire.) 
Step 2 (INHIBIT). - A half magnitude INHIBIT pulse on the I lvire cancels 

the effect of either an X or Y half magnitude RESTORE 
pulse so that core state is shifted from D to E to A. 

Step 3 (DISTURB). - DISTURB pulse on I wire shifts core state from A to B 
~ to F along a minor hysteresis loop. (Additional half 
ro pulses run the core around the closed minor loop from 
~ F to E to A to B to F or from F to B to F.) 
~I 

Figure 4-45. Reading a Core in the ".0" State 
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Figur~ 4-46. Reading a Core in the "1" State 
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signal is generated, because the core is forced from the '1 If to the "0" state. 

The sense amplifier is biased to amplify "ltt signals and reject t'ott signals. 

The sense "In signal and the Read Probe pulse are combined in ~ logical AND 
1::, . 

circuit to produce an output which is used to ~et the associated Z-register 

core to "1ft. 

In ~ Write sequence, the information previously in the core is read out (or 

cleared) and destroyed before the new infdrmation is written; hence the term 

t~ clear" is used for the first step of the Write sequence. The same pulses are 

used to read ou~ the information in the core during the Read sequence. The 

pulses in the positive direction on the X and Y drive lines are, therefore, 

called the Clear/Read pulses. All of the cores in the chosen magnetic core 

memory address are forced initially to the "0" state in either a Read or a 

Write sequence. 

In a Read sequence, the information in the core is read out of the core 

and retained in the Z-register. The next step after the read pulse during a 

Read seq,!ence is the Write or Restore step. The information previously in the 

core, which was read out of the core, is written back into the core by the 

Restore pulse under the control of the Z-register. The same pulses are used 

either to write or restore information in the core. The pulses on the X and Y 

drive lines which are in the opposite direction (nega.tive direction) to the 

Clear/Read pulses are therefore called the Write/Restore pulses. 

The writing of information in a single core is accomplished in three steps, 

as shown in Figure 4-43 through 4-46. These may be designated as the CLEAR, 

the WRITE, and the DISTURB steps. 
( 

STEP 1 (CLEAR). - The clear step is executed by the coincidence of the 

pulses on one X and Y wire. The amplitude of these 

pulses is such tha.t the combined effect of both pulses 
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is sufficient to switch the core from th~-tfl" to the "0" 

state if the core is initially in the "I'· state 0 The 
• 

occurrence of a pulse on only one of these wires does not 

change the state of the core. This choice of amplitude 

provides the AND logic function that is used to select 

one particular core during writing. 

STEP 2 (WRITE). coo After the clear step has switched the-core to "0", the 

4-170 

write step is executedo This either leaves the core in 

the "ott state or switches the core to the "1" state. 

If a ''1'' is to be written~ two simultaneous pulses are 

applied to the selected X and Y wires to switch the core 

to the "I" state. These pulses are also of an amplitude 

which requires that both must be present simultaneously 

to change the state of the core. If a "0" is to be left 

in the core, the two coincident current pulses are 

applied to the X and Y wires, but their effect upon the 

core i.s opposed by the presence, on the I wire, of an 

Inhibit pulse of opposite polarity occurring simultaneoudly 

with the X and Y pulses. The amplitude of the condition-

ally present Inhibit pulse" is approximately equal to half 

the sum of the amplitude of the pulses used on the X and 

Y wires. A pulse of this value reduces the effect of the 

X and Y magnetizing forces sufficiently to prevent the 

writing of a ttl". 

STEP 3 (DISTURB). - The third, or disturb, step is executed by a Disturb 

pulse applied to the I wire. If the core is in either 

the "0" or the ·'1" state, the Disturb pulse alters the 
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state of the core along a minor hysteresis loop so that 

the flux state settles to a It 0" or a "lU value which 

is stable in the presence of additional positive half 

pulses produced during references to other cores in;-

the system. 

The reading of information from a core is also accomplished in three steps, 

as shown ':in Figures 4-45 and 4-46. These may be designated as th~; READ, RE­

s~qRE, and DISTURB steps. 

STEP 1 (READ). - The read step is similar to the first step of writing in 

that it is executed by the coincidence of two current 

pulses on the X and Y wires. If the core was initially 

in the "1" state, the resulting flux change occurring 

when the core is switched from "I" to "0" produces a. 

Voltage pulse on the S wire. Therefore, during this 

step the reading of "l"is represented by the presence 

of a Voltage pulse, and the reading of-a "0" is repre-

sented by the absence of a Voltage pulse on the Swire. 

When the first or read 2 step causes the core t~.switch 
i,::'. 

from the "1" to the "0" state, thei;>.formation"stored is 

transferred to the Z-register. Thus, it is necessary to 

restore the core to the "1-' state so that additional 

readouts may be made from the core. This is accomplished 

by the second or restore step. 

puring each MCS cycle the cummulative effect of the p~ses on the selected.X 
and Y drive lines is felt only by the addressed core in each plane. All other 
126 cores along the selected lines in each plane~will be affected by either 
the X or the Y pulse, but not both. These cores will not be switched,'however, 
since the presence of both X and Y pulses is required to do so. The X'or Y . 
pulse, when occurring singly, is called a ''half-pulse''. 

4-171 



Paragraph 
4-4c 

NAVY· ,MODEL CXPK 
THEORY OF; OPERATION 

STEP 2 (RESTORE). - The restore step is similar to the second step of writ-

ing. If a "1 t
' was read from the core, restoration is 

accomplished by two co~ncident current pulses on the X 

and Y wires. These pulses are of opposite polarity to 

the Read pulses and are also present on X and Y if a "0" 

was read. tI " However, ;if a 0 was.·read, the effect of the 

Restore pulses upon the core is cancelled by the 

presence of an Inhibit pulse on the I Wire, and the core 

is left in the "O·t state • 

. ' STEP :; (DISTURB). <=t X'be third, or disturb, step is identical to the third 

step of the writing sequenceo 

(2) MAGNETIC CORE MEMORY PLANES. ... Each core memory plane consists of 

4096 magnetic. cores and their control wires, positioned in a square 64-by-64 

array so that the wires all lie in the same plane. The cores are held in posi-

tion by the wires, which are soldered to a square etched circuit frame. A 

typical magnetic core memory plane is shown in Figure 4~47. 

In each of the core memory planes all 4096 cores transmit to, and receive 

information from, a single stage of the Z-register. This system arrangement is 

economical in that it permits the 4096 cores to share common S and I wires. 

Furthermore, the 64-by-64 arrangement ~equires only 64 X wires and 64 Y wires 

for 4096 cores. The diagonal S wire passes back and forth over each X and Y 

wire an even number of times so that transients produced in the sense winding 

by inductive coupling to the X and Y wires tend to cancel each other. The path 

of the sense wire is also arranged so that signals from unselected cores tend 

to cancel each other. The pulses induced on the sense wire may be of either 

polarity, depending upon the position of the selected core. 
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Figure 4-47. Typical 4096-Core Matrix Plane, Top Vi ew 

Figure 
4-47 
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When writing (or reading) is to be performed in a particular core address, 

a maignetic core Write (Qr Read.) sequ.ence produced by the Magnetic Core Access 

Control first sends ClearjRead pulses simultaneously to one of the 64 X wires 

and td one of the 64 Y wires. In the core located at the junction of these 

two lines the additive effect of both pulses performs the first step of 

writing (or reading) by forcing the core to the "On state. On. the pulsed X 

and Y wires, 126 other cores each receive only a ha1f~pulse~ and therefore are 

not affectede> 

When a core which contains a ttltt is changed to a ·'0", the pulse induced on 

the diagonal S wire is recognized and amplified by the sense amplifier. (Al-

though pulses are induced on the S wire during a Write sequence~ these are not 

utili~ed by the system.) The sense pulse which is recognized by the sense am~ 

plifier is sent to the Z=register under the following cond1tionss 

1') If the pulse is induced as a result of a Read operation, or 

2) If the pulse is induced as a result of a partial Write operation 

and the pulse represents a bit which 1s to be retained in memory. 

If the pulse represents a bit which is to be replaced by new information 

from the Xoregister, the Read Probe core (N ) affecting that bit will not 
75 

permit its passage to Z~ and the bit will be lost. 

Next, a Write/Restore pulse of the opposite polarity on the same X and Y 

wires attempts to force the selected core to the .~" state. If the core is to 

be left in the tu" state, and Inhibit/Disturb pulse 1s sent to the core memory 

plane I wire to inhibit the -writing of nlltt. The Inhibit,lbisturb pulse starts 

before the Write,/Restore pulse and lasts until about two microseconds afte;r ito 

The last part of this pulse performs the third (or disturb) step 'of writing 

or readingo 
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If the core is to be set to "I", a short Disturb pulse is sent to the core 

memory plane I wire instead of an Inhibi t/Disturb pulse. The core is set to 

"]." when the Disturb pulse is used instead of the InhibitjDisturb pulse because 

it starts after the Write/Restore pulse ends. step 3 of writing or reading is 

then performed by the Disturb pulse. 

(3) MAGNETIC CORE MEMORY PLANE ASSEMBLY. - The Magnetic Core Memory 

Plane Assembly consists of a vertical stack of 28 core memory planes. Four 

memory planes are spares. This assembly is shown in Figure 4-48. 

Four connectors between each of the 28 core memory planes provide 128 series 

paths through the X and Y wires for the X and Y current pulses. The X and Y 

drive lines are identified in octal notation on the terminal boards and in the 

unit signal diagrams, and are always referred to in this text in octal notation. 

The 128 wires for the X and Y drive lines are designated X through X l' and 
00 77 

Y through Y • All X and Y drive lines are connected to ground after they 
00 77 

pass tprough the memory planes. At the opposite end of the Core Memory Plane 

Assembly, each X and Y drive line is brought out to a separate terminal, and 

the current diverter circuits in the translator system are connected to these 

terminals through a drive line transformer. On the edge of each core memory 

plane, two tabs provide connections for the I wire, and two tabs provide 

connection for the Swire. 

(4) MEMORY TIMING CHAI~. - The Memory Timing Chain is' 'a series of 12 

basic magnetic switch transfer circuits wl1ich produce a series e>f'time:pUlses 

spaced one or two microseconds apart each time core ROS is set by an Initiate 
o~ 

to Memory pulse from the computer. T.he timing sequence of the Memory Timing 

Chain pulses is shown in Figur~s 4-49 ap.d 4-50. The Memory Timing Chain is 

shown in Logical Diagram B7000, Volume 8, page 35, and Timing Sequence Diagram 

87734, Volume 9, pag~ 113. The theory of operation of the basiC transfer 
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Figure 4-48. Magnetic Core Memory Plane Assembly 
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"'E"'ORY(V~) ---1 , _____________________ --:_ 

SiART n I 
TRANSLATI~RgT) .J Ii.-_________________ ~ ________________________________ __.: __ 
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I 
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I 
. START INHIBIT (R6~) II ~~~ __ ~fl~------------------------~-

I 
(R ~i) I I 

I 
STOP READ (R g~) I I 1 

START WRITdR nl I 1 I I I 
RESUME FROM I 1 I I I I n I 
MEMORY (R ?~) t-------:~-~-~~----! .... ________ _ 

CLEAR TRANSLA'TOR I I 1 1 1 I I I· . 
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::TW::::URB (R ~t) ~I _I ~~I I----:..-~~I --J.n ___ ~ 
::::SLATION (R L II I I I I I 
~'~O~TURB(Rl~) ~I ~~I I ~I ~I~I ~I 1 ~ I 

. (;g?'''~Egg~~~?~) n----------....I nL.:..-----I1 h_l_h 1 I I 1 I 
~O~:~:;~~N:~~)~) ~ h I I nl n~1 ~I ~I~ 
TRANSLATOR CONTROL

I 
PULSE hi nl I lin nl I 

(RJi RJ~ Rb~ R~~)--' I . . . ..... ____ ........... __ --: __ ~_..:..._ 

1 I 
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o I 
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Figure 4-49. Magnetic CfJre Storage System Control- Pulses-':-
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Figure 4-50. Magnetic Core Storage System Control Pulses (Cont.) 
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circuit is explained in Volume 2, section 4, Theory of Operation. 

The stage number portion of each magnetic switch core symbol in the Memory 

Timing Chain indicates the time in microseconds that an Output pulse begins in 

that stage relative to the zero time reference. (The zero time reference of 

each Memory Timing Chain magnetic switch core stage number is the beginning of 

the readout time of the Initiate to Memory core VSo.) The timing sequence 
04 

scale in microseconds for each Memory Timing Chain stage is indicated in Timing 

Sequence Diagram 87734. The times indicated on this scale are referred to in 

this section to explain the operation of the Memory Timing Chain and the Memory 

Access Control Section. 

Each magnetic switch core shown in the Magnetic Core Storage System Timing 

Sequence Diagram 87734 produces an output pulse at the time indicated by the 

timing scale. The magnetic switch cores, R11 and R31 , o~ the Translator Bit 
02 04 

Recirculation Control section produces a series of four outputs and are there-

fore shown four times on the timing sequence diagram. The translatorlli t 

recirculation control core R31 is connected to produce a series of three 
04 

control pulses spaced four microseconds apart during each MCg reference. The 

negation lead of this core receiv~s a pulse which stops the Translation Bit 

Recirculation Control sequence on the fiftRenthmicrosecond (time 15) of . 'the 

current memory sequence. Therefore, when the translator bit re~irculation 

control core R31 is read out on the sixteenth microsecond (time 16):of·:the 
04 

current memory sequence, no signal is produced to reset the tr~sl~tio:ri pulse 

stretche~ stages and the Translator Bit Recirculation Control sequence ends. 

The function of the Memory Timing Chain is to produce a .eries of time~ 

pulses which are used to control the Read and Write operations performed in 

the memory. An Initiate To Memory Signal, occurring during each Read or Write 

sequence, transfers a "1" to Memory Timing Chain core ROS and initiates the 
01 
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Memory Timing Chain sequenceo The t~l" which was stored in R05 by the Initiate ....... o~ .... ... . 

to Memory signal is transferred to each core in the Memory Timing Chain in 

sequence to produce the required Memory Timing Chain signals I) When the "1 tt is 

transferred from ROS to R25 (at time 1) a tlu also is transferred to cores R~7, 
. o~ . 03 . . ·02 

R~6 R~3 R~2 and R~~o The next transfer pulse, TPl, reads out the tl" in 
02' 02' 02' 02 

these cores at time 2. Output signals are therefore produced in these cores 

which are combined in the logical AND circuits of the translator with the out­

put signals of the translator cores S~e S~o ••• S~9 S~o. The outputs of the 
. 00' 00 ~~' ~~ 

selected logical AND circuits energize the desired pulse stretcher circuits. 

However, these pulse stretcher circuits cannot maintain the required output 

signal voltage for the duration of a Memory Reference sequence. Therefore, the 

translator bit recirculation control core R3~ produces an output signal every 
04 

four microseconds (at times·04, 08, and 12) which is used to reset cores R~T, 
02 

R~6 R~3 and R~2. At times 2, 6, 10, and 14 the ttl' st' in these cores are 
02' 02' 02 

read out and produce simultaneous output signals with the signals of the 

Address Transfer Channel cores S~9, S~o ••• S~9, S~o. The pulse stretcher 
. ' 00 00' ~ ~ ~ ~ 

circuits on the outputs of the energized logical AND circuits are therefore 

-energized every four microseconds (at times 2, 6, 10, and 14) to maintain the 

required translator output voltage. Core R3~ is cleared at time 15 by Memory 
04 

Timing Chain core R25 which reads oat the "Itt that was stored in this core at 
~5 

time 14. Therefore, when R3~ is read out at time 16, no output signal is 
04 

produced and the Translator Bit Recirculation Control sequence is terminated 

until the next memory reference is initiated. 

The translation of the MCS address is not actually complete until time :;, 

when the signal from Memory Timing Chain core R25 energizes the start Read 
03 

pulse stretcher y37. The energization of this pulse stretcher completes the 
00 

selection of the read current generators RGXl, RGX2, RGY!, or RGY2 by energiz-
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ing two of the logical AND circuits which are connected to them. Selection of 

the proper X and Y read current generators is determined by the contents of 

the highest-order bits in the X and Y portions of the MeS address. If a ttl"~ 

is contained in bit Sao of the X drive line portion of the MeS address, read as . 

current genera.tor RGX2 is turned on; if a "0" is contained in bit SOO, read 
05 

current generator RGXl is turned on. The Y drive line read current generator 

is selected in a similar manner. 

The bits of the memory word which are transferred to the Z-register during 
! 

an MeS Read reference are controlled by the Read Probe cres N20, N21 , N22 , and 
. 75 75 75 

N23 • These cores produce Read Probe signals when the signals Initiate Read MeS 
75 

(0-7), Initiate Read Mes (8-14), Initiate Read Mes (15), and Initiate Read MeS 

(16-23) are combined in the logical AND circuits with the Start Read Probe 

signal from core R02 • The bits of the memory word containing ttl' sn are trans'· 
05 

ferred to the Z-register at time 7 if a Read Probe signal is present at the 

logical AND circuit connected to the output of the sense amplifier stage. 

The ttl'sU which were transferred to Z during an MeS Read reference at 

time 7 are read out of the Z30 cores at time 8 and transferred to the Zoo 

cores. At time 9 the "'1" signals from the Zoo cores are used to clear the 

corresponding Start Inhibit cores R~~,. R~~, ••• R~~, R~~. These start inhibit 

cores are set at time 8 by the outputs from the start inhibit control cores 

(R32 R33 and R34 ). 
os' as' as 

These start inhibit control cores are set·at time 6 by 

the start inhibit control pulse which is produced by Memory Timing Chain core 

The inhibit current is turned on automatically for each memory plane un-

less there is a til" to be written in that plane. If a "1" is to be written in 

a plane, the ne'gation input of the start inhibit core controlling that plane 

will receive a "1 "signal from the associated Zoo core. When the start inhibit 
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cores a:re read out at time la, the cores which were negated do not produce 

output signals and the start inhibit pulse stretchers connected to these out-

puts are not turned on. The inhibit current, ,therefore, is not turned on in 

those plc.nes, and ·'1' stl are vrritten. 

The \·lri te/Restore current pulse sequence is initiated at time 11 by a pulse 

from the Ivlemory Timing Chain core R2s• The start Hrite pulse from this core 
1.1 

turns on the start \·lrite pulse stretcher y37. The energize.tion of this pulse 
02 

stretcher completes the selection of the Write Current Generators \\TGXl, vlGX2, 

1.JGYl, or HGY2 by energizing two of the logical A1TD circuits vihich are connected 

to them. The X e..."1d Y -write current generators which are turned on are deter-

mined by the contents of the highest-order,bits of the X and Y portions of the 

MCS address. If a 111" is contained in bit Sao of, the X drive line portion of 
os 

the MCS c.ddress, write current generatorvlGX2 is turned on} and if a "0" is 

contained in bit soo, write current generator WGY~ is turned on. The Y drive 
as 

line "'Tite current gen.erator is 'tumedon in a similar manner. 

The Resume from Memory pulse is produced by lI.iSmory Timing Chain core ROS 

13 

at time 13. 

The Translator Bit Recirculation Control sequence is terminated at time 15 

by a pulse from !-1emory Timing Chain ,core R2S which is connected to the nega­
'15' 

tion terminal of core R31.. 
, 04 

The stop Write pulse is produced by~he Memory Timing Chain core ROS at 
17 

time 17. Because of the delay ~ich exists in developing the pulse discharger 

action, this pulse is required one microsecond'in advance of the time that the 

Write current pulse begins' to decrease. 

The start Disturb pulse is also generated at time 17 by ROs , and sets cores 
. 17· 

R12, RlS , and Rl4 at time 17.' These cores are read out at time 18 to produce 
18 18 18 ' / 

24 separate Start Disturb pulses, core Rl2 produces start disturb pulses for 
l8 
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memory planes 0-7 J core R13 produces start disturb pulses for memory planes 
18 

08-15 J and core R14 produces start disturb pulses for memory planes 16 .. 23. It 
18 

is necessar,y to initiate the start disturb pulse at time 17 because 24 separate 

outputs are required to control the Disturb pulse in ea.ch of the 24 core m~mory 

planes. Each magnetic switch core can produce a maximum of eight output pulses. 

Therefore, it is necessary to set the three start disturb control cores R12, 
18 

R13, and R14 at time 17 to produce the 24 separate start disturb pulses when 
18 18 

these cores are reed out at time 18. 

The stop Translation pulse is produced by the Memory Timing Chain cora R1EJ' 
18 

at time 18. The stop translation pulse energizes the stop translation pulse " 

dischargers y26.,.J y25, y23, and y22. The inherent time delays in the stop trans-
08 08 08 08 

1ation pulse discharger circuits, Translator pulse stretcher circuits and the 

CUrrent Diverter circuits are such that the current diverters are not turned 

off until about time 19. 

The stop Inh1bi t/D;lsturb pulse is produced by the Memory Timing Chain core 

R35 at time 20. It energizes the stop inhibit/distrub pulse discharger circuits 
20 

y11, y11, and y11. The stop inhibit/disturb pulse discharger circuits discharge 
24 25 26 

the Inhibit/Disturb pulse stretcher circuits y21, y21, ••• y21, y21, which turn 
00 01 22 23 

off the inhibit/disturb current generator Circuits, thereby terminating the 

current MCS reference. 

(5) MC!ADDRESS SELECTION SYSTEM. - The circuits used 1n~address 

selection are represented by shorthand block-type symbols in Logical Diagram 

87001, Volume 8, pages 36 and 37. The address selection system for the X drive 

lines is identical to that used for the y drive lines. The X and Y drive line'-

address selection systems therefore perform a 26 translation of the 12~bit MCS 

address (26 X 26 = 212 = 4096) to select one X and one Y drive line. The 

address of the selected core in each core memory plane is located at the inter-
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section of the selected X and Y drive lines. Since the X drive line address 

selection system is identical to that for the Y drive line address selection 

6y~trem, iOnly the X drive line system is expla.ined in this text. 

Each X drive line is connected to the secondary winding of a separate drive 

li~ transformer. The primar,y winding of each X drive line transfor.merhas two 

secti~nsp one for the Read current pulse and one for the Write current pulseo 

Each section of the pr~y ~nding is connected to a common point which is 

theri c©nnected to a current divertero There are 32 current diverter circuits, 

therefore, each current diverter circuit serves two drive lines as ShCl1m in 

Dr-u1.ng 8700lJ) Volume 8, page 36. 

'':'> Th® X drive line address selection system is divided into three distinct 

transle:oors, 23 , 22 p and 21
0 The 23 translator is controlled by the three 

lo~r-order bits of the S~registerJ) Soop Soo, and Soo, the 22 translator is 
00 01 02 

contr~lled by the next two higher-order bits, soo and Soo, and the 21 trans-
03 04 

le:tro;r 1s controlled by the highest .... order bit, Soo <'I 

05 

-Ea.ch current diverter is turned on by the decoded results of the 23 trans..,. 

lator and the 22 translator (23 x 22 = 25 ). The final selection of the X drive 

line is determined by the highest-order bit, Soo (23 X 22 X 21 = 26 ). 
_ . 05 

-The contents of S 00 determines which read end write current generators are 
os 

turned ono If Soo contains a tt ott, the read current generator RGXl and the 
05 

wri~ curI"ent generator WGXl a.re turned on. If Soo contains a "1'1 the read 
05 ' 

cul"rtent generator RGX2 and the write current generator WGX2 are turned ono 

Botil raM current generators, RGXl and RGX2, end both wri ta currant generators, 

wan, and WGX2J) are connected through the primary windings of the drive line 

~nt transformers to the current diverter circuits. 

The circuits.used to produce the Clear/Read and Write/Restore pulses for 

each X and Y drive line consist of a. read current generator and a. write current 
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generator, each connected to the primary winding of the dri ve line transf'iC)~ 

One of the transformer primary windings is used to produce the Clear/Read pulse, 

and the other is used to produce the Write/Restore pulse. Because of th.~ man~ 

ner in which the transformers are connected, the signal on the output line of 

the transformer is either a clear/read pulse (during the first step in a memory 

cycle) or a write/restore pulse of the opposite polarity (during the second 

step of a cycle). 

During en MCS reference each storage Address Register stage produces 

specific signals which begin at the same time as the Start Translation signal 

from the Memory Timing Chain core ROs, and are repeated four times at four ... 
01 

microsecond intervals. Therefore, the clear/read and write/restore operatiom' 

are performed in only one MC address during each 'storage reference. 

The lower-order six bits of the MCS address controlled by cores s~~, s~~, 

Soo Soo SOO end Soo are decoded to select and tum on the desired X drive 
oa' 03' 04' os 

line current. The higher-order six bits of the MC address contl'Olled by cores 

SOo Soo Soo Soo SOO and Soo are decoded to select and turn on the desired 
oa' 07' oa' os' 10' 11 

Y drive line current. 

The three lower-order bits of the MeS address represented by the signals 

designated XXXXXO, XXXXXl, XXXXXOX, XXXXlX, XXXOXX, and XXX1XX on the Address 

Selection Diagram 87001, Volume 8, page 36, are combined in an octal (23 ) 

translator to produce the translated signals designated XXXOOO, XXXOO1, XXXOlO, 

XXXOll, XXXlOO, XXXlOl, XXX110 and XXXlll. 

The next two higher-order bits of the MCS address are controlled by ceres 

Soo end Soo, and they are represented by the signals designa.ted XXOXXX, XXlX.XX, 
03 04 

XOXXXX, and. XlXXXX. These signals are combined in the four three-input logical 

AND circuits (binary to quaternary translator) to produce the partial trans ... 

lation signals designated XOOXXX, XOlXXX, XlOXXX, and XllXXX. 
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-The translated signals of the above, described translators (22 and 23 ) are 

combined in a decoder (system of tw-input logical AND circuits) to produce 32 

-separate decoded signals designa.ted XOQOOO, XOOOOl;XOOOlO, • o. XlIIOl, XllllO, 

XUlll (22 x 23 = 25= 32)0 These 32 decoded signals are used to turn on the 

32 eurrent di verters in the X drive line address seUection system. 

The highest-order bit~ controlled by SOO, is used to turn on one of the 
05 ' 

current generators RGXl~ RGX2, WGXl, or WGX2, as previously explained. Since 

each current diverter is connected to both read. current generators (RGXl and 

RGX2) and both write current generators (WGXl and WGX2), the final selection 

of-the X portion of the MeS address is made by turning on one of these current 

gene'rators (22 x 23 X 21 := 26 = 64). The Y drive line selection is produced 

in a similar mannero Ths, a specific setting of the S-register selects but 

ol\e---;of the 4096 unique addresses available (21 • 22 • 23 X 21 ., 22 • 23 -. ~12 

= 4(96)0 
.-" .... 

The operation of the address selection system when selecting the octal 

address llll is described in the following example. The S-register signals 

designated XXXXXl, XXXXOX, and ,XXXOXX, together with the Translation Bit 

Recirculation Control signal, are combined in the 23 transla.tor to produce the 

translated signal, XXX001. The S-register signals XXlXXX, XOXXXX, and the 

Translation Bit Recirculation Control signal are combined in the 22 translator 

to produce the t:ranslated signal, XOlXXX. These translated signa.ls are com­

bined in the logical AND circuits in the 26 decoder to produce the ,decoded 

signal, XOl001. This decoded signal turns on the current diverter stage deaig"" 

nated DX11
0 The S ... register signal, OXXXXX, is combined in a logical AND cir­

Sl 

~t;with the Translator Bit Recirculation Control signal to produce a signal 

which energizes the pulse stretcher circuit y36'p and turns on the read. current 
00 

generator RaXl and the write cur!\ent generator, WGXl. These generators each 
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produce a current pulse in the primary of the current transfonner TX through 
11 

the current di verter circuit DX11. The pulses induce a current pulse in the 
51 

secondary winding of transformer T.X ,which is connected to the X drive line. 
11 11 

The selection of Y drive line is produced in a similar manner. It should be 
11 

noted that the only way the selection of the X drive line differs from the 
. 11 

selection of the X drive line is in the signal from SOO. If SOO contains a. 
51 05 05 

rl~?: the read current generator RGX2, and the write current generator WGX2 are 

turned on. This pair of generators produces current pulses in transformer 

T.X instead of transformer TX • Therefore, a current pulse is induced in 
51 11 

the X drive line instead of the X drive line when S 00 contains a' "'Itt. instea.d 
51 11 05 

of a 1'019. 

(6) MEMORY ACCESS CONTROL 

(a) GENERAL. - During each storage reference the Memory Access 

Control circuits produce signals for operating the Digit Plane Control circuits 

and for turning on the Read, Write, Inhibit and Inhibit/Disturb current pulses. 

Id.entical Memory Timing Chain pulses are produced during each MCS reference, 

however, the Read. and Write operations 'Which occur in the memory are controlled 

by the signals. Initiate MCS read probe (0-7) J Initiate MCS read probe (8-14) j 

~:ltiate MCS read probe (15) J. Initiate MCS read probe (16-23) and certain com ... 

mand signals from the computer. 

(b) OPERATION FOR WRITE SEQUENCE. - A -write sequence will 

initiate MCS Clear and MCSWrite steps in memory. Memory Timing Chain core R35 

0.4 

sets R02 at time 4. Simultaneously, translations from the m (field modifier) 
05 

portion of the U-register set the appropriate Initiate Read Probe cores T~~, 

TOo~ TOo, _Too, depending upon the bits of memory 'WOrd in which it is desired to 
21 22 23 

write. At time 5 the Initiate MCS Read Probe signals which are present are 

COmbined in the logical AND circuits with outputs from R02 to set the 
05 
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corresponding Read Probe cores (N ) • Signals from the energized read. probe 
75 

cores are combined in logical AND circuits with the signals from bits of the 

Nf'~nced memory word containing "1' s" which set the corresponding stages of 

the Z-register. Therefore p only those bits of the selected address which are 

not to be replaced with new information are transferred to the Z-register 

during the Clea.r step. New information may be written in anyone of the five 

combinations of bits shown on the follOwing t~ble. 

SEQUENCE 

MCS Write (0-7) 
(m = 1 or 5) 

MCS Write (8 Q 15) 
(m = 2 or 6) 

MOS Write (16~23) 
(m = 3 or 7) 

MOS Write (0-14) 
(m = 4) 

MCS Write (0-23) 
(m = 0) 

MCS WRITE SEQUENCES 

INITIATE SIGNAlS 

Initiate to Memory, Initiate MCS Read Probe 
(8-14), Initiate MCS Read Probe (15), Initiate 

MCS Read Probe (16-23) 

Initiate to Memoryj Initiate MeS Read Probe 
(0-7), Initiate MCS Read Probe (16-23) 

Ini tiate to Memory, Initiate MCS Read Probe 
(0-7J Initiate MCS Read Probe (8-14), Initiate 

MCS Read Probe (15 ) 

Initiate to Memory, Initiate MCS Read Probe (15), 
Initiate MCS Read Probe (16-23) 

Initiate to Memory 

During the MCS Write step all bits of Z, including the bits of the memory 

word which are not being repla.ced and the new bits of the memory word from X, 

-are transferred to the memory cores. 

(c) OPERATION FOR READ SEQUENCE~ - A Read sequence will initiate 

MCS Read and MCS Restore steps in memory. The steps :function as described in 

(b)ibove, with this~~.xception. 

Since the MCS Read step can only transmit an entire 24-bit word from memory 

to Z, all the Initiate Read Probe Signals, 0-7, 8-14, 15, 16-23 must be present. 
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The U-register stages holding the m designator are by-passed for this case, 

and the above-mentioned TOO cores8.re set through a pulse from the Read Oper .. 

and command sequence (V20
). This is shown on Command Logic Diagram 87209, oe 

Volume 8, page 8. The control of the portion of the 'Word 'Which is used by the 

computer during a MCS Read reference is performed in the N control cores in 

the Z-register buffer. 

(d) MEMORY ACCESS CONTROL SUB-SECTIONSo - The Memory Access 

Control Section is divided into the following sub-sections on a functional 

basis. 

1) Translator Bit Recirculation Control 

2) Read Probe Control 

3) Start Inhibit Pulse Control 

4) Start Disturb Pulse Control 

5) Stop Translation Pulse Discharger Control 

6) stop Inhibit/Disturb Pulse Discharger Control 

The other circuits which are in the Memor,yAccess Control seq~jon are start 

Read. Pulse Stretcher, stop Read Pulse Discha.rger, start Write Pulse Stretche:; 

and stop Write Pulse Discharger. The timing sequence of these control circu~s 

has been described previously in paragraph 4 of this section, Memory Timing 

Chain. 

1. TRANSLATION BIT RECIRCULATION CONTROL. - The function 

of this section was described under paragraph 4, Memory Timing Chain, a.bove. 

2. READ PROBE CONTROL. - The function of this section ~ 

described under (b), Operation for Write Sequence, a.bove. 

3. START INHIBIT PUlSE CONTROL. - The function of the 

start Inhibit Pulse control section, consisting of cores R32
, R33

, and R34
, is 

to expand the start Inhibit signaJ. from the Memory Timing Chain, R15, into 24 
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separate signals for the digit plane c@ntrols8 Start Inhibit DPCcoO through 

DPC-230 Since the basic magnetic core switch transfer circuit can 'produce a 

maoctmum of eight outputs it is necessary to use the three transfer circuits 

a32 . R33 and R34 to produce the required 24 start Inhibit Contr@l signals 0 osP oe~ 08 

4~ START DISTURB PULSE CONTROLo - The function of the 

Start Disturb Pulse control section~consisting of R12~ R13, and R14~ is to 
18 18 18 

expand tbe start Disturb signal from Memory Timing Chain core ROS into 24 
17 

~separe.te signals for the digit plane c©ntrols8 Start Disturb DPC ... Q through 

DPC~~3. Because of the above~mentioned switch core limitations it is neces~ 

sar.r to use the three transfer circuits R12~ R13 and R14 t© pr©duce the re~ 
18 1a~ 1.8 

qui~d number of signalso 

10 STOP TRANSLATION PULSE DISCHARGER CONTROLo Q The 

, .. ,~~tion of the stop Translation pulse discharger control section is to tennin-

I"~~ ~~ transl~~i©ll!- <?~.~ the ~~:rent_MCS add:ress SOl that a. new st?rage reference 

can be initiated a.s soon as p((Jlssible. Therefore, the stop Translation signal 

f"r©m Memory Timing Chain core R15 is produced at time 18 SOl that the current 
18 

MOS address is terminated at time 190 The current MCS address translation is 

thus t~rminatced almost i:rnrnediately after the termination ©f th~ write/Restore 

~urr~nt pulae and pri©r t((Jl the beginning of the Disturb CUr~nt pulse 0 

6. STOP DISTURB PULSE CONTROL. = The funct1~n of the st~p 

Disturb Pulse c©nt~l section, consisting of the pulse discharger circuits 

deSignated y1.1 ~ y11 J) and y11, is to tum off the Inhibit/Disturb current gener­

:awr circuits in the Digit Plane Control section at the end of ~ach MCS refer­

ence. The Inhibit/Disturb currant generator circuits are he:ld in the ON 

~onditi@n by the Inhibit/Disturb pulse stretcher circuits in the Digit Plane 

Control s®c'tiono The StiOP Disturb Pulse control section produces the sigruUs 

Stop InhIbit/Disturb DPC~O t~gh DPC-23J) which turn off the start 
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1. START READ PUlSE STRETCHER. - The function of the 

start Read pulse stretcher circuit, y37, is to produce a signal which conir ols 
00 

the length of the Read Current pulse during each MCS reference 0 This pulse 

stretcher is energized by the start Read signal from Memory Timing Chain core 

R25 at time 3. 
03 

8. STOP READ PUISE DISCHARGER. - The function of the stop 

Read pulse discharger circuit, y27, is to terminate the Read Current pUlse 
01 

during each MCS reference. It is energized by the stop Read signal from Memory 

Timing Chain core R05 at time 09. 
09 

9. STARr WRITE PULSE STRETCHER. - The function of the Start 

Write pulse stretcher circuit, y37, is to produce a signal that controls the 
02 

length of the Write Current pulse during each MCS reference. The puln-"'6tra-t-

cher is energized by the Start Write signal from Memory Timing Chain cora R2S 

~.L 

at time 11. 

10. STOP WRITE PULSE DISCHARGER. - The function of' the 

stop Write pulse discharger circuit, y27, is to control the tennination of the 
03 

Write Current pulse during each MCS reference. The circuit is energizsd at 

time 17 by the stop Write signal. from Memory Timing Chain core R05. 
17 

(7) DIGIT PLANE CONTROL CIRCUITS. - A separate Digit Plane Control 

circuit is associated with each of the 24 Magnetic Core Memory Planes. The 

Digit Plane Control circuit controls the writing of a tI 0" or a "1" in the core 

being addressed by controlling the Inhibit Current pulse. The Inhibit Current 

pulse is turned on to write a tlO·t in a core, end is not turned on when writing 

a II 1ft in a core. 

(a) OPERATION DURING JA WRITE SEQUENCE. - During en MCS Write 

sequence, the Z-register operates as a 24-bit Memory Data Register which 
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temporarily stores the information to be written in an MCS address. 

During the MCS Write sequence the operations performed in ea.ch Digit Plane 

n1t "It • i Control circuit depend upon whether a 0 or a. 1 is to be wr tteno Beca.use 

each Digit Plane Control circuit is electrically identical to the other 23 

circuits i only the functioning of Digit Plane Control-O circuit is explained 

belovo 

An MCS Write reference is produced by an Initiate to Memory signal which 

produces writing operations in certa.in bits of the selected MCS addresso The'-

itlfo:rmation which was in each bit of' the sel~H!ted MCS address is read. out of 

the cores and' destroyedo The tIl U signeJ.sproduced' in the sense amplifier cdr-

cnita by the Clear CUrrent Pulse sequence are not recognized and transmitted 

to the Z-register during a write reference, because no Read Probe signals are 
~ 

present for the designated bits of the selected address Which are to receive 

new inf'or.mation~ 

The Inhibit Current control core R10 in the Digit Plane Control"O circuit 
00 

controls the Inhibit Current pulse. The inhibit current generator control coreJ) 

Rl.O, is set to "Itt at time 8 by the Start Inhibit CUrrent core i R32
0 If' 'a ''It'1 

00 os 

i6 to be written in bit-O of the selected MCS address, the Z-register bit-O 

c.'Ontrol co:re, Z30, is set to, ttl tI by the computer prior to the beginning of the 
00 

current MCS reference. The "I" in Z30 is transferred to Zoo at memory time 80 
00 00 

When zoo is read out at time 9, the resulting ttl tt signSJ. clears the inhibit 
, 00 

Clirrent control core R10• As a result, the ''0 If signal produced by core R10 
00 00 

at time 10 does not energise the start Inhibit pulse stretcher y21, and the 
00 

~ibit current generator lGOO is not turned on. A t'l" is therefore written 

in bit-O of the selected MCS addresso 

If a tl09t is to be written in bit ... Q of the MCS address, Z30 is cleared by 
00 

4-192 



NAVY MODE L CXPK 
THEORY OF OPERATtON 

Paragraph 
4-4c 

the computer prior to the beginning of the current MCS reference 0 Therefore» 

when core Zoo is read out at time 9, the resulting t'o tl signal does not clear 
00 

the inhibit current control core Rl. O 
0 

00 

When the inhibit current control core Rl. O is read out at time 10 the re-
00 

sulting fil" signal energizes the Start Inhibit pulse stretcher y2l. J) and turns 
00 

on the inhibit current generator circuit Ioooo A uo" is therefore writttten in 

bit-O of the selected MCS addresso 

(b) OPERATION DURING A READ SEQUENCE 0 - During a Read sequence 

the Z-register functions as a 24-bit restoration register that controls the 

Restore step l which restores the information destroyed by the reading operationo 

Prior to the beginning of each Read sequence J) the computer clears a.lJ.; 

stages of the Z-register to receive MCS Read signals from the selected addresso 

During a Read. sequence the operations perfonned in each Digit Plane Control 

cireui t depend upon whether or not a "1" is read from. the associated core 

memory plane 0 Because each Digit Plane Control cireui t is simila.r electrically 

to the 23 other ciricuitsJ) only the functioning of Digit Plane Control~O 

circuit is explained belowo 

If a til It is present in the selected address of core memory plane OJ)·-8. 

Sense signal is present on the memory plane sense wire during the first J) or 

Read step of the sequence 0 This signal attempts to the pass through the 

logical AND circuit at the output of the sense amplifiero The sense "1" 

signal passes through this logical AND circuit because a Read Probe-O pulse 

is also present J and sets the Z-register core Z30 0 The MeS Restore step that 
00 

occurs during a Read sequence functions in exactly the same manner as the MeS 

Write step previously explained in paragraph 7ao 

If a "ott is present in the selected address of memory plane 0, no Sense 

signal is present on the core memory plane sense 'Wire during the first ~ of 
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Read step of the sequence. Therefore, no Sense signal passes through the 

logical AND circuit at the output of the sense amplifier, and the Z-register 

core Z30 remains in the cleared state. The MCS Restore action has been ex-
00 

p1e:1ned above 0 

4-5. INPUT-OUTPUT SECTION 

The Input-Output Section of the main computer consists of the I-register, 

O-register, F-register, C-register, and the communication lines. The I-register 

contains input information, the O-register contains output information, the 

F-register contains external function codes, and the C-register is a control 

register for input, output, and· -load. mode sequences. The sequence of 

operation is controlled by enable, resume, disconnect, sense, and fault lines. 

These lines are included in the connnunication lines, and the remainder of the 

communication lines carry information to and from the I, 0, and F-registers. 

'" The theory of operation of each of the external devices is given in 

External Equipment , Volume 3, section 5. 

ao INPuT. - The computer can receive information from an electric 

typewriter, photoelectric reader, high-speed reader, or the converter. The 

information is received in the I-register by one of two procedures. An 

input instruction transmits information during a regular computer program, but 

the Load. Mode sequence can send information to the main machine before a 

program. is initiated." The a-register controls the input operations and ",en 

External Disconnect signal is used to stop repeated input instructions. 

- The input sequences are much slower then the regular computer program, 

arui if input instructions are progrannned faster than the input device 

supplies data, execution is delayed until the data is available. As a means 

of saving computer time, e.n1Externe.l Function Select signal is in! tiated 
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and the computer goes on exceuting other instructions until such time as 

the Sense Input Lockout indicates that the Input register is loadedo Then 

an input instruction is executed which transfers the infonnation from I to 

magnetic storage 0 As soon as the information is transferred to memory, 

another Select signal is generated. With the photoelectric reader as input, 

for instance, Bogart can execute at least 100 instructions with no loss of 

input speedo 

(1) I -REGISTERo - The Input Register, shown in Drawing 87078,' 

Volume 8, page 28, is a seven-stage register that receives infonn9.tion from 

the external equipment 0 The converter and the electric typewriter send 

information to the lower six bits only, but the high-speed mechanical reader 

and the photoelectric reader send infonnation to all seven bitso A typical 

stage of the I-register is shown in Figure 4-51. 

(a) BASIC PROPERrIES OF Io - The basic storage elements of 

each bit are two magnetic switch cores. 

(b) TRANSMISSIONS TO AND FROM I. - The I-register is cleared 

by Core N20 before each input transmissiono 
59 

1. CORE I OO 
0 - Information is received from y28 under 

the control of ~o 0 

a9 

20 CORE 120o - Transmissions are made to X under the 

control of N20• 
1.5 

0-6 

(2) INPUT SEQUENCEo - The Input sequence, shown in Drawing 87726, 

Volume 9, pages 95-97, transmits information from the external equipment to 

the magnetic storage section. The information is received in storage as a 

six-bit, seven-bit, or twenty-four bit word. 

(a) SIX-BIT WORDo - If m 1= 0 or 4 and the electric typewriter 
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or the.converter is selected as input~ then six bits of information are 

transferred to the magnetic storage each time an inpu~ instruction is 

progra.nnnedo 

When an input instruction is programmed, the Add B to U circulation 

bit (WOO- w20 ) initiates the input sequenceo Firstj the y portion of the 
02 02 

U-register is modified and then yS0 sets the Input Enable circulation bit 
87 I 

(W10 .. loP°) and the I to X circulation bit (W~O_ w50 >" The Input Enable 
31 31 26 26 

circulation bit sends an Input Enable signaJ. to the external equipment 

While the I to X circulation bit Checks for an Input Resume signale 

If the I-register is loaded and an Input Resume signal was already 

received, the Input Resume bit (W10_ \PO) is set as indicated by the II.D 
65 65 

light on the indicator display panelo A previous Input Resume occurs only 

if a Select Input function was previously programmed or if the input was 

repeated. If the I-register was not previously loaded and an Input Resume 

signal was not previously received, then the computer must wait until the 

external equipment receives the Input Enable signal, reads a character, and 

transfers the character with an Input Resume signal to the main cabineto 

When the Input Resume signal is received, the Input Resume_circulation 

bi t is set and the computer is ready to proceedo If two Input Resumes are 

received before the contents of I can be sampled~ then the Input Fault, 

circulation bit (W10_ WSO) is set and the computer stops. 
42 42 

The I to X circulation bit (W10_ WSO) and the Input Reaume circulation 
26 26 

bit form a logical AND to set V20 Which clears ~o (Normal Circulation of 
87 10 

X control) and sets N20 (I to X control) thus transferring the six bits of 
15 

information from Ito Xo A seventh bit of information is also transferred 

but since the converter and the electric typewriter transfer only six bits of 
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information to I, the seventh bit of I always contains a zero and is not 

~gnized. After the contents of I have been stored in X, VOO forms a 
aa 

logical AND with TOO (mJ 0,4) to set the Write circulation bit (W20_ WOO). 
51 13 13 

If the input instruction is not to be repeated" the Input Enable circulation 

bit (W10_ W30 ) is also cleared at this timeo Clearing of the Input Enable 
31 31 

circulation bit as a result of the above conditions allows the last Input 

Enable signal to be sent to the external equipment for only twelve micro-

seeronds. Since the signal is short, it is ignored by the external equip-

meDt and no information is transferred to the main cabineto 

The Write circulation bit initiates the write sequence, and the infor-

mat'1on contained in the magnetic storage as detennined by the value of m. 

If the instruction is to be repeated, the se~ence starts over. 

(b) SEVEN-BIT WORDo - If m J 0 or 4 and either the high-

speed or photoelectric reader is selected as input, then seven bits of 

information are stored in magnetic storageo The procedure for receiving 

seven bits of information is similar to the procedure for receiving six-

bits of informationo The difference occurs because the photoelectric and 

high-speed readers transfer seven-bits of information to the I-register. 

Therefore" the contents of the lower seven bits of X will be recognized as 

inr~r.mation and placed in magnetic storage. 

(c) TWENTY-FOUR BIT WORP. - If m = 0, 4, then four six-bit 

words are assembled in Q to :rom. a complete tw-enty-four bit word, which is 

stored in the magnetic storage. If the high-speed reeder or the photoelectric 

reader is used as an input device the information in the seventh bit is 

When an Input instruction is programmed, the Add B to U circUlation bit 

(WOO- W20) initiates the Input sequenceo First the lower 15 bits of U are 
02 02 
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modified by adding the contents of a specified B-boxo Then V30 sets V10 

67 52 

which clears N (Normal Circulation of C) and sets WO (Set C to d I d) 0 

60 87 

When T30 (m = 0,4) is set, N20 (Normal Circulation of Q) is also cleared~ 
10 24 

making the contents of Q equal to t'O" 0 Core ySo also sets the Input· Enable 
67 

circulation bit (W10_ WSO) and the I to X circulation bit (W10_ WSO)o The 
31 31 26 26 

Input Enable circulation bit sends an Input Enable signal to the external 

equipment while the I to X circulation bit checks f'or an Input ResUIneo The 

Input Resume signals are received as explained under Six-Bit WOrdo When 

the Input Resume circulation bit is activated, it ANDs with the I to X " 

circulation bit (W10_ WSO) to set v20 which in turn clears NOO (Normal 
26 26 67 10 

Circulation of' X control), sets ~o (I to X control) clears N30 (Normal" 
15 "60 

Circulation of' C control) and at the same time enables N (Shift C control)o 
61 

This sequence puts the contents of' the seven-bit I-register into X and shifts 

the contents of' C to d vC o Both TOO (m = 0,4) and T20 (C is not d ld) are 
10 63 

set. When these cores are set, the contents of the lower six bits of X are 

sent to Q, the contents of Q are shifted left six places, and the I to X 

circulation bit is enabled. When the next Input Resume is received, the 

Input Resume circulation bit is set, the contents of' I are sent to X, C is 

shifted to contain d 'b, the contents· of the lower six bits of' X are sent to 

QQ Q is shifted left six places, and the I to X circulation bit is again 

enabledo The next Input Resume initia.tes the same sequence ~ shift C to d 'a, 

and sets the I to X circulation bito The Q-register now contains infor-

mation in its upper 18 bits and the C-register contains d 'ao When' 'the next 

Input Resume signal is received by the main maChine, the contents of' I are 

sent to X and C is shifted to contain dIdo This sets T20 (C is dId) and 
62 

TOO (C is not a or b). Then the information in the lower six bits of X 
64 1 

is sent to Q, soQ now contains a twenty-four bit wordo If the instruction 
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is"not to be repeated, the Input Enable circulation bit (W10_ W30 ) is 
31 31 

clearedo Clearing the Input Enable circulation bit as a result of the 

above conditions allows the final Input Enable signal to be sent to the 

extlarnal equipment for only twel va microseconds 0 A short signal such as 

this is ignored by the external equipment. 

Next the NOO core (Normal Circulation of X) is cleared, while ~o 
10 23 

(Q to X control)" and the Write circulation bit (WOO- W20) are seto Then 
13 13 

ifm=O, a twenty-four bit word is placed in magnetic storage, and if m=4, 

infonnation is stored in the lower fifteen bits of the memory section. 

(3) LOAD MODE SEQUENCE. - The Load Mode sequence, shown in 

Drawing No. 87133, volume 9, pages 110-111, provides a means for lOading 

the magnetic storage without using program control. The address and 

information tha.t is to be sent to memory is put on punched paper tape and 

read by either the high-speed reader or photoelectric readero 

When the Load Mode/Master Clear switch located on the Bogart an tch 

panel is put in the LOAD MODE position, all the :registers are cleared and the 

Cl~ Q Load Mode circulation bit (WOO_ w20) is set. Then N20 (Normal 
98 98 24 

Circulation of Q) is cleared, and the Input Enable and I to X circulation 

bits are set. An input Enable is then sent to the selected input eqUipment, 

enaoling it to read the first frame 0 When the exteme.l equipment is 

ready to transmit information to the I-register, an Input Resume signal 

is sent to the computer which clears N10 (Normal Circulation of I) ~ while 
S9 

the Input Resume circulation bit end Core N20 (Input to I) are set~ trans-
. a9 

ferring the data in the first frame 0 As soon as the Input Resume and the 

Input Enable circulation bits are set" the sequence is ready to proceedo 

At this point the tape t s seventh level (control level) determines "What 
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type of information is contained on the tape 0 There are three possible 

combinations 8 Insert Address (d Vad), Check Address (d Vbd), and Enter Data 

. (d fd.) as shown in the example belowo The d 1 position is the d position of 

the preceding wordo For more information about the tape, see Paper Tape 

section in volume 30 

DIRECTION OF TAPE 
~ 

dcbad' dcbad f 

o o 0 000 

Insert Check 
Address(d ~ad) Address(d 'bd) 

Example 10 

dcbad" 

o o Level 6 
control level 

Enter 
Date.(d'd) 

(a) INSERT ADDRESS (d 1ad,) 0 - The Insert Address sequence 

puts the first storage address in the lower twelve bits of Uo If it is the 

first information on the tape , it must be preceded by ad' in the preceding 

frame. This d'sets the value of the C=register to d at the time the first 

Proceeding:with the Load Mode sequence after the Input Resume and the 

I to,x circulation bits are set, the information in I is sent to X, the C-

register is shifted to contain c, and the upper bit of I is checked for a 

" ]. "0 Since level six of the first frame of the insert address sequence 

contains a -"l«, the d level of the C-register is set and the C now contains 

cdo The information in the lower six bits of X is then transferred to the 

Q-register, Q is left-shifted six places, and the I To X circulation bit 

is set.. When the information in the second frame is read, the Input Resume 

circulation bit is seto Then the contents of I ere sent to X, the 
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C-1"egister is shifted to be, and since level six of the second frame contained 

·a Het, Cremains bco The information in the lower six bits of X is sent to 

the Q-register, Q is left-shifted six places and the I to X circulation bit is 

set.. The Input R~su.me circulation bit is set when the third frame has been 

raMo The information in I is now transferred to X, the C-register is shifted 

tt f1 

to ·~b and is unchanged because level six of the third frame is 0, the lower 

six bits of X are sent to the Q-register, Q is left-shifted six places, and 

the I to X and Input Enable circulation bits are again set. When the last 

frame is read, the Input Resume circulation bit is set, the contents of I are 

sent to X, and the C-register is shifted to d I a. The last frame contains a ., 1" 

in the control level, so the C-register is changed to d t ado The information 

in'i#he lower six bits of X is sent to Q, the Input Enable signal is terminated, 

t~· contents of Q era transferred to X, the information in the lower fifteen 

bits of X is sent to U, and the Clear Q Load Mode circulation bit (Woo. waO) 
sa sa 

is set, preparing the machine to read. the next four frames of infonnation. 

The- U-register now contains the first address and the computer is ready to 

accept subsequent information. 

(b) CHECK4\DDRESS (d~ bd) 0 - The Check Address sequence checks 

the adOL~ss in U to determine if the U-register has been advancing the address 

-each t:lme. This is accomplished by putting the correct address in A and then 

subtracting the actu.al e.d.dress contained in U 0 If the difference is zero 1 the 

a.ddress checks, but if the difference is not zero I a Load Check Fault is recog"* 

niHd and the computer stopso Each time the address checks, the P-register is 

a.d:mnoed by oneo 

Proc~eding with the Load Mode sequence after the Input Resume circulation 

bit and the I to X circulation bit are set, the information in I is sent to X, 
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the C-reg~ster is -shifted to contain c, and since the upper bit of I contains 

a "0" , C is unchangedo ·The contents of the lower six bits of X are sent to 

the Q-register, Q is left-shifted six places, the I to X circulation bit is set, 

and when the Input Resume signal is received signifying that the contents of 

the second frame is now in I, the Input Resume circulation bit is seto Then I 

is sent to X, the C-register is shifted to b, and since the control level of 

the second frame contains a ttl", the contents C?f C are changed to bd. The con-
--

tents of X are transferred to Q, Q is left-shifted six places, the next 
0-5 

frame of information is received in I, the contents of I are sent to X, C is 

shi:rted to ac and unchanged by level six of the third frame, X is again sent 
- 0.5 

to Q, and Q is left-shifted six placeso When the information from the last 

frame is received in the I-register, the contents of I are sent to X, arid C is 

shifted to d 'b. Since the control level of the last frame contains a ·'ltt, the 

contents of C are changed to d 'bd. The information in the lower six bits of X 

is sent to Q, the Input Enable signal is terminated, the contents of Q are sent 

to X and transferred to A, the U to X circulation bit (W10_ W30) is set, and 
15 15 

the Clear Q Load Mode circulation bit is activated in preparation for the next 

four frames of infonna.tiono After the U -to X circulation bit is set, the con­

tents of U are sent to X, and X is subtracted from A. If the contents of A 

are zero, the P-register is advanced by one and the Load Mode sequence continueso 

However, if A is not zero, the Load Check Fault circulation bit (W10_ yf30) is 
43 43 

set, and the computer stops. 

(c) ENTER DATA (d'd)o - The Enter Data sequence stores the in-

formation in magnetic storage at the.address deSignated by U, and then advances 

U to the next address. 

Preceding with the Load Mode sequence after the Input Resume circulation 

bit and the I to X circulation bit are set, the information in I is sent to 
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x, ~ is shifted to c and is left unchanged because the control level contains 

,,~tt a c-V 0 The contents of X are sent to Q, Q is left-shifted six places, and 
0-5 

when I is loaded with information from the second frame, the contents of I are 

sent to X. The C-register is shifted to b, level six ot the second frame is 

tt 0·' so C is unchanged, infonnation in X is transferred to Q, Q is left-
0-5 

-shffted six places, and the I register receives information from the third 

:f'rane. The contents of I are transmitted to X, C is shifted to a and un-

changed because level six is ltd', and the contents of X are sent to 
0-5 

Qo '~Then Q is left-shifted six places. When the information in the last frame 

iseent to I, the contents of I are transferred to X, and C is shifted to d' • 

•• t,wh h h Level six of the last frame contains a 1 ic changes t e contents of C to 

d l d.e Q receives information from X and then transfers its entire contents 
0-5 

toiC. The Input Enable signal is tenn1nated, the Clear Q Load Mode circulation 

bit (Woo. W20) is set, and the Write circulation bit (Woo. weO) is set. The 
S8 S6 13 13 

-Clear Q, Load Mode circulation bit prepares the computer to receive the next 

bloek of information, while the Write circulation bit initiates the Write 

sequence which stores the contents of X in memory at the address specified by 

U, ~d advances U to the next address. 

(4) C-REGISTER. - The C-register, shown in Drawing 87206, Volume 8, 

ptige 34,? is a five -stage register that controls the assembling of 24-bit words 

during input instructions or Load Mode, the disassembling of 24-bi t words 

during output instructions, the inserting of addresses during Load Mode, and 

the 'checking of addresses during Load. Mode. The five stages are lettered from. 

left to right as d', a, b, c, d. The register has left-shift properties and 

-e.l_ Me an a. to d end around shift. 

(a) BASIC PROPERl'IES OF C. - The basic storage elements of each 

bit are two magnetic switch cores. 
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(b) STAGE d' 0 - This stage receives infonnation from N (set 
67 

C to d 'd) 0 It is cleared when N31 is cleared. 
60 

(c) STAGE ao - This stage shifts irrl-ormation to d Q during 

input or output instructions under control of N31 (Shift C) and to d f during 
61 

Load Mode under control of N32 (C) Q It is cleared when N30 is negated. 
61 60 

(d) STAGE b. - This stage shifts information to a under 

control of N30 (Shift C) and is cleared when N30 is negated. 
61 60 

(e) STAGE c. - This stage shifts its contents to b under 

control of N30 (Shift C) and is cleared when N30 is negated. 
81 60 

(f) STAGE do - This stage shifts its contents to c under' 

control of N30 (Shift C). It receives information from 100 during Load Mode 
61 06 

sequence and is cleared by N30
• 

60 

(5) EXTERNAL DISCONNECT 0 - The External Disconnect sequence, shown 

in Drawing 87726, Volume 9, page 95, is initiated when a selected input device 

is unable to transfer information to the computero 

The External Disconnect signal clears the I to X circulation bit, clears 

the Repeat Sequence Control circulation bit, end initiates the Read Next: In-

struction sequence. 

bo ourPUT 

(1) O-REGISTER. - The output register, shown in Dra.'Wing 87078, 

Volume 8, page 28, is a seven-stage register that sends information to the 

external equipmento The converter and the electric typewriter receive inform-

at ion from the lower six bits of the O-register, but the high-speed punch 

receives information from all seven bitso A typical stage of the O-register 

is shown in Figure 4-52. 

(a) BASIC PROPERTIES OF O. - The basic storage elements of each 

bit are two magnetic switch cores. 
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(b) TRANSMISSION TO AND FROM 00 - Before transmission to 0 

the regi ster is cleared by N2o• 
50 

1. CORE 0°°0 - Inputs from X are controlled by N20 end 
0.6 60 

information'i s transferred to the external equipmento 

2. CORE cP°o - This core can be set by the manual push-

button on the indicator display panelo 

(2) OUTPUT SEQUENCEo - The Output sequence, shown in Drawing 81121, 

Volume 9, pages 98-100, transfers information from the magnetiC storage to the 

external equipment. The information is taken from magnetic storage either 'as 

a six-bit word, seven-bit word, or a 24-bit word which is disassembled and 

sent out in six-bit incrementso 

(a) SIX OR SEVEN BIT WORD. If m f 0 or 4 and the electri c 

typewriter or the converter is selected as input, then six bits of information 

are transferred to the selected equipment. If the high-speed punch is selected 

and m I 0 or 4, then seven bits of information 'Will be transferred each time 

an output instruction is progra.nnned. 

When an output instruction is programmed, the Read Operand circulation bit 

(WOo. tP°) initiates the Read sequence which takes information from magnetic 
03 03 

storage as designated by m and puts the information into the lower eight bits 

of X. The X to 0 circulation bit (W10• WSO) is then set. 
2S 29 

The Master Clear sequence sets the output Resume circulation bit (WSo- W10) 
66 66 

so: the first output instruction after the Master Clear sequence does not wait 

for an Output Resume signal. On the other hand, if there was a previous output , 
instruction, the computer must wait until it receives an Output Resume signal 

indicating that the external equipment has recorded the previous output data 

and is (ready for more information. The Output Resume signal sets the Output 

Resume circulation bit. When the X to 0 circulation bit and the output Resume 
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circulation bit are set, the O-register will, be cleared and the contents of 

the lower seven bits of'X sent to the O-register. . The Output Enable,s.~gnal 

is then sent to the external equipment. When the electric typewriter or the 
. .. 

converter are selected and receive an Output Enable Signal, they semple the 

contents of the lower six bits of the O-register) but if the high-speed punch 

was selected and receives an Output Enable sign$i, it samples the contents of 

all seven bits of the O-register. 

(b) TWENTY-FOUR BIT WORDo - If m = 0 or 4, a complete 24-bit 

word .is ~aken from memory, disassembled, and sent to the selected output six 

bits at a time •. 

When en output instruction is programmed, the Read Operand circulation bit 

(~O_ W20 ) initiates the Reed cycle which takes a 24-bit word from memory when 
.os os 

m = 0, puts the information in X, and sets the X to Q circulation bit 

(WOO- W20). Next, the contents of X are set to Q, the C-register is set 
25 25 

to .~'J d B:Ild shi~ed. ~o d t 
.. c, ,.th.~ .. s~~ft circuitry is set ,Q is shifted left. six 

places, and the Q to X circulation bit (W10_ WSO) is set. Next, the lower 
.- .. ' ~.... ,-"2:7 27 -'" . 

six bits of Q are sent to X, and the X to o circulation bit (W10_ WSO) is set. 
_.... .. .......... '" ... , '.. . . . .. 28·· 28 .. ' 

The Output Resume circulation bit (W10_ WSO) is set when the conditions -.- .. _. . . . eeee ' 

exist as described in the paragraph on Six or Seven-bit Words • 
•• ~. ,,_ •• ~ .. " • • ... " _ ~ v _. 

When the X to 0 circulation bit and the Input Resume circulation bit are 
... - '. '" 

set the contents of X are sent to the O-register, and since only six-bits of in-
___ " _. • • v_, _.. • ~ • "~ • , " .~ " _ .. .' r ....... 

formation were sent from Q to X, the seventh bit of the O-register will always 
....... .. , ,.. .~ .... . . .". .. ... .. .. " .-.., . .. ... . 

contain a zero. The Output Enable signal is sent to the external equipment - . ~ . ..... .... ", ." .. 

an~"", it samples' the contents .. of the O-register. Then since. C~ ~s ~' c , .... th~ ,> C~ 

register is sh~~ed to c?ntai~ d' b, Q is left-s~~f.ted six places, the lowe! 

six-bits of Q are sent to X, end the X to 0 circulation bit is set. When an 
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Output Resume signal is received, the contents ot X are transferred to the 0-

register, and an OUtput Enable signal is initiated. Because C is d 'b, C is 
- -

shifted to d 'a, Q is left-shifted six places, the lower six bits ot Q are sent 

to X, the contents of X are sent to the a-register when an Output Resume signal 

is received, and an Output Enable signal is sent to the external equipmento 

The contents ot C are d'a, so C is shifted to contain d'd, Q is lett-shifted 

six places, the information in the lower six bits ot Q is sent to X, end when 

an Output Resume signal is received, tile contents ot X are transferred to the 

a-register. An Output Enable signal is sent- to the external equipment, and 

since C contains did, the output sequence is completed. 

c. EXTERNAL FUNCTION. - The External Function enables the computer to 

select end operate the output equipment through the program by using various 

codes 0 These codes are first put in the F-register, then the computer signals 

the extema! equipment that the F-register contains e. code, end f1na.ll.y the 

external e~ipment completes the specified operation. 

(1) F-REGISTER. - The F-register, shown in Drawing 87073, Volume 8, 

page 20, is e. fitteen-stage register that controls external operatiol)so A 

typical stage o:f the F-register is shown in Figure 4-53. 

(a) BASIC PROPERTIES OF F. - The basic storage elements of each 

bit-are tva magnetic switch cores. 

(b) TRM'SMISSIONS TO AND FROM F. - Before transmissions are 

made to F.. the register is cleared by N20
0 

- sa 
1. CORE FCc. - This core transmits information to the 

external equipment. 

2. CORE ~o. - This core receives information :from the U-

register under the control of N • 
a8 
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(2) EXTERNAL FUNCTION CODES. - On sll external function 1nstruction~ 

the 15~bit F-register contains the control code which is interpreted by the 

external equipment according to the following conventionsl 

xxx xxx xxx xxx xxx 

x X X X X 

F-register (binary) 

F-register (octal) 

a b c d e 

Let the symbols a, b, c, d, end e represent the octal digit positions in 

the F-register in descending order. Then the following are generalized inter-, 

pretations for the individual digits of the external function codes. 

(a) CLASS DESIGNATION. - This digit is constantly monitored by 

all external units. When a class designation other than zero is specified, 

the unit designated in the remainder of' the code is to supercede the currently 

assigned unit in the specified class. This means that the currently assigned 

unit in that class must recognize this fact and dt'sconnect itself' from the 

line. The octal digit ~ssignments specifying the various classes arel 

o (EXTERNAL CONTROL)" - This 'condition indicates that 

an external control function is to be executed. ' The 

external control generally consists of power SWitching 

rather than switching of information signals. In the 

converter, however, three functions not considered 

I " ", strictly power switching are preceded ,by I 0 • These 

are. Write Tape Mark, Rewind Last-Selected Unit, end 

Backspace Last-Selected Unit. 

1 ,(INPUT or READ SELECTION). - The presence of the Input 

, or Read function indicates that a new external input . 

is to be connected to the input lines. 
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2 (OUTPUT or WRITE SELEm'ION). - The presence of' the 

Output or Write function indicates that a new external 

output is to be connected to the output lines. 

4 (SENSE SELECTION). - The presence of' the Sense function 

indicates that a new external unit is to be connected to 

the external sense line. 

:;, 5, 6, 7 (EXTEmmL FAULT) 0 - The presence of' anyone of' 

these conditions will c~use the external fault line to 

be energized. 

(b) CONTROL DESIGNATION. - This digit of' the external function 

code deSignates which of' the external control units will interpret the rema.in-
- -

~r of' the digits. The f'ollowing list assigns a value for this digit to each 

of the types of external equipment. 

1) REIAY CONTROL 

2) TYPEWRITER CONTROL 

:;) P.APER TAPE CONTROL 

4) CONVERTER CONTROL 

(c) FUNCTION DESIGNATION. - The Function digits are interpreted 

by -the various external control units and specify the particular function to 

be perfonned by that unit. 

In the case of control designators (digit b) other than 4, these functions 

consist of starting or stopping motors and energizing or dropping relays. For 

control designation 4 (converter)· the functions are as follows. 

0 - perform function (digit a) on last-selected unit 
--

1 - p~~~o~ ~~~;?~ (digit ~) on selected card reader 
.... ~. 

2 - perform function (digit a) on selected tape unit 
, .. ,~, ,', 

:; - perform function (digit a) on ca.rd. punch 

4-212 

", 
j>< /'-

co 
0 
..t:::.. 



NAVY" MODEL CXPK " 
THEORY OF OPERATION 

4 - perfonn function (digit a) on printer 
. .. ~ 
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Since the Sense condition (digit e.=4) vill not change the status of any 
- -

piece of equipment, the control designator is not "iI@ortant (as evidenced by 

X in the c digit position) for this operation. 

(d) SUB-UNIT DESIGNATION. - These digits are interpreted by the 

various external units end may have a d~fferent meaning in each case. For the 

magnetic tape portion of converter control, this specifies the number of the 

tape ~it) for relay control, this specifies the relay number. 

(e) sania as (d) above. 

(f) LEGAL CODES. - The following is a list of codes recognized 

by the externa.l equipment and the function of each code. An X represents 

an insignificant octal digit for the case being considered. 

o X X X X EXTERNAL CONTROL 
) 

o ~ X X X External Relay Control 

o 11 0 1 Energize Relay One 
o 1 501 

01102 Energize Re~ Two 
o 1 5-02 

o 11 0 3 Energize· Relay Three 
o 1 5 0 3 

01201 Release Relay One 
01601 

01202 Release Belay Two 
01602 

01203 Release Belay Three 
o 16 0 3 

o 2 X X X Typewriter Control 

021XX 
o 2 5 X X 

022XX 
o26xX 

Start Motor 

Stop Motor 
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o 3 X X X Paper Tape Control 

o 3 1 X 1 Start Photoelectric Reader Motor 
035Xl 

o ,3 1 X 2 Start High-Speed Reader Motor 
035X2 

g ~ ~ i t Start High-Speed Punch Motor 

o 3 1 X 1 start ALL Motors 
035X1 

g ~ ~ i ~ Start Photoelectric Reader/High-Speed Punch Motor 

g ~ ~ i ~ Start High-Speed Reader/High-Speed Punch Motor 

032Xl 
o 3 6 X 1 

Stop Photoelectric Reader Motor 

Stop High~Speed Reader Motor 

stop High~peed Punch Motor 

o ,'~ X1. o ,6 X 11 stop ALL Motors 

g ~ ~ i ~ Stop Photoelectric Reader/High-Speed Punch Motor 

o 3 2 X 6 o ~>6 X:" Stop High-Speed Reader and High-Speed Punch Motor 

o 4 X X X Converter Control 

04000 
04010 
o 4 0 2 0 Turn off I/O indicator 'of last-selected unit 
04030 

04001 
04011 o 4 0 2 1 Write Tape mark on last-selected tape 
04031 
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04002 
o 4 0 1 2 Rewind last selected tape 
04022 
04032 

04003 
o 4 0 1 3 Turn on I/O Indicator of last-selected unit 
04023 
04033 

04004 
o 4 0 1 4 Backspace last selected unit 
04024 
04034 

04100 
o 4 1 2 0 Select Card reader 
o 4 1 4 0 
o 4 1 6 0 

04200 
o 4 2 2 0 Select tape unit 0 
04240 
04260 

042 0 1 

o 4.2 2 1 Select tape unit 1 
0~241 
04261 

0.2·02 
O"~a22 1 t2 o ~12' 4 2 Se ect tape uni " 
04262 

04203 
04223 . o 4 2 4 3 Select tape un~t 3 
04263 

04204 
04224 . 
o 4 2 4 4 Select tape un~t 4 
04264 

04205 
o 4 2 2 5 . 
0'424 5 Select tape un~t 5 
0"4265 
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04206 
o 422 6 o 4 2 4 6 Select tape unit 6 
04266 

04201 
04221 
o 4 2 4 1 Select tape unit 7 
04261 

o 421 0 
042 :; 0 
o 4 2 5 0 Select tape unit 8 
04270 

04211. 
042 :; 1 o 4 2 5 1. Select tape unit 9 
04271 

04:; 0 0 
o 4 :; 2 0 
o 4 :; 4 0 Select Card Punch 
o 4 :; 6 0 

o 4 4 0 0 
04420 
o 4 4 4 0 Select Printer 
o 44 6 0 

1 X X X X INPUT SELECTION 

4-216 

1. 2- X X X 'l'ypevri ter Input 

1 2 X X X Select typewriter input 

1 :; X X X Paper-Tapelnput 

l:;XX1. 
1. :; X X 5 Select Photoelectric reader input 

1.:;XX2 
1. :; X X 6 Select High-Speed reader input 

1. 4 X X X Converter Input 

141. 0 0 
14120 
1. 4 1. 4 0 Read cards 
141.60 
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14200 Read tape unit 0 (coded) 
14220 

14201 Read tape unit 1 (coded) 
14221 

14202 Read tape lUlit 2 (coded) 
1 422 2 

14203 Read tape unit 3 (coded) 
1 4 2'2 3 

14204 Bead tape unit 4 (coded) 
1422 4 

14205 Reed tape unit 5 (coded) 
1 422 5 

14206 Reed tape unit 6 (coded) 
1 42 2 6 

14207 Read tape unit 7 (coded) 
'1 42 2 7 

1 q.--a 1 0 Read tape un! t 8 (coded) 
1 'q. 2 3 0 

1.4211 Read tape unit 9 (coded) 
l.4231 

1. "".2 4 0 Read tape unit 0 (binary) 
14260 

14241 Read tape unit 1 (binary) 
14 2 6 1· 

14242 Read tape unit 2 (binary) 
14262 

14243 Read tape unit 3 (binary) 
14263 

14244 Read tape unit 1+ (binary) 
14264 

14245 Read tape unit 5 (binary) 
1 426 5 

~ 
0 

14246 co 
Read tape unit 6 (b:t,nary) >< 14266 0.. 
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1 4 2 4 7 Read tapeuni t 7 (binary) 
14267 

1 4 2 5 0 Read tape unit 8 (binary) 
14270 

1 4 2 5 1 Read tape unit 9 (binary) 
14271 

2 X X X X OUTPUT SELECTION 

2 2 X X X Select Typewriter Output 

2 2 X X X Select typewriter output 

2 3 X X X Select Paper-Tape Output 

23XXX Select High-Speed punch output 

24xxx CoriverterOutput 

24200 Write tape unit 0 (coded) 24220 

2~2Q1 Write tape unit 1 (coded) 24aa1 

alt..202 Write tape unit 2 (coded) a: 4..2. 2 2 

2.4,ao3 Write tape unit 3 (coded) 2'4223 

24204 Write tape unit 4 (coded) 24224 

24205 Write tape unit 5 (coded) 24-225 

24206 
Write tape unit 6 (coded) 24226 

24:2 0 7 
Write ta.pe unit 7 (coded) 24227 

24210 
Write tape unit 8 (coded) 24-230 

24-2 11 
24231 Write tape unit 9 (coded) 
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2 4 '2 4 0 Write, tape, unit 0 (binary) 
2 426 0 

24241 Write tape unit 1 (bina.ry) 
g 4 2 6 1 

'2' 4 2 4 2 Write tape unit 2 (binary) 
24262, 

24243 Write tape unit, 3 (binary:) 
24263 

24244 Write tape unit 4 (bina.ry) 
2 4264 

24245 Write tape unit 5 (binary) 
24265 

2 42 4 6 Write tape unit 6 (binary) 
24266 

24247 Wri te tape uni t;7 (binary:) 
2 426 7 

24250 Write tape unit 8 (binary) 
24.2-70 

242 5 1 Write tape unit 9 (binary) 
24271 

2,,-,00 
24320 Punch cards 
24340 
2 4 3 6 0 

2 440 0 
2 442 ° Print on Tabulator 
24440 
2 4 4 6 0 

4xxxx SENSE SELECTION 

4lXXX Sense Relay Control 

4 1 X 0 1 Sense Relay One 

4 1 X 0 2 Sense Relay Two 

4 1 X 0 3 Sense Relay Three 
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41Xll 
4 1 X :3 1 Sense Switch One 
4lX5l 
4 1 X 7 1 -

41X12 
4 1 X :3 2 Sense Switch Two 
41X52 
4lX72 

41X13 
4lX:3:3 
4 1 X 5 3 
4 1 X 7 3 

Sense Switch Three 

NAVY MODEL GXPK 
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4 :3 X X X Sense Paper-Tape Control 

4:3XXl 
4 3 X X 5 Sense No Tape in Photoelectric Reader 

43XX2 
4 3 X X 6 Sense No Tape in High~Speed Reader 

4 4 X X X Sense Converter Control 

4 4:. x X 0 Sense any (ot: the following) conditions 

~.q..··X X 1 Sense Read/Write Check 

4 4-x X 2 Sense I/O Indicator 

4, ... 4:.. X X:3 Sense Short Transfer 

4 4 X X 4 Sense Long Transfer 

(3) EXTERNAL FUNaI'ION SEQUENCEo - The External Function sequence, 

shown in Drawing 87725, Volume 9, page 94 J> sends an External Function code to 

the external equipment initiating a specified operationo 

The External Function (instruction 70) sets the Add B to U circulation 

-bit (Wo0o::> Wao) which,p when cleared, adds the contents of the specit:ied B-box 
02 02 

to the lower t:ifteen bits of U and sets the External Function circulation bit 

(w10_ W30)o 
30 so 

The Master Clear sequence sets the ~ternal Function Resume circulation 

bit (W10"" WSO) so the first external function instruction after the master 
err err 
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clear sequence does not wait for an External Function Resume signal. If 

there was a previous external function instruction, the compu-ter must wait 

for an External Function Resume signa.l. signifying that the previous function 

is completedo The External Function Resume signal sets the Ext~rnal FUnction 

Resume circulation bit (W10_ W30)o 
fff7 67 

When the External Function circulation bit 'and the External Function Resume 

circulation bit are set, the contents of' the lower fifteen bits of U are sent 

to the F-register, en Extemal Function Enable signal is generated, and the con-

tents of the F-register are samp1ed by the external equipmento 

(a) EXTERNAL COMMUNICATION LINESo - There are a total of" 38 

communication lines between the main machine end peripheral equipment. These' 

lines 'are directly coupled and are of identical electrical characteristics. 

(See Drawing 87543, Volume 12, page 20) . 

1. FUNCTION LINES (15). - These lines originate in the 

main cabinet and are continually monitored by the external equipment. The 

electric typewriter receives information tram 14 11nesJ. 11 line~ send informa­

tion to the high-speed raader, high-speed punch, and photoelectric' reader, 

while the converter receives 1ntor.mation from all 15 lines. 

20 FUNOl'ION E;NABIE LINE (1)0 - The External Function 

Enable line originates in the main computer and goes ·to all external equipmento 

This line is energized in the execution of an external function instruction and 

signals the external equipment that the F-register lines are ready for trans-

lation. 

3. FUN(R1ION RESUME UNE (1). - The External Func.tion 

Resume line Originates in the external equipment and terminates in the main 

cabinet. This line signals the computer that the extema.l :function has been 

performed. 
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INPUT LINES (1)0 - The input lines originate in the 

external equipment and terminate in the computer. Only six input lines trans-

f--ar information from the converter and electric typwriter, but the high-speed 

reader and photoelectric reader send information through seven input lines. 

1. INPUT ENABLE LINE (1)0 - This line originates in the 

main cabinet end signals the external equipment that an input operation should 

proceed. This line is energized directly by the input instruction code in 

the main cabinet and remains energized until the instruction is completedo 

It signals the external equipment that the computer is ready for more infor-

mation. 

6. INPUT RESUME LINE (1)0 ... The Input Resume originates in 

the cexter.nal equipment and tenninates in the computero This line is activated 

-and de-activated at a rate determined by the input equipment and is asynchronous 

with the main machine. The line is activated at the time the input lines are 

to be sampled and de-activated any time before the next sample period. It 

signals the main computer that the external equipment is ready to transmit more 

infonna.tiono 

1. OUTPUT LINES (1) .... The Output lines originate in the 

computer and go to each piece of output equipment. Only six output lines go 

to ~he converter and electric typewri tar, but a.ll seven lines go to the high-

spe~d puncho 

8. OUTPUT ENABLE UNE (1). .. The Output Enable originates 

in the computer and signals the external equipment that an output operation 

shOlilld proceed. This line mOnitors the O-register lockout and is energized 

as .long as the register contains output into:rmation. 

2,0 OUTPUT RESUME LINE (1) 0 - The Output Resume line orig"" 

1nates in the external equipment and tenuinates in the main computer. This 

4-222 



NAVY MODEL CXPK 
THEORY OF OPERATION 

Paragraph 
4-5c 

line is activated and de-activated by the external equipment end :i.s asynehron-
.. ",' ~ ~ 

ons ~th the main machin~o Tl?-e line is activated at th~ time the output lines 

are sampled and de-activated any .t1m~ before the next sample periodo It signals 

, the computer control that the output register is available for a new entry. 

10 0 EXTERNAL SENSE LINE (1) Q ... The External Sense line' 

originates in the extemaJ. equipment and' tenninate,s in the main computero 

This line monitors an external eonditi~n as specified by a previoUs exter.rial 

function and is available for sensing by the Sense Jump instruction. 

ll. EXTERNAL DISCONNECT LINE (1) 0 - The External Diseon-

nect originates in the external equipment and is energized in the event that 

the external unit can no longer participate in a. transmission with the computer 

It clears the Repeat bit register and initiates the Read Next Instruction 

sequence after the completion of the current instruction cycle. 

120 EXTERNAL FAULT LINE (1). - This line originates in 

the electric typewriter and terminates in the main cabinet. It is energized 

when an externeJ. code of 3 X X X x, 5 X X X X, 6 X X X X, or 7' X X X X is 

called foro When energized it causes the computer to stop operation and turn 

on the Temperature Fault (TFr) lighto Fault lines to the Converter and PI' 

Cabinet are included in the External Connnunications Cable, but are not 

connected to those unitso 

4-60 POWER AND COOLING 

a. GENERAL. - The Bogart computer is designed to operate on the power 

usually avail8.ble from power companies in the U.S~ 6 ll5 vac,? 60 cps one-phase 

poWe'r, and 208 vae, 60 cps, three-phase power. The ll5 vac is used directly 

to operate certain non-computing elements such as blowers, interlock relays, 

etc. ~ ,order to obtain a voltage which is free from power surges" reliably 

constanti and more easily filtered after rect1ficat1onJ) the 208 vac is converted 
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to 200 vac, 400 cps, three-phase power by a. motor-generator combinationo 

This power is then voltage-regulated and distributed to various transformers 

-and l'ower supplieso 

In order to prevent excessive ambient temperatures from damaging compon-

-ents, a. cooling system is furnished with the Bogart computero The hea.t produced 

by~ower dissipation in electronic circuits (e~ecially vacuum-tube filaments) 

is earried off by forced convection of water-cooled airo 

-' bo POWER SUPPLY AND DISTRIBUTIONo - The main power supply for the Bogart 

computer consists of a motor=generator which furnishes regulated a-c power to 

-all "Units 0 Each unit then converts the e.-c power into its required a.-c and d-c 

vol~ages by using transformers and rectifier circuits. 

The various motors are run by unregulated a.-a power from the house wiringo 

Fuses and circuit breakers are used for overload protectiono 

(1) PRIMARY POWER DISTRIBUTIONo ... The house wiring furnishes 208 

vac, ~hree-p~se p 60 cps and 115 vac, one-phase, 60 cps power for operation of 

the cO~\l~~o The 208 vae power, supply» shown in Drawing 87741, Volume 11, 

page 5, ope~tes the motor-generator that supplies the 200 vac, 400 cps power. 

This power is regulated by the exciter-regulator before it reaches the comput­

ingequipment 0 The 115 we power is distributed and used as described in 115 

vacDistribution sectiono 

(a) MaroR-GENERATORo - This unit furnishes 400 cps a-c power 

to ~he main computero A 2,-horsepower induction type motor~ operating on 208 

vac, three-phase, 60 cps~ drives the generator at 3510 RPMo The generator is 

a 15 kvaj 200 volt, 400 cpSJl three--phe.se inductor a.ltematoro (See Figura 

4-54) 0 

4-224 



o 

NAVY MODEL CXPK 
THEORY OF OPERATION 

Figure 
4-54 
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Figure 4-54. Motor Generator and Exciter Regulator Controls 
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(b) EXCITER-BEGUIATOR. - The exciter-regulator pro'~ddes a plus 

or minus one percent voltage regulation under all balanced loading conditions 

within the alternator rating. On the panel of the regulator are found three 

metors8 (a) Output ammeter, indicating Line CUrrent) (b) Output voltmeter, 

indicating Line Voltage:J (c) Vibrating-reed output' frequency meter, indicating 

Line Frequency. In addition to the meters~ there are three switches, one Off/ 

-On tnd tchJl an AutomatiC/Manual swi tch which has associated rheostat controls 

for 'both Automatic and Manual adjustments, and the Local/Remote Swi tcho The 

LO~Remote switch is a modification which allows the voltage to be ~gulated 

by a remote vOll tage control located on the distribution panel of the main com­

puter 0 See Drawing 87741 JI Volume 11 ~ page 5 fOlr a cireui t diagram of the motor-

genGl'rator, regulator, and associated circuitso The input to the regulator is 

115''VaC, single-phase, 60 CpSo The exciter-regulator is used to supply direct 

curr-ent to the alternator field and to maintain the terminal voltage constant 

as .!.oad is applied or removedo The exciter section rectifies the 60-cycle 

pO'W'er and delivers direct current to the alternator fieldo The regulator sec-

tion -rectifies the alternator output voltage ~ compares it to a standard direct 

current voltageJ) and controls the exciter so that the proper amount of direct 

eu~nt is fed into the alternator fieldo 

''The electronic exciter.,regulator is a non ... overloading type. That is, with 

'Wl:t~ power factor or le.gging POJWeI" factor loads.l> it 'Will supply inc.reasing 

current "00 the field up to the limit of regulationo If the alternator is 
. .' , -\ . 

loaded beyond this p(1)int., no more excitation current will flow and the al ter-

nator will act as if excited constantly with naxinrum rated field current. 

No immediate damage will occur to the alternator unless this condition is. 

cont:tnous~ whereby an excessive temperature rise in the field winding may 

Occur. Daring this condition, the alternator output voltage will drop sharplY;:i 
.f 
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recovering as the load. is reduced to ,the machine ratingo 

(2) STANDARD CHASSIS POWER SUPPLYo ao The regulated 200 wc supply 

is distributed to each of he chassis as sho'Mn in Drawing 87742p Volume ll~ 

page 60 . '!'here it is converted into +45Ov, +200v~ +Bv, and 603 vae power 

supplies, a.s ~hown in' :Drawing 87~:3:03~, Volume 11, page 10 ' The +45Ov supply is 
, . 

produced from the' 200. ~c supply through a step""up, delta.-wye transformer, and 

a. :full-wave rectifier~:trcuito The +2~Ov supply is produced f'rom the 200 vae 

supply, 't~ a. ~l~a~~ transformer an.d a fuJl"!'~ve rectifier cireuito The 

+45Ov and +20Ov p~r. sup;>liese.reused i:n producing the -,Read end Transfer 

Pu.ls~ , ,circuits 0' 

The +Bv suPPl.y is ,pI'Qdueec(from the 200 we supply through step-down, 
. , . 

delt~~star transfo~r and afull~wave re~tifier eircuito This supply is 

fu.r?:1ish~d to. bus bars which distribute the +Bv to the circuit cardso The +Bv 

~~mChassis 10100 is ~so used on Console manual s~tches as shown in Drawing 

1.212790 ~ 6.? _~c four'!"~ere supply is produced from the 200 vac source 

through a step-down, delta-wye filament transformer and is distributed to each 

of the eight vacuum tubes. 

(3) CLOCK CHASSIS POWER SUPPLY 0 - The clock ~a.ssis uses the same 

power supplies as the main c~ssis as described in the preceding sectionQ 

However, it also uses a 603 vac, 10-ampere power supply which is produced from 

the regulated 200 vac supply through a step-daw.n~ delta~delta filament trans~ 

former and furnished to bus bars located on the chassis 0, This circuit is 

shown in . Drawing 87140, Volume 11, page 2,0 

(4) CENTRAL POWER SUPPLYo - The regulated 200 vac power supply is 

converted into +15Ov i +6Ov, ~v, ... 14v, =25v, -lOOv, -125v,)) -165v, 603 ~c~ and 

various bias voltages as shown in Drawing 121290, Volume 11, pages 3 and 40 
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These voltages are distributed to each chassis that is associated with memory. 

The +15Ov +60, -lOOv, -125v, and -165v supplies are produced from the 200 wc 

supply through step-down, delta-wye transformers and full-wave rectifier 

circuits. The Read, Write and Inhibit bias voltages are taken from the -125v 

SOllrce and controlled by Helipots R01, R02, and R03, Drawing 87742, mounted on 

the circuit breaker panel in the main cabineo 

-- The -+Bv 1 ~14v and -25v supplies are produced from the 200 vac supply 

thrOugh step-down, delta-star transformers and full-wave rectifier circuits. 

The---Sense Amplifier bias voltage is taken from the +Bv supply and is controlled 

by Helipot R04 mounted on the main cabineto 

The 6.:5 vac supply is produced from. the regulated 200 vac supply through 

a 6tep-down~ delta .... \1ye fil.ament transformer. This supply is distributed to 

bus bars. 

(5) CARD VOLTAGE SUPPLIESo - Some electronic circuits in Bogart re-

quire voltages other than those produced by transformer-rectifier circuits. 

These circuits have low power and stability requirements p so that voltages 

obtained from resistors used as voltage dividers are sufficient. 

Stab!li ty to high-frequency load variation is provided by a small con­

denser in pa.reJ.lel with the load. All vOll tage divider type supplies are 

located on the printed-circuit cards which they serve. 

-Each standard magnetic sWitch card has a voltage divider which produces 

+2 "Volts from the +8 volt supplyo The +2 volts power is also produced on the 

M9..maal Set and Indicator Light (MoLo) cards. 

All transistor switch cards and resynchronimation delay cards 4009 and 

4oJ..{) hold dividers which produce -3 volts from the -15 volt supply. 

Type 40]2 line axi vers ~ and 9118 and 9122 pulse stretchers:J contain d1 vid­

er-type supplies which produce +5 volts from the +8 volt supplyo 
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Card type 4005 contains a + 100 volt d1 vider supply and. no other circuitry C) 

The +100 volts is produced from the +200 volt supply. 

(6) 115V lAC DISTRIBUTIONo - The unregulated 115 ve.c, single-phase, 

60 cps power supply is taken directly f'rom house wiring and used to operate 

various pieces of equipmen"\io 

The 115 wc supply is distributed to four service outlets,. the memory 

warm:l.ng coils,' and fGur ·1/8 ~: blower motors in the main· cabinet ,a~ shown in 

. Drawing 87742, Volume ll, page 60 This supply is also sent to the Running 

Time Meter in the' console ca})inet as . shown in Drawing 87745, Volume il, page 

11, and to the extemal .. equipmento 

The 115 vae supply is used in the typewriter cabinet to run the electric 

typewriter mo.tor, as shown in D~ng 121299, Volume 12, page 230 The 115 vac 

supply is d1ssributed in the. paper-tape cabinet to the photoelectric reader 

motor, the high~speed reader motor i the high-speed punch motor, the two fan 

motors, and the high-speed l1ghto 

c.. PROTECTIVE MECHANISMS 

(1) OVERLOAD PROTECTIONo - Fuses and a-c circuit breakers are used 

in the Bogart computer to prevent the flow of' excessive currents which might 

damage eomponentso An a~c ~1rcuit breaker opens the circuit in the presence 

of' excessive current, and is reset by .s1mplyl'~etting the handle back to the 

ON position •. It can be used optionally as a svitcho Indica.tors in the form 

of' small colored lights are used to signify various conditions throughout the 

computero 

(a) PRIMARY SOURCE. - Primary overload. protection is provided 

by a. 50-ampere House. Protection Circuit Breaker (Drawing 87741, Volume 11, 

page 5) in the output lines of' the 200 vac, 400 cps alternator which protects 
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(b) MAIN CABINEl'. - AC circuit breakers are pyramided within 

the main cabinet so that each individual chassis is protected from damage, and 

the overall current is limited to a safe value. This protection system is 

shown in'h:raWing 87742, Volume 11, page 60 
, 
',\ 

The 200\v'8.c, 400 cps power is run directly into the main cabinet, where 
\ 

\ 
it is divided to\go to the external equipment and to the circuits of the main 

\\ 
cabinet. When powe~ is supplied to the main cabinet, the two red Power On 

" 
lights on the front of the cabinet are lit. A 25-ampere circuit breaker (CB20) 

is included in the lines of the interior of the main cabinet, so that if the 

total current to the main cabinet components exceeds 25 amperes, the power is 

removed from these circuits. An identical circuit breaker (CB22) protects the 

external equipment from overeJ.l C;urrent exceeding 25 amperes. 

Each chassis (10100-11900) within the main cabinet is protected by its 

individual 1.5-empe~ circuit breaker (CBOl-19).. When any one of these chassis 

circuit breakers is open, the Tripped Breaker indicator light, located above 
. - -

the line voltmeter on the distribution panel, is illuminated. 
. . 

In addition to the 200vac, 400 cps power, the main cabinet is wired for 

115 vac, 60 cps power. This is s~nt to the motors, etc., in the exte~ 

eqUipment, and is used by the blower motors within the ma.:ln cabinet. Each 

branch of this circuit contains a 25-ampere circuit breaker mounted on the 

distribution panels CB21 for the main cabinet, CB23 for the ~xternal_ ~quipment. 

(2) EMERGENCY SWITCHES AND INT,ERLOCKS) - In addition to fuses and 

c~rcu~t~reakers which protect the electrical components in the system, the 
following means are provided to insure the safety of personnel and are sh~ 

in Drawing 87742, 

(a) EMERGENCY OFF SWITCHES. - Fo~ of these switches, located 
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on the circuit breaker panel directly behind each of the cabinet doors, can be 

used to remove 400-cycle power from the entire system by interrupting the hold-

ing-coil circuit to the motor generator seto These red push buttons are evenly 

spaced along the panel so as to be readily accessible to persons working in or 

near the main cebineto 

NOTE 

THESE EMERGENCY BUTI'ONS DO Nor REMOVE 
115 VAC, 60 CPS POWER FROM ANY UNITS 
IN THE SYSTEM) 

(b) TEMPEMTURE INTERLOCKS 

10 LOW -TEMPERATURE THERMOSTATS 0 - Evenly spaced along the 

back of the circu_it breaker panel are eight lo'W-tezqpe,rature thermostats. When 

the temperature of the air surrounding one or more of these devices exceeds 
( 

95'T C) ~ the thermostat trips and a relay puller in the console iA energizedjl 

causing the Temperature Fault indicator (FLT) on the display panel to :register 

a "1" instead of a normal "0'\ At the same time~ one or more of the eight 

amber indicators on the front of the panel are illuminated, indicating which 

thermostat has been affected by the excessive temperature. The fault stops 

the computer as explained previously. When the air around the low-temperature 

thermostat falls below 94 O:F 0 ~ the device automatically is reset, and the amber 

light is extinguishedo 

20 HIGH-TEMPER:A.TURE THERMOSTATSo - The brackets which 

support the third and the seventh low-tem;perature thermostats also carry the 

high-temperature thennostatso When the temperature in the cabinet exceeds 

120~~" either of these two devices will open the holding-coil circuit to the 

motor generator, thereby removing '+00 cycle power from the entire system 0 

These interlocks do not affect the 115 vac~ 60 cps distribution to the computer 

or its auxiliary equipmento 
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d. COOLING SYSTEM 
' .. '. 

(1) DESCRIPTION .... The cooling system:requires 46'T. to 50~o 

cooling water and a room temperature at approximately 80'? 0 maximum. at 60 

percent relative humidity or lower. 
--- ._---

The cooling system of the main computer cabinet-consists of e. water cooling 

eoil and four blowers which circulate the air in a closed type system. The 

vater-cooled air streams enter the chassis side of the cabinet through adJust-

able overlapping grills located at the bottom of each bay and recirculate 

through the cooling coilo 

Special grilled tops and bottoms are provided for the cabinets in case the 

eontractor has air cooling plenums available on which to mount the electronic 

cabinets. 

The other cabinets of the computer system are individually air cooled by 

blowers which circulate the room a.iro 

~ ,p(j)rti~n of the me.in_ cOl!lPuter ,cabinet in back of the cha.ssis houses air 

filters, one 'Water coil, four blowers, water flow controls, and e. condensate 

drainage system. The air filters, which prevent dust from enetering the equip· 

mant, ere oil-coated aluminum anodized filters of the type that can be cleaned 

and re-used. Four blowers, wi~h e. cape.c~~y of about 1,800 cfm. JI are driven by 

four J/8 ~ motorso One six ... rowjl five-f?ot, counter-flow water coil is located 

between the filters and blowerso The rate of water flow through the cOils is 

determined by the temperature of the air as it enters the cooling coils 0 The 
. .I 

temperature is detected by a thexmostat which, in turn, controls a modulating 

valve in the input water line. If the water content of the room air is rela-

tivoly high, and the ca.binet doors ere opened, the moisture is removed by con­

densation on the cooling coils as the air temperature is dropped below the dew 

pOint. The condensa.te is collected and carried away by a floor drain. In the 
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closed system an equilibrium is soon reached and if the doors remain closed 

very little condensate 'Will be formado 

(2) AIR CONDITIONING DATAo - Requirements and data for the air con-

ditioning system are as follows8 

o 0 o 0 000 0 o 0 0 0 Cooling water temperature (Input) 

Cooling water pressure (Input) o 0 o 0 0 0 o 0 o 000 o 0 60 psig mino 
100 psig mB.Xo 

Pressure drop through cooling system 0 0 0 0 0 0 00,0 0 0 40 psig maxo 

Rise in tempo of cooling water during heat exchang~ 0 0 0 9~o 

Air temperature in computer 0 0 0 0 It o 0 0 0 o 0 0 0 

Maxinrum allowable relative l?:umidity 

o 0 64~o to 80~o 

o 60% ' 000 000 0 000 

Blower capacity 0 0 0 0 0 o 0 0 0 0 0 o 0 o 0 o 0 o 0 o 0 

It is to be noted that the temp'erature in the main computer cabinet, must 

be kept under 95"F 0 since low-temperature interlocks are provided to prevent 

operations at higher temperatureso 

If the temperature should exceed 120oFo the high-temperature interlock will 

cut off the power supplyo 

The customer must supply the cold water~ insulated cold water pipes, and 

condensate drain pipeso It is recommended that the condensate drain be at 

least a 3/4 inch ~ipeo This is a gravity system with the condensate collecting 

pan located about 6 1/~ inches a~o;e the :f'loo:r~ Although the co~d. wa.ter_ connec­

tions to the computer are 1 ~4 inch NPT (male)~ the cold water pipes running to 

and from the computer and cold water pump should be of such a. size as to pro-

vide a pressure drop of 40 ps1g through the computer cooling coils to allow 
, -

control ,with the modulating valveo Pressures greater than 100 psig should be 

avoidedo. 
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PARA 

4-2d 
4-3e 
1-5c 

4-2c 
1-5d 
4-2 
4-2d 

l-5c. 
4-4c 
4-2g 

1-5c 
4-3h 
4-2d 
4-2f 
4-2d 

6-9a 
5-4b 
6-4f 
5-4b(1) 
5-4b(3) 
5-4c 
5-4c(5) 
5-4c(3) 

5-4b) 

5-4c(1) 
5-4c(4) 

2-3 

6-31 

6-5 

4-21 
5-29 

2-11 

5-30 
5-31 

5-33 
5-35 

5-27 
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2-5 

6-107 

6-103 
4-87 
4-117 
1-19 
4-50 
5-96 
4-57 

4-~;, 

4-87 

1-22 
4-191 
4-95 

1-21 
4-147 
4-75 
4-90 
4-75 

D-1 

B-4 

2-19 
6-129 
5-97 
6-87 
5-97 
5-101 
5-102 
5-111 
5-104 
5-105 
5-106 
5-97 
5-108 
5~110 

5-103 
5-104 
5-94 
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J\A VY ~10DEL CX PK 
INDEX 

SUBJECT VOL PARA 

Converter, (cont d) 
Right new ............................. 3 
Sense ...................................... 3 
Select register "'."' •..••..•.•••••••••.• 
Translator ~coder ••.•••••..•••••••••. 

Vrite 
vlri te Binar~r .............................. . 
Tl'iri te Coded ................................ . 

3 
3 
3 
3 
3 
3 

Converter cabinet •••••• "' •••• o,.o,............ 3 
3 

Floor plan and elevation •••••••••••••• 1 
1.1:iintenance ••••.•.• o,.o, .... o, .•.•.. o, •... 4 
Power distribution •••••••••••••.••.•.• 3 
Po,\·rer supply ••...•.•.••• o,.o, ••• o, •••.• o,. 3 

Cooling, power ana.. •.••.••... o,.o,o, •• o,.o,...... 2 

Cooling system ••.••••.•••...•••.•••••••••.• 1 
2 

Core, 
Diagram of Nagnetic Switch •.•• o,....... 2 

5-4b(1) 
5-4b(2) 
5-4c(2) 

5-4b(1) 

5-4a 

6-9 

5-4d 
4-6 

1--6f 
4-6d 

1-1a.gnetic ..• o, .••••• o, ..... o, .•• o, •••••••••• 2 4-1c 

Core material, Hysteresis loop of •••••••••• 2 

Core s:ym.bols ••••.• o, •••• o,.o,o, •••••••• o, ••• o,.o,. 2 
Counter, Repeat (B ) ••••••••••••••••••••••• 2 4-2c 

7 

C-register ••••••••••••••••••••••••••••••••• 2 4-5a 

Current Diverter (type 9522) ••••••••••••••• 4 6-4e 

FIGURE 
T .lffiLB -*' 

5-28 

5-32 

5-32 
5-34 

5-26 
2-6 

5-6 

4-7 

4-8 

4-1 

Current Diverter (type 9522), waveforms •••• 4 6-19 

Current Generator (type 94l1) •••••••••••••• 4 6-4e 

Curremt Generator (type 94l1), Schematic 
Diagram . c 4' • C. .................... e _ • • • • • • • • •• 4 

Current GeneratorC type 94ll), waveforms •••• 4 

Diagrams, 
External Equipment •••••••••••••••••••• l2 
General Circuit ••••••••••••••••••••••• II 
Instruction Sequence and Timing ••••••• 9 
Logic and Command Logic ••••••••••••••• 8 

. Printer Circuit Schematic ••••••••••••• 20 

6-16 

6-27 

Con:...Dio 

PAGE 

5-95 
5-97 
:;;-97 
5-103 
5~107 

5-97 
5-107 
5-109 

5-92 
5-93 
2-8 
6-128 
5-15 
5-113 
4-223 

1-25 
4-232 

4-22 
4-18 

4-23 

4-14 
4-67 

4-204 

6-65 

6-67 

6-60 

6-62 

6-64 

-1-7 



Dig-Ext _ 

SUBJECT VOL 

Digit plane control circuits •••••••••••••• 2 

Diode card (type 85003) •••••••••••••.•••.•• 4 

Divide Step instruction (61) •••••••••••••• 1 

Division (s~quence) ••••••••••••••••••••••• 2 

Driver chassis, Converter ••••••••••••••••• 4 

Drive lines ••••••••••••••••••••••••••••••• 2 

Electric typewriter •••••••••••••.•••.••••• 3 
~intenance ••••••••••••••••.••••••••• 4 
Encoder •••••••••••••••••••••••••.•••• 3 

enter A instruction (11) ••••••.•.•••••.••• 1 

Enter B instruction (01) •••••••••••••.•.•. 1 

Enter Q instruction (21) •••••••••.•••••••. 1 

Equal Skip instruction (64) ••••••••••.•••• 1 

Equations and basic circuits, correlation of 
2 

Equations, 
Converter •••••••••••••••••••••••••••• 5 
Electric typewriter •••••••••••••••••• 5 
Logical ••••••••••••.•••••••••••••••• e. 2 
Paper tape •••.••••••••••••••••••••••• 5 
~in cOIIlputer •••••••••••••••••••••••• 5 

ExCiter/regulator ••••••••••••••••••••••••• 2 

ExCiter/regulator and motor/generato~ 
controls 0 ••••••••••••••••••• '0' • • • • • • • • • • • •• 2 

External disconnect •••••••••••• 0 •••••••••••• 2 

External equipment ••••••• o. . . . . • . • . • • • . . • .. 4 

External fault ••••••• 0..................... 2 

External function •••••••••••••••••••••••••• 2 
Codes •••••••••••••••••••••••••••••••• 2 
Instruction (70) ••••••••••••••••••••. 1 
Registe.r (F-register) •••••••••••••••• 2 

1-8 
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4-4c 

6-4f 

4-3g 

6-4f 

5-3b 
6-8 
5-3b 

4-lc 

7-3 
7-4 
4-1c 
7-5 
7-2 

4-6b 

4-5a 

6-4r 

4-2e 

4-5c 
4-5c 

4-5c 
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4-39 

4-.54 

NA VY r.l0DE L CXPK 
INDEX 

PAGE 

4-191 

6-82 

A-53 

4-143 

6-87 

4-159 

5-52 
6-127 
5-80 

A-13 

A-5 

A-21 

A-56 

4-34 

7-385 
7-532 
4-10 
7-603 
7-3 

4-22 

4-225 

4-205 

6-74 

4-90 

4-209 
4-210 
A-60 
4-209 
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-M VY MODEL ex PK 
INDEX 

SUBJECT VOL PffRA 

External function (con't) 
Sequence ............................. 2 
Translator (Paper Tape cabinet) •••••• 3 
Translator (Electric Typewriter 
cabinet) ............................. 3 

Failures, isolation of •••.•••••••••..••••• 4 

Fault controls ••••••••••••••••••••••••.••. 2 

Fault detection •••.••••••••.••••.••••.•.•. 2 

Feed Pulse shaper (type 85005) ••.....•.... 4 

Feed Pulse shaper (type 85005), 
Schematic Diagram •.•••.••••.•••••••.. 4 

Feed Pulse shaper (type 85005), waveforms. 4 

Floor area dimension and weights of 
maj or units •.••.•.•••••.•••••••••••••••••• 1 

Floor plan and elevation 
(refer to specific unit involved) 

F-register, (see also External Function 
register) ••••••••••.•••••••••.••••••••.••• 2 

First stage of ••••••••••••••••.•••.•• 2 

Fuse locations, circuit breaker and •••.••• 4 

Generators, Read Pulse •••••••••••••••••••• 2 

Generators, Transfer Pulse ••••.••••••••••• 2 

Glossary of abbreviations and terms ••••••• 1 

Greater Skip instruction (66) ••••••••••••• 1 

High Speed Mechanical reader, ••••••••••••• 3 
3 

Operation of ••••••••••••••••••••••••• 3 
Theory of Operation of ••••••••••••••• 3 
Timing chart •••••••••••••.•••••••••••• 3 

High Speed punch, •••.••••••••••••••••••••• 4 
3 

Operation of ••••••••••••••••••••••••• 3 
(Photo) ................ « ............... c .. .. ... 3 
Theory of Operation of ••••••••••••••• 3 

4-5c 
5-2g(4) 

5-3d 

6-11b 

4-2g 

4-2e 

6-4f 

4-5c 

4-2b 

4-2b 

1-2 

5-2d 

5-2f(2 ) 
5-2g(2) 

6-7d. 
5-2e 
5-2f(3) 

5-2g(3 ) 

FIGURE 

6-27 

6-28 

2-7 

4-53 

6-6 

5-7 

5-8 

5-9 

Ext-Hi-sJ 

PAGE 

4-211 
5-30 

5-59 

6-135 

4-97 

4-88 

6-82 

6-84 

6-86 

2-9 

4-209 
4-210 

6-ll8 

4-44 

4-44 

1-3 

A-58 

5-16 
5-17 
5-24 
5-27 
5-19 

6-123 
5,,:,21 
5-23 
5-23 
5-28 



Big-Ins 

VOL PARA 

High Speed Resynchronization delay 
(types 4009 and 4010) •.••••••••••••••••.•. 4 

Hysteresis loop for core material •••••••.• 2 

~Blvl I/O cable, •••••••••••••••••••••••••••• 3 
Card punch ••••••••..••••••••••••••..• 3 
Card reader ••••••••••••• It It It • • • • • • • • •• 3 
Magnetic Tape unit •••••••••••• ~ > ••••• 3 
Printer ............................... 3 

Identification system, chassis and wiring • 4 

Increase B instruction (04)................ ._ 

Index designator •••••••••••••••••••••••••• 2 

Index (B) Register, complete stage of ••••• 2 

Index (B) Register No.1, first stage of •• 2 

Index Skip instruction (05) .•••••••..••••. 1 

Indicator Display panel ••••••••••••••••••• 2 

Indicator information, control bit •••••••• 4 

Inhibit transformer (type 9622) •••••.••••• 4 

Input, (section) ••••.••••••••••••••••••••• 2 
Faul t ......................... .,....... 2 
Instruction ........................... 1 
Sequence ............................... 2 
Typewriter .............................. 3 
Register (I-register) •••••••••••••••• 2 
Register, first stage of ••••••••••••• 2 

Input/Output section ...................... '. 2 
1 

6-4d 

5-5 
5-5c 
5-5d 
5-5b 
5-5e 

6-3 

4-2c 

4-2f 

6-4e 

4-5a 
4-2e 

4-5a. 
5-3a(6) 
4-5a 

4-5 
1-5f 

Installation •••••••••••••••••••••••••••••• 1 2-1 
Acoustic reqUirements •••••••••••••••• 1 2-7 
Building and· space reqUirements •••••• 1, 2-3 
Cooling system reqUirements •••••••••• 1 2-5 
Illumination requirements •••••••••••• 1 2-6 
Power service requirements............ 1 2-4 

Iristruction code •••••••••••••••••••••••••• 2 4-2c 

Instruction modifiers ••••••••••••••••••••• 2 4-2c 

1-10 

FIGURE 
T.4.BLE ~:: 

4-8 

4-6 

4-27 

6-5 

4-51 
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6-125 

4-23 

5-li6 
5-121 
5-123 
5-117 
5-125 

6-10 

A-8 

4-58 

4-20 

4-67 

A-9 

4-95 

6-103 

6-70 

4-194 
4-88 
A-61 
4-195 
5-49 
4-195 
4-196 

4-194 
1-23 

2-1 
2-15' 
2-2 
2-13 
2-14' 
2-7 

4-58 

4-62 



.NA VY MODEL ex PK 
INDEX 

SUBJECT 

Instructions, 

VOL 

Add •••••.••..•••.•.••••••.•.•.....•.• 1 
Clear ..............•....•..•......... 
Complement ••••••••••••••••••••••••••• 
Erltero •••••••••••••••••••••••••••••••• 
EJcternal ••••••••••••••••••••••••••••• 
J1lII1p ••••••••••••••••••••••••••••••••• 

Logical product •••••••••••••••••••••• 
Read ••.•••••••••••••••••••••••••••••• 
Repertoire of ••••••••••.••••••••••••• 
Replace •••••••••••••••••••••••••••••• 
Sequenced ••••.••••••••••••••••••••••• 
Sequential presentation of ••••••••••• 
Shift ............................... . 
Skip ................•.•.•..........•. 
Stop .•...••.......................... 
Store ............................... . 
S'u.bsti tute •••••••••••••••••••••.••••• 
Subtract ............................. 
Tran.smi t •••••.•...•••..•...••••••..•. 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Instruction word, portions of ••••••••••••• 1 
2 

Interlock precautions ••••••••••••••••••••• 2 

Isolation of failures ••••••••••••••••••••• 4 

J1lII1p sequence, normal ••••••••••••••••••••• 2 

J1lII1p sequence, return ••••••••••.••••••••••• 2 

K-register (see Shift CoUnter) 

Less Skip instruction (67) •••••••••••••••• 1 

Level amplifier (type 85001) •••••••••••••• 4 

Level amplifier (type 85001), Schematic 
Diagram .................................... 4 

Level amplifier (type 85001), waveforms ••• 4 

Lights and control switches on switch panel 4 

Lights and switches on Bogart Switch panel 1 

Line Driver (type 4012) ••••••••••••••••••• 4 

tbad A, Add Q instruction (35) •••••••••.•• 1 

PARA 

1-4e 
1-4i 
1-4g 
1-4a 
1-4u 
1-4~ 
l-~·m 
1-4b 
1-4 
1-4d 
1-40 
App ~r:.. 

1-4k 
1-41 
1-40 
1-4; 
1~4h 
1-4f 
1-4j 

4-2f 

6-11 

4-2d 

4:-2d 

6-4f 

6-4g 

FIGLB.:::: 
~:s~:; 

1-2 
4-23 

6-22 

6-23 

6-31 

3-2 

Ins -[.J);J 

1-12 
1-14 
1-14 
1-6 
1-16 
1-16 
1-15 
1-6 
1-5 
1-10 
1-16 
A-1 
1-14 
1-15 
1-17 
1-9 
1-14 
1-13 
1-14 

1-7 
4-60 

4-95 

6-135 

4-84 

4-84 

'A-59 

6-74 

6-77 

6-78 

6-107 

3-16 

6-92 

A-33 



Lea-Mag 

~~"'7''''''-: ::> ..... .:::>-,.....j"'_ 

Loe.:5. P. instructio:2 (12~' .•••.••••••••••..•• 1 

Lo~ A, Subtract Q instr~ction (45) ....... 1 

Losd. 5 instruction (02) ••••••••..•••.••••• 2 

Load. check fault ••••••••••••••••..•••••••. 2 

Load mode sequence ••...•••••••••.••••••••• 2 

Load Q instruction (22) ••••••••.•••••••••• 1 

Logic Diagram of _~ circuit •••••••••••••• 2 

Logic Diagram of Aim I';OT circuit •.•••••••• 2 

Logic Diagram of OR circuit ••••••••••••••• 2 

Logic symbols, standard •••••••••••••••.••• 2 

Logical equations ••••••••••••••••••••••••• 2 

Logical organization (of the computer) •••• 2 

Logical Product instruction (50) •••••••••• 1 

Log~cal Product (sequence) •••••••••••••••• 2 

Logical sequences for Bogart instructions • 4 

Long Shift instruction (16) ••••••••••••••• 1 

Long transfer ••••••• c •• c c ••••••••••• c • • • •• 3 

Low-speed oscillator controls ••••••••••••• 2 

Low-speed oscillator (type 4013) •••••••••• 4 

Low-speed oscillator (type 4013), 
Schematic Diagram ••••••••••••••••••••••••• 4 

Lubrication, 
Converter •••••••••••••••••••••••••••• 4 
Paper Tape cabinet ••••••••••••••••••• 4 
Typewriter cabinet ••••••••••••••••••• 4 

!v1a.gnetic core ••••••••••••••••••••••••••••• 2 

Magnetic core material, Hysterisis 
I,oop of •••.••••.•••••••••••••••••••••••••• 2 
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A-40 
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4-89 

4-200 

A-22 

4-17 

4-19 
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4-15 

4-10 

4-43 

A-43 

4-147 
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A-18 

5-97 

4-96 

6-92 

6-94 

6-132 
6-127 
6-l28 

4-18 
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~A VY ~IOOEL ex PK 
Ii\OEX 

SU3J:=CT VOL 

l·S2.gnetic Core Storage (see also lI1CS) •••••• 1 
Circuits ............................. 4 
System ............................... 2 

(·!agnetic S'ivi tch c2..l"i (type 3015) ..•...•... 4 

Magnetic S'ivi tch card .( type 3015) J 

Schemat ic Diagram. ••••••••••••••••••.•••••• 4 

L>Jagnetic Switch card (type 3015) J waveforms 4 

llTagnetic Switch core, Diagram of •••••.•.•• 2 

I·fagnetic Switching circuits ••••••.•.•••.•. 4 

Magnetic Tape test •••••••••••••••••••••.•• 4 

Magnetic Tape test (program) ••••.••••••••. 4 

Magnetic Tape test (parts _G. tlo..rou&1. G) 
(floiv charts) ••••••••••••••••••••••••••••• 4 

Ivlagnetic Tape unit ••••••••••••••••••••.••• 3 

[vrain .4dder •••••••••••• eo •••••••• , • • • • .. • • •• 2 
1 

Iv!.ain Computer: 
Cable COD.~:ections •.••.•••••••••.••••• 1 
Floor plan and elevation for •••.••••• 1 
i,Ia.intenance ........................... 4 
Cabinet J rear view ••••••••••••••••••• h 
Te st .. I .............................. a 4 
Test (program) ••••••••••••••••••••••• 4 
Test, part A through V (flow charts) • 4 

Main Control tr~~slator ••••••••••••••••••• 2 

fuin fault •••••••••••••••••••••••••••••••• 2 

Maintenance, (see also specific equipment 
involved) 

Converter •••••••••••••••••••••••••••• 4 
Electric Typewriter •••••••••••••••••• 4 
Main Computer •••••••••••••••••••••••• 4 
Programs ••••••••••••••••••••••••••••• 4 
Schedules •••••••••••••••••••••••••••• 4 

Manual operation, typewriter •••••••••••••• 3 

~ranual Set and Indicator card (type £-.1-L) •• 4 

1-5e 
6-4e 
4-4c 

6-4b 

6-11 

5-5b 

4-31" 
1-5c 

6-6 
I'" __ 

0-1.1. 

4-2e 

6-9 
6-8 
6-6 
6-10 
6-11 

S-3c 

FIGUTI 

6-2 

6-1 

6-4 

4-7 

2-9 
2-2 

6-32 

6-r:: 
6-35~:; 

4-28 

6-S 

1-22 
6-49 
4-157 

6-30 

6-29 

6-33 

4-22 

6-27 

6-235 

6-237 

5-117 

4-126 
1-19 

2-17 
2-4 
6-96 
6-114 
6-136 
6-139 
6-138 

4-74 

4-90 

6-128 
·6-127 
6-96 
6-129 
6-129 

6-35 
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Man-apr 

SUBJECT VOL 

Manual Set and Indicator card (type M-L), 
wavefoI"IIls ••••••••••••••••••••••••••••••••• 4 

Master Clear sequence ••••••••••••••••••••• 2 

Master Clock system ••••••••••••••••••••••• 2 

Ma.t~ix Plane, top view •••••••••••••••••••• 2 

MCS (see also ~~gnetic Core Storage) 
Circuits ••••••••••••••••••••••••••••• 4 
Control pulses ••••••••••••••••••••••• 2 

2 
Worst Pattern test ................... 4 

Memory Plane assembly ••••••••••••••••••••• 2 

MOdifications (see specific unit involved) 

Motor Generator ••••••••••••••••••••••••••• 2 
lv1a.intenance •.••••••••••••••••••••••••• 4 

Motor/Generator and ExCiter/Regulator 
controls •••••••••••••••••••••••••••••••••• 2 

MUltiplication, Binary and Octal tables ••• 1 

MUltiplication sequence ••••••••••••••••••• 2 

MUltiply Step instruction (60) •••••••••••• 1 

Normal Jump sequence ••••••••••••••••••••••. 2 

Numbering system, 
cabinet ••••••••••••••••••••••••••••••• 
terminal board •••••••••••••••••••••••• 
unit chassis ••••••••••••••••••• • eo ••••• 

Number systems, 
conversion from one system 

4 
4 
4 

to an~ther •••••••••••••••••••••••••••• 1 
discussion of .................. ~ ..... . 1 

Operation, •••••••••••. • • • • • • • • • • • • • • • • • • • •• 1 

Q-14 

Checking contents of a storage address. 1 
Clock ••••••••••• : ••••••••••••••••••••• 
Computer Console •••••••••••••••••••••• 
Main Computer ••••••••••••••••••••••••• 
Manual load. ••••••••••••••••••••••••••• 
Paper Tape Loaa mode .................. 

2 
1 
1 
1 
1 

PABA 

4-2d 

6-4e 

6-11 

4-6b 
6-5 

4-3g 

4-2d 

6-3a 
6-3c 
6-3b 

3-4e 
.4-2b 
3-4a 
3-3 
3-4d 
3-4b 

FIGURE 
TABLE :!;. 

6-6 

4-47 

4-49 
4-50 

4-48 

4-54 
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6-36 

4-86 

4-44 

4-173 

6-49 
4-177 
4-178 
6-226 

4-176 

4-225 
6-96 

4-2~5 

B-1 

4-139 

A-51 

4-84 

6-10 
6-11 
6-11 

B-1 
B-1 

3-1 
3-25 
4-45 
3-13 
3-2 
3-24 
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NA V1' ~10DEL CXPK 
INDEX 

SUBJECT 

Operation (con't) 

VOL 

Preliminary precautions ••••••••••••••• 1 
Preparation of Group I Input/Output 
Equipment ••••••••••••••••••••••••••••• 1 
Preparation of Group II Input/Output 
Equipment •••••••• ~ • • • • • • • • • • • • • • • • • • •• 1 
Shutting down the equipment ••••••••••• 1 
Starting the program •••••••••••••••••• :1 
Typewriter •••••••••••••••••••••••••••• 3 
Typewriter load ••••••••••••••••••••••• 1 
Turning on the equipment •••••••••••••• 1 
Warm-up time •••.•••••••••••••••••••••• 1 

Operating control circuits •••••••••••••••• 2 

Operating controls ••••••••••• ~ •••••••••••• 2 

OR circuit, basic ••••••••••••••••••••••••• 2 

OR circuit, Logic Diagram of •••••••••••••• 2 

OR input to transistor switch ••••••••••••• 4 

Oscillator circuit (type 4001) ••••••••••.• 4 

OSCillator, Low-Speed (type 4013) ••••••••• 4 

Oscillator waveforms (Clock) •••••••••••••• 2 

Output (section). •••••••••••••••••••••••••• 2 

Output Fault •••••••••••••••••••••••••••••• 2 

Output instruction (72) •••••.•••.••••••••• 1 

Output Register, (O-register) ••••••••••••• 2 
first stage of •••••••••••••••••••••••• 2 

Output s~quence ••••••••••••••••••••••••••• 2 

Output translator (ty:pewri ter) • '. • • • • • • • • •• 3 

Overall Logic Diagram of Bogart 
computing system •••••••••••••••••••••••••• 2 

Pane2, Console control ..................... 2 

Paper 'Tape, 
Load mode ••••••••••••••••••••••••••••• 2 
-Load controls ••••••••••••••••••••••••• 2 

PARA 

3-2 

3-3d 

3-3e 
3-5 
3-4b 
5-3c 
3-4c 
3-3 
3-3f 

4-2g 

4-2f 

6-4d 

6-4g 

4-5b 

4-2e 

4-5b 

4-5b 

5-3d(2) 

4-2f 

3-4b 
4-2g 

FIGURE 
T.ABLE :~ 

4-14 

4-5 

6-9 

4-21 

4-52 

2-4 ' 

Ope-Rap 

PAGE 

3-1 

3-6 

3~ll 

3-26 
3-20 
5-50 
3-22 
3-2 
3-13 

4-95 

4-90 

4-36 

4-19 

6-44 

6-45 

6-92 

4-50 

4-205 

4-89 

A-63 

4-205 
4-206 

4-207 

5-72 

2-28 

4-90 

3-20 
4-98 

1-15 



Pap-Pow 

SUBJECT VOL PARA 

Paper Tape cabinet, 
Cable connections ••••••••••••••••••••• 1 
Floor plan and elevation •••••••••••••• 1 
Rear view ••••••••••••••••••••••••••••• 4 

Paper Tape and Typewriter test •••••••••••• 4 

Paper Tape and Typewriter test (program) ••• 4 

Paper Tape and Typewriter test, Parts A 
through E (flow charts)· ••••••••••••••••••• 4 

Parity (redundant) bit •••••••••••••••••••• 3 

Phase relationships of Transfer and Read 
pulses ••••••••••••••••••••••••••••••••••••• 2 

Photoelectric Paper Tape reader (PER) ••••• 3 
3 

Theory of Operation of •••••••••••••••• 3 
Operation of •••••••••••••••••••••••••• 3 

Placement, 
Logic (chassis 10100-11700) ••••••••••• 5 
Logic (chassis 20100-20300) ••••••••••• 5 
Logic (chassis 30100) ••••••••••••••••• 5 
Logic (chassis 50100-50400) ••••••••••• 05 
Printed circuit card 
(chassis 10100-11700) ••••••••••••••••• 5 
Printed circuit card 
(chassis 20100-20300) ••••••••••••••••• 5 
Printed circuit card (chassis 30100) ••• ·5 
Printed circuit card 
(chassis 50100-50400) ••••••••••••••••• 5 

Power and cooling •••.•••••••••••••••••••••• 2 

Power distribution •••••••••••••••••••••••• 3 

Power distribution, primary ••••.••••••••••• 1 

Power supply, ••••••••••••••••••••••••••••• 1 
And distribution ••• ~ •••••••••••••••••• 2 
Circuit, +100 volt (type 4005) •••••••• 4 
Converter (maintenance) ••••••••••••••• 4 
Typewriter cabinet (maintenance) •••••• 4 

Power Supplies (also refer to specific 
unit involved) . 

'd:-16 

Paper Tape cabinet (maintenance) •••••• 4 
Electric Typewriter cabinet ••••••••••• 3 

6-11f 

5-2c 

5-2g(1) 
5-2f(1) 

7-2d 
7-4d 
7-5d 
7-3d 

7-2e 

7-4e 
7-5e 

7-3e 
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1-6e 
4-6b 
6-4d 
6-9b 
6-8b 

6-7e 
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2-18 
2-7 
6-24 

6-280 

6-283 

6-282 

5-111 

4-25 

5-14 
5-15 
5-26 
5-22 

7-349 
7-595 
7-632 
7-521 

7-367 

7-599 
7-634 

7-526 

4~223 

5-4 

2-11 

1-25 
4-224 
6-46 
6-131 
6-127 

6-125 
5-88 



:\..\ VY ~IODEL ex Pl\ 
10:DEX 

3U3J-::CT VOL 

Portlersof two (table) ••••••••••.•••••••••• 1 

P-register ••••••.••••••••.••.•••.•••••.••• 2 

Printed circuit card complement •••••.••••• 4 

Printed cirruit card (type 3015) .•.•.••... 2 

Printer (IBivI) •••••••••••.••••.••••••••.••• 3 

Program control circuits ••.••••••••••••••• 2 

Program control register (see also u-
register) •••••••••••••••••••••••••••••••••• 2 

Programi~g restrictions (type'v.riter) •••••• 3 

Programs, maintenance ••••••••••••••••••••• 4 

Protective mechanism ••••••.••••••••••••••• 2 

Paper Tape, ••••••••••••••••••••••••••••••• 3 
3 

~~lord •••••••••••••••••••••••••••••••••• 3 

Paper Tape cabinet, •••••••.••••••••••••••• 3 
3 

Rear view of ••••••••••••••••••••••••• 3 
Control panel •...••..•••••.•.•••••.•• 3 
External function codes •••••••••••••• 3 
External function translator ••••••••• 3 
Power supply •••••.••••••••••.••••••.• 3 

Pulse Discharger (type 9218) ••••.•.••••••• 4 

Pulse Discharger (type 9218), 
Schematic Diagram ••••••••••••••••••••••••• 4 

Pulse Discharger (type 9218), waveforms ••• 4 

Pulse Stretcher (type 9118) ••••••••••••••• 4 

Pulse Stretcher (type 9118), 
Schematic Diagram ••••••••••••••••••••••••• 4 

Pulse Stretcher (type 9ll8), waveforms •••• 4 

Pulse Stretcher (type 9122) ••••••••••••••• 4 

rulse Stretcher (type 9122), 
Schematic Diagram ••••••••••••••••••••••••• 4 

4-2c 

5-52 

4-2d 

4-2c 

6-11 

4-6c 

5-2b 

5-2a 

5-2g(4) 
5-2g(4) 
5-2h 

6-4e 

6-4e 

6-4e 
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6-11 
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PAGE 

C-l 

4-71 

6-25 

4-39 

5-125 

4-75 

4-57 

5-58 

6-134 

4-229 

5-6 
5-8 
5-9 

5-3 
5-4 
5-5 
5-7 
5-30 
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5-35 

6-58 
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6-61 

6-49 

6-50 

6-52 

6';'53 

6-55 
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Pu1-Rep _ 

SUBJECT VOL 

Pulse Stretcher (type 9l22)J waveforms •••••. 4 

Pulses, Read and Transfer •••••.•.••••••••••• 2 

Q Jump instruction (27) •••••••••.••••••••••• 1 

Q-register J ••••••••••••••••••••••••••••••••• 1 

As an arithmetic register •••••••••••••. ~ 
Second stage of ••••••••••••••••.••••..• 2 

Read and T~ansfer pulses J phase 
relationships of •••••••••••••••••••••••••.•• 2 

Read and Transfer pulse wave forms •••••••••• h 

Read circuit (type 4008) 
, 

••••• .a ............... ~ 

Reading a core from the ft 1" state ...... 2 
Reading a core from the " 0" state ...... 2 
Read next instruction sequence ......... 2 
Read Operand sequence .................... 2 

Res.i Pulse Driver (type 4004) ••••••••••••••• L 

Read / Write Drive line current transformer . 4 

Redundant (Parity) bit •••••••••••••••.•••••. 3 

Relay Pullers (type 85002) •••••••••••••••••• h 

Relay Pullers (one-half 85002)) 
Schematic Diagram ••••••••••••••••••••••••••. 4 

Relay Pullers (type 85002)J waveforms ••••••• 4 

Relay Suppression circuit (one-half type 
85004) ................................. '. . . . ... 4 

Relay Suppression c'ircuits (type 85004) 4 

Replace Add Logical Product instruction (55). 1 

Replace Add One instruction (34) •••••••••••• 1 

Replace Add Q instruction (37) ••••.••••••.•• 1 

Replace Logical Product instruction (54) 1 

Replace Selective Complement instruction (56) 1 

1:-18 
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NA VY ~IODEL ex PK 
INDEX 

SUBJECT 70L 

Replace Substitute instruction (57) •..•.... 1 

Replace Subtract One instruction ••••••••••• 1 

Replace Subtract Q instruction (47) •...•... 1 

Repeat instruction (07) ••••••••••.•.••••••• 1 

Repeat sequenc.e •••••••••••••••••••••••••••• 2 

Resume, External Function (typewriter) ••••• 3 

Resynchronizing circuits ••••••••••••••••••• 2 

Return Jump sequence ••••••••••••••••••••••• 2 

RPD Trigger circ~it (type 4003) •.••...•••.• 4 

Run control •••••••••••••••••••••••••••••••• 2 

Schematic Diagram (refer to Diagrams) 
Schematic or to specific circuit) 

Schematic Diagram, card type 3015 ••.••••••• 2 

Select register, Converter ••••••••••••••••• 3 

Selective Complement instruction (52) •••••• 1 

Selective Clear instruction (62) ••••••••••• 1 

Selective Jump control ••••••••••••••••••••• 2 

Selective Jump instruction (75) ••••••••••.• 1 

Selective Stop cont~ols •••••••••••••••••••• 2 

Selective Stop instruction (76) .••.••••..•. 1 

Selective Stop sequence •••••••••••••••••••• 2 

Sense Amplifier (type 9811) •••••••••••••••• 4 

Sense Amplifier ( type 9811) Schematic D.i..agr'aJn 4 

Sense Amplifier(type 9811) Waveforms ••••••• 4 

Sense A control •••••••••••••••••••••••••••• 2 

S~nseJump instruction (74) •••••••••••••••• 1 

4-2b 

6-hd. 

li-~C" . -0 

4-2g 

4-2d 

6 .. 4e 

4-2d 
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6-20 
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4-23 

5-59 

4-53 

4-83 
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4-97 

A-69 

4-98 

A-71 

4-85 

6-71 

6-74 

6-75 

4-87 

A-67 
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LSeq-S 

SUBJECT VOL 

Sequence, 
External Function ••••••••••••••••••••• 2 
Input ••••••••••••••••••••••••••••••••• 
Loa.d. mode ••••••••••••••••••••••••••••• 
Master Clear •••••••••••••••••••••••••• 
Normal Ju.mp ••••••••••••••••••••••••••• 
Ou.tput •••••••••••••••••••••••••••••••• 
Read Next Instruction ••••••••••••••••• 
Read Operand •••••••••••••••••••••••••• 
Repeat •••••••••••••••••••••••••••••••• 
Return Jump ••••••••••••••••••••••••••• 
Selective Stop •••••••••••••••••••••••• 
Skip •••••••••••••••••••••••••••••••••• 
Write ................................. 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

Sequences, Arithmetic •••••••••••••••••••••• 2 

Sequences for Bogart instructions, logical • 4 

Sequence, Program Control •••••••••••••••••• 2 

Shaper circuit (type 4002) ••••••••••••••••• 4 

Shift A instruction (15) •••••••••••••.•••.• 1 

Shift control circuit •••••••••••••••••••••• 1 
2 

Shift controls, four-place A and Q ••••••••• 2 

Shift controls, four-place for Q ••••••••••• 2 

Shift Counter •••••••••••••••••••••••••••••• 2 
2 

Shift"ing of A •••••••••••••••••••••• "......... 2 

Shifting, second level controls for ••••••••. 2 

Shift Q instruction (25) ••••••• ~ •• ' ••••••••• l 

Short transfer ••••••••••••••••••••••••••••• 3 

Signed numbers, representation of •••••••••• l 

Skip sequence •••••••••••• "................... 2" 

Special circuits ••••••••••••••••••••••••••• 4 

$:register (see, storage Mdres"s register) 
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PARA 

4-5c 
4-5a 
4-5a 
4-2d 
4-2d 
4-5b 
4-2d 
4-2d 
4-2d 
4-2d 
4-2d 
4-2d 
4-2d 

4-3g 

App G 

4-2c 

6-4d 
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4-3e 

4-3d 

5-4b(l) 

4-2d 

6-4 

FIGURE 
TJl..BLE ~:, 

4-37 

4-36 

4-34 

4-35 

~~AVY ~10DE L CXPK 
I:'~DEX 

4-211 
4-195 
4-200 
4-86 
4-84 
4-207 
4-82 
4-78 
4-83 
4-84 
4-85 
4-84 
4-81 

4-132 

G-l 
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A-17 
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4-122 

A-25 

5-101 

B-1 
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6-27 



0:A VY ~IODEL ex PK 
1l\DEX 

SUBJECT VOL P.LllA 

Standard chassis, front view ••...••.••••..• 2 

Standard chassis, rear view ••.•••.•......•. 2 

Step control ••••••••• ~ ••••••••••••••••••••• 2 

Stop sequence, selective ••••••••••••••••••• 2 
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