




























































































































Input to K 210 is an unconditional progression from A-B. 

Input © 220/221 . 
to K (sequence C} controls the B-C progress10n. 

v 211 , B sequence control delay 
202 

F , used on store instructions involving sequence C. 

/'?'\ 230/231 . 
Input "2J to K (sequence D} controls the B-D progression. 

203 . 202 
F , the inverse of F , means B-+ D, and is up for all instructions 

but those involving sequence C. 

Input @ to K 230 is an unconditional progression from C-+D. 

Input G) 231 204 231 . . 
to K (F V } clears the D sequence FF except on instructions 

involving no address. 

Input @ to K 220 controls the D-+C progression. The I/O Sequence Control FF 

(K44o/ 44 l} is up immediately on a 76 instruction (input one word to A}, 

or after the B sequence on 72 or 73 instructions. Thus, for 72 or 73 

the storage sequence progression becomes DBC-DC-DC, etc. 

Input @ to H 201 (sequence A} is used as a means of initiating the B sequence 

during enter or load modes. Notice that J 909 also clears the D sequence 

FF, since no instruction is read during either of these modes. 

Input @ to tt 221 is a Master Clear which effects a transfer to K 230 / 231 for setting 

up the D sequence. This is done in order to assure that an instruction is 

read when the computer is put in Run or Step. 

Note that sequence D is the only sequence not cleared by a master clear signal. The 

sequence C FF is cleared through the J 901 input to tt221 Each H term has an AND 

. t "th t - 031 d v 006 Th t . d" t 1 t" 6 inpu wi wo common terms, J an ese erms in ica e pu se ime 

during the last quarter of the associated storage cycle. At pulse time 7, then, the 
2-1 

corresponding V card reads out to clear the present sequence FF, and to initiate 

the next storage reference cycle. 
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ADDRESS SELECTION 

There are 4096 cores in each memory plane, and each core may be addressed by a 

discrete combination of one of the 64 horizontal and one of the 64 vertical drive lines. 

The 64 horizontal drive lines are connected, in groups of eight, to eight horizontal 

drivers; the 64 vertical drive lines are similarly connected. Current from the drivers 

may be directed or diverted, to one of the eight associated drive lines by means of eight 

diverter cards. Thus, the combination of eight drivers and eight diverters allows for a 

selection of any one of 64 drive lines, either horizontal or vertical. 

Storage Address Register 

The information for selecting one out of 4096 possible cores in each memory plane 

resides in the storage address register at the start of every SR cycle. As shown below, 

the 12 stages of the S register are divided into four octal groups. The highest-order 

group controls inputs to translators which select the horizontal read/write driver, the 

next lower group provides horizontal diverter selection, and the two remaining octal 

groups provide selection for the vertical read/write driver and vertical diverter. 

HORIZONTAL 
R/W DRIVER 

11 10 09 

Storage Translators 

HORIZONTAL 
DIVERTER 

08 07 06 

VERTICAL 
R/W DRIVER 

05 04 03 

VERTICAL 
DIVERTER 

02 01 00 

The storage translators interpret the contents of the four octal groups of S in order to 

provide inputs to the correct driver and diverter elements for each H and V selection. 

The storage translator will be discussed more fully under the Address Selection 

paragraphs dealing with the elements they affect. 
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R/W Driver Selection 

Each bi-polar read/write driver is connected to eight drive lines. The direction of 

the current in these lines is dependent upon whether the associated driver is in the 

read or write state, as determined by storage reference control. Production of this 

current is discussed under Electronic Theory of Memory Circuits, page 3-44. 

The method of selecting one of the eight R/W drivers is shown in figure 3-15. Note 

that the R/W drive selection for a given state of the three pertinent stages of the S 

register allows a total of three translators to be energized. Only two of these will be 

energized at any one time, however, since one translator is solely dependent upon the 

translation of S, whereas the other two are conditioned by the read and write phases of 

the SR cycle. It is the conditional translator which uitimately decides whether the 

current through the drive line shall produce a read or write pulse. 

The current source cards provide the source of d-c from which the selected driver 

draws the read-write current. A current of 400 ma is needed to shift the state of the 

memory core. Each current source card provides 100 ma of this current. The half 

current of 200 ma needed for the Hor V line is provided by a current step-up ratio 

of 1:2 delivered by the transformer on the driver card. 

The 64 Hor V drive lines cto not progress naturally from 00 to 77 (octal), but are 

interlaced after the pattern shown in figure 3-15. Note that an even-numbered driver 

has its eight drive lines interlaced with those from the successively higher odd-num-
0-0 0-1 0-2 0-3 0-4 0-5 

bered driver. Thus, G is interlaced with G , G with G , G with G , 

and GO-B with Go- 7 _ This does not affect the selection of any chosen core, but merely 

the physical location of that core within the matrix. This interlacing allows connec­

tions to the drive lines to be made more conveniently. 

The Tl-- translators select the horizontal R/W drivers (GOl-), while the TO-- cards 

perform the vertical R/W driver selection (Goo-). 
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NOTE 
511,10,a SELECT H OR1VERS 

S 5 ' 4 ' 3 SELECT V OOIVERS 

l y--o] CURRENT SOURCE 
CARO 

RN I 
DRIVER [ rt3 J [ r•2 J [ r11 J 

TRANSLATORS II' 1 J lj\ 

{ w320] 

1 
WRITE 

(FROM SRC) 

S II 
OR 

s5 

07 

17 

[ w 310 

T 
READ 

(FROM SRC) 

16 

06 

16 ADJACENT DRIVE LINES 
FROM GRP I ANO GRP 2 R/W DRIVERS 

05 04 

15 14 13 

510 
OR 

54 

03 

12 

02 

-

59 
OR 

53 

01 

II 

Figure 3-15. R/W Driver Selection 
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Diverter Selection 

The diverters determine which of the eight drive lines is to carry the R/W current 

through the 12 bit-planes. Stages s6• 7 ' 8 supply the information utilized by translators 

T 300 through T 305 to determine the horizontal drive line selected; S2' l, O are used in 

conjunction with T 200 through T 205 to select the vertical drive line. The eight hori­

zontal diverters (DlO-) and the eight vertical diverters (DOO-) are selected by a 

straightforward translation of the three bits of the S register which govern that par­

ticular set. Figure 3-16 shows the diverter selection. A translation choosing diver-

, ter four (D- 04) is represented as an aid to understanding the octal translation. 

-7 

11111 

58 

52 

-6 -5 

57 

51 

04 
r4 
24 
34 
44 
54 
64 
74 -3 

ONE OF THESE DRIVE LINES 
WILL BE ENABLED, CONTINGENT 
UPON THE R/W DRIVER SELECTION: 

- 2 - I -0 

100 (OCTALl: 4 

"o" 

56 

so 

"o" 

DIVERT 
(FROM SRC l 

Figure 3-16. Typical Diverter Selection 
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Inhibit Driver Selection 

An inhibit driver must be enabled if the selected core in the memory-plane associated 

with that driver is to remain in the "O" state; that is, if the core is not to be forced to 

a "1" by the write-current pulse (figure 3-1 7). The stage of Z controlling the inhibit 

translator must be a "1" if the translator is to be energized, and also, the inhibit phase 

from storage reference control must be in effect. A separate current source card, 
2--

1[ , provides d-c current for the inhibit driver connected to each memory-plane. 

PLANE 
11 

y 211 

z Ill 

PLANE 
10 

y 210 

z IOI 

• • • 

• • • 

PLANE 
6 

y206 

zo&1 

INHIBIT 
(FROM SRC} 

PLANE 
5 

y 205 

• • • 

• • • 

2 051 

Figure 3-1 7. Inhibit Driver Selection 
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ELECTRONIC THEORY OF MEMORY CIRCUITS 

The storage section performs non- logical functions such as amplification, pulse gen­

eration and switching. The card types are: 

drive generator (card type 51) 

diverter (card type 52A) 

selector (card type 53) 

current source (card type 54} 

inhibit generator (card type 55} 

sense amplifier (card type 56) 

The following paragraphs discuss the electronic theory of each of these card types and 

describe the interconnections of the cards to perform specific functions within the 

storage section. 

Drive Generator (Type 51) 

The drive generator (figure 3-18}develops the R/W current which is applied to the 

selected H and V wires. Two identical channels feed opposite ends of the primary 

winding of transformer TO 1. Each channel consists of transistor QO 1, connected as 

an emitter-follower, and transistors Q02 and Q03, connected in parallel as amplifiers. 

The input signal is an AND combination of two selector outputs. A -1 v input results 

in approximately Ov at the base of QOl. The emitter QOl is clamped to ground by 

CR03, so neither Q02 or Q03 conduct. Consequently, no current flows in the primary 

of T01. 

A -12v input signal causes QOl to conduct; however, the conduction is held below sat­

uration by feedback diode CROl. The negative voltage developed across R06 is applied 

to the bases of Q02 and Q03, causing these transistors to conduct. Current flows 

from the current sources through the emitters of Q02 and Q{)3 to the collectors, 

through the primary of TOl, to the current sources. The current pulse from the 

secondary of TOl, amplified by the step-down action of TOl, is applied to the Hand 

V wires of the memory plane assembly. It then flows through the selected diverter 

card and back to the secondary of T01. 

The polarity of the output current from TO 1 is determined by the direction of the 

current flow in the primary. The direction of current flow, in turn, is determined by 

the selected channel. For example, if channel A receives a -12v input, a read pulse 

is generated; a channel B input generates a write pulse. 
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Diverter (Type 52A) 

The diverter circuit (figure 3-19) serves as an electronic switch in series with an H 

or V wire of the memory plane assembly. The diverter consists of transistor QO 1, 

connected as an emitter follower, and transistors Q02 and Q03. One or the other of 

these transistors passes the current pulse on the H or V wire to which the diverter is 

connected, depending on the polarity of that pulse. 

A positive pulse passes one of the pairs of diodes CR03 and CR04, CR07 and CR08, 

CRll and CR12, etc., depending upon the driver selection, and passes Q02. A nega­

tive pulse passes one of the pairs of diodes CROl and CR02, CR05 and CR06, etc., 

and passes Q03. In either case, the current pulse is returned to the R/W driver. 

The bleeder networks of all the diverters are connected in parallel via terminals 11 

and 12. This connection equalizes the current flow through the bleeders and thus 

reduces heating. 

- 20V TP-C ,. ~ 

"' "' ~, a: 5 "' <.) <.) <.) 

10 
v 

II 
~ ~ t~ 

0 

?j ~l 
<.) <.) " v 

,_ 
~3 "' ~ "' ;r a: a: 

<.) <.) " " 
:3 ~g 
"' < " 

I}_ 
c.r 

~~ "' ~ "' ~ a: ~ r_ 
<.) <.) <.) 

.. >8 0 

"' 

"' "' ;;; "' ~ "' ?j <.) <.) 

-

-±::- ~ 
"' <.) 

'--J 

Figure 3-19. Diverter (52A) 
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Selector (Type 53) 

The storage translators drive type 51, 5 2, and 55 cards, each of which presents a 

different impedance level input than the standard logic card. For this reason, all 

storage translators employ the type 51 card. Each selector card consists of two iden­

tical selector circuits. A selector circuit (figure 3- 20) is similar to the standard in­

verter except that the resistance results in output signal levels of -1 v and -12v. Each 

selector circuit has two input diodes (CROl and CR02) and four output diodes (CR09, 

CRlO, CRll and CR12). 

-20V 
R07A CR09A 

ROIA -20V 
-20V 2200 TEST POINT A 

CROIA ROSA CR SA CAtOA 4 -=-

+20V 
CR07A CRllA 

R02A 
-2ov 

CR02A COIA CRl2A 6 
coc 102 

100 
QOIA 

coc 103 
Q02A 

CR09C 

+zov 

R07C CRIOC 10 
ROIC -20V 

-20V 2200 TEST POINT c 
NOTE 

CROIC R08C CROSC CRllC II UNLESS OTHERWISE INDICATED 
ALL DIODES ARE TYPE Tl-G 

10,000 POLARIZED~ 
R09C 
1000 

CR07C CRl2C 12 
R02C 

-20V RIOC 
220 

CR02C COIC 
CDC 102 

100 
QOIC 

Rl/C 
22,000 

coc 103 
Q02C 

+20V -=-

Figure 3-20. Selector (53) 
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Current Source (Type 54) 

The current source card (figure 3-21} consists of five banks of parallel resistors. 

The effective resistance of four banks is 150 ohms each; that of the remaining bank 

is 303 ohms. One end of each bank is connected to the - 20v output of the power sup­

ply. The 150-ohm banks supply current to the H, V and inhibit current generators; 

the 303-ohm banks usually supply current to a dummy load.':' 

9 

TEST POINT A 

ROI R03 BOil RCYl R09 RI! 
1200 1200 1200 raoo r:roo !200 

Rl7 fl\9 R2l 
t200 1200 1200 

RIB R20 "22 
1200 !WO 120<> 

R34 
2700 

TEST P<»NT C 

Rill 
1200 

ltl6 
1200 

R3.I 
1200 

Figure 3-21. Current Source (54} 

t3 
-aov---___,-u 

14 

Nm'I!• 

tM.EllS tn- ----T'l!P!!: l't-6 ~~-

':' Cards are standard types for use in various computers. The subject computer does 

not use a dummy load, therefore the 303-ohm banks are not connected. 
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Inhibit Generator (Type 58) 

Each inhibit generator card (figure 3-22) has two generator circuits which are similar 

to the type 51 drive generator channels except for the absence of an output transformer. 

The output of each channel is independently connected to a terminal of the card. 

A -12v input signal to either generator of a type 58 card causes QOl to conduct and thus 

enable Q02 and Q03. Current from the external source connects to the generator via 

terminal 6 or 12 and passes through Q02 and Q03 to ground. 

RO/A 
-20V 

R02A 

ROIC 
-2ov 

R02C 

CR02A R05A 
---2ov • •I 

CROIA 

+20V 

47 TEST POINT A 

CDC 104 
Q03A 

CR02C R05C 
---20V~·-------mo> 

CROIC 

+20V 

4 7 TEST POINT C 

CDC 104 
Q03C 

R07A 

39n_ 

R07C 

Figure 3-22. Inhibit Generator (58} 
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Sense Amplifier (Type 57) 

The sense amplilier (figure 3-23) amplifies the signal from a memory plane (pins 2 and 

4) as the result of a read pulse. Transistors QOl, Q02, Q03, and Q04 form a differ­

ential amplifier which feeds Tl through coupling capacitors C02 and C03. The 

secondary of Tl is connected to a bridge detector so that the signal polarity at @ is 

always the same. The Q05 network is a standard inverter circuit providing normal 

output logic levels of -3. Ov and -0. 5v. 

Gain from the differential amplifier for the common mode component of the input signal 

is about 2; for the differential mode component, across R06 - COl, gain is about 100. 

Detector bias is determined by the Margin switch on the console. With the switch at 

HI, the +20v applied to pin 1 raises the reference level of the detector making it less 

sensitive; weak signals tend to be dropped. With the switch at LO, -20v appears at pi;:i 1 

and the detector is more sensitive to spurious pulses. No connection to pin 1 is made 

when the switch is in the normal, center position. Pin 6 is connected to the diverter bus 

(-7. Ov) to provide bias for input transistors QOl, Q02. The output from Q05, as the 

result of a "1" signal on the sense lines, is -0. 5v. 

ROI 
470 

R02 
470 

+20\1 

TP-B iP-C 

002 RI\ 
coc !04 47n 

004 
CDC t03 Rt7 

2200 

-2:01/ 

Figure 3-23. Sense Amplifier (57) 

3-·46 

NOTE 
UNLESS OTHERWISE INDICATED 
ALL DIODES AR£ TYPE Tl·G 
POLARIZED~ 



ARITHMETIC SECTION 

BINARY ARITHMETIC 

The binary number system is the basis for the representation and manipulation of all 

information within the computer. Only two digits, "O" and 11 1 11 , are used in this sys­

tem. This characteristic is fundamental to computer operation since it permits the 

assignment of a pair of conditions, in this case voltage levels, to be sufficient to 

encode data presented in binary form. A voltage of -3. Ov represents a 11 1 11 ; a voltage 

of -0. 5v represents a 110 11 • 

A binary number uses the digit 2 as its basis of notation (radix) in the same manner 

that a decimal number uses 10. To illustrate, the decimal number 653 breaks down 

as follows: 

6 x 10 2 + 5 x 10 1 + 3 x 10° = 600 + 50 + 3 

Similarly, a binary number such as 1011 can be analyzed: 

1 x 23 + 0 x 22 + 1 x 21 + 1 x 2° = 8 + 0 + 2 + 1 

which is equivalent to decimal 11. 

TABLE 3-1. DECIMAL AND BINARY EQUIVALENTS 

DECIMAL BINARY DECIMAL 

0 00000 8 

1 00001 9 

2 00010 10 

3 00011 11 

4 00100 12 

5 00101 13 

6 00110 14 

7 00111 15 

16 

Binary numbers are added together according to the following rules: 

o+o o 1+0 1 

0 + 1 = 1 1 + 1 = 0 with a carry of 1 

BINARY 

01000 

01001 

01010 

01011 

01100 

01101 

01110 

01111 

10000 

The addition of two binary numbers proceeds as follows (the decimal equivalents 
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verify the result): 

Aug end 

Addend 

Partial Sum 

Carry 

Sum 

0111 

+0100 

0011 

1 

1011 

(7) 

+(4) 

(11) 

Subtraction may be performed as an addition. These decimal examples illustrate 

this method: 

8 (minuend) or 8 (minuend) 

-6 (subtrahend) +4 (lO's complement of subtrahend) 

2 (difference) 2 (difference - omit carry) 

The second method shows subtraction performed by the "adding the complement" 

method. This process is proved in the following identities: 

8 - 6 = 
8 + (10-6) - 10 = 2 

8 + 4 - 10 

The omission of the carry in the illustration has the effect of reducing the result by 

10. 

The method of complementing a binary number, known as the one's complement, is 

formed by subtracting each bit of the number from 1. For example: 

1111 

-1001 

0110 

( 9) 

(one's complement of 9) 

The one's complement of a binary number may also be formed by substituting 11 1 's" 

for "O'sn and "O's" for "l's" in the number. 

ARITHMETIC OPERATIONS 

Arithmetic in the computer is accomplished through a subtractive adder. That is, it 

adds A to B by subtracting the complement of A from B. For example, adding the 

binary numbers 
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B 

A+ 
001001 

0 0 1 1 0 1 

010110 

( 9 decimal, 11 octal) 

(13 decimal, 15 octal) 

(22 decimal, 26 octal) 

is actually accomplished by subtracting, as shown below. 

B .-cfO 1+-00 1 

A- 110010 

[o to i 1 ~] 

The long arrow indicates that an "end-around borrow" must be made from the first 

stage, since the last stage was unable to satisfy the borrow made when 1 was sub­

tracted from O. The final total, then, is 

010110 

In the above example, the curved arrows indicate that the borrows must be made 

from the next higher-order stage. The arrow between the two octal groups represents 

the existence of a "group borrow", where the last stage in a group cannot satisfy a 

borrow made upon it (or within that stage itself), and so must propagate the borrow 

to the next higher group. 

Subtraction is performed by subtracting the true value of the subtrahend (not its com -

plement) from the minuend, as shown below. -Minuend 0 1 0 1 1 0 (22 decimal, 26 octal) 

Subtrahend 0 0 1 0 1 0 (10 decimal, 12 octal) 

0 0 l 1 0 0 (12 decimal, 14 octal) 

The curved arrow again indicates a "stage borrow". 

THEORY OF THE BORROW PYRAMID 
The borrow pyramid is a device used to generate and recognize the borrow signals. 

These are pyramided from each stage level to the octal group level and back to the 

stage level so the final state of each bit in the answer can be decided. 

Shown below are the four possible states of a one-bit minuend and subtrahend. A bit­

by- bit subtraction results in the remainders indicated. 

minuend 1 1 0 0 

subtrahend 1 0 1 0 

difference 0 1 1 0 
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Note that in the bit-by-bit subtraction, only one case in four finds the minuend unable 

to satisfy the subtrahend. This is where the minuend = 0 and the subtrahend = 1. 

Thus, it may be stated that whenever 1 is subtracted from 0, a borrow is generated, 

and this borrow must be propagated to the next higher-order stage. 

Two cases produce a remainder of 0. This means that, after the initial bit- by-bit 

subtraction, that stage will be unable to satisfy a borrow made upon it by some lower­

order stage, and must pass the borrow on to the next higher-order position. These 

cases exist whenever 1 is subtracted from 1, or when 0 is subtracted from O. The 

act of transferring an unsatisfied borrow signal to the next higher stage is termed an 

"enable". Thus it may be stated that an enable is generated whenever the bit in the 

minuend and the bit in the subtrahend are the same. In the remaining case, where 0 

is subtracted from 1, the minuend is able to satisfy the subtrahend and also a borrow, 

if necessary. 

Stage-Generated Signals 

The above rules have been concerned with the subtrahend, which is the complement 

of the number actually involved in the arithmetic process. Building these rules 

around the addend, they become: 

1) When corresponding bits in the two operands are both zero, a borrow is 

generated. 

2) When corresponding bits in the two operands are unlike in value, an enable 

is generated. 

These functions are shown diagrammatically below. Note that the quantities A and B 

may have two values ( in binary notation), either 1 or 0, It is convenient to represent 

the presence of a quantity, e. g. , the quantity B, by the symbol "B 11 , and to show that 

the quantity does not exist (is "O") by the symbol B. The latter is the Boolean alge­

braic expression meaning, in fact, NOT B. 

B 

A B A 
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The small circle at the juncture of the symbol leaders and the arrow shaft indicates 

the logical AND function, which will be a "O" whenever either of the terms shown is 

a 'b". 

Group Borrow Signal 

By definition, a group borrow signal is generated whenever higher-order stages (if 

any) in an octal group cannot satisfy a borrow generated within that group, and must 

pass the borrow signal on to the next higher group. The conditions creating a group 

borrow are shown below. 

BOR 

EN 

N+2 

GROUP 
BORROW 

BOR BOR 

EN EN 

N+I N 

The leftmost input to the group borrow block is satisfied when the highest-order stage 

in that group (stage N+2) generates a borrow signal. The middle input is completed 

whenever the second (N+ 1) stage generates a borrow and the last stage has an enable 

signal present. The right-hand input shows that a borrow from the lowest stage (N) 

will produce a group borrow only when it is accompanied by enable signals in both 

the higher-order stages. A general rule may be made to cover these cases: 

A group borrow is generated whenever a stage borrow is accompanied by stage 

enables in the higher-order positions (if any). 
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Group Enable Signal 

If each and every stage in a group contains an enable signal, a group enable is gene­

rated as shown below. 

EN 

N+2 

GROUP 
ENABLE 

EN 

N +I 

EN 

N 

The rules presented above apply regardless of the number of stages or groups in­

volved, for a subtractive pyramid. The three-stage (octal) group is suggested 

because it preserves the identity of the octal group associated with the binary number 

system. 

PYRAMID OPERATION 

Three signals are used in conjunction with each pyramid operation to set the proper 

value for the final total into the B register FFs. The first of these signals, CLEAR, 

sets every stage of B to zero. The second signal, TOGGLE, sets a stage to "l" if 

an enable exists in that stage due to R and Q being unlike. The third signal, PROBE, 

may clear a toggled stage, or set an initially cleared stage, or leave a stage in its 

latest state, depending upon certain conditions existing within the pyramid. The logic 

involved in these three signals can best be appreciated by some concrete examples of 

addition. 

In the following examples, all stages are labeled as generating enables (E), borrows 

(B), or no enables (NE). The borrow condition is really a no enable case, but B is 

used for distinction. The prime question to decide in resolving the final answer - -

having been committed to initially clearing each stage of B - - is this: How does the 

final answer in the B register differ from all "O's" in that register? Stages which 

contain "l" are marked by an asterisk. 
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Example 1 

E B B NE B B E B NE NE B E 

1/0 0 1----0~0~0~0 1 1-----0 0 2316 (44148) 

0 0 1 1 0 0 1 0 1 1 0 1 813 (14558) 

1 1 0 0 0 0 1 1 1 0 0 1 3129 (60718) 

'~ ,~ -·- '::: :::::: ,~ ,,. 

Example 2 

I 
'NE B E B NE B E E E E E E 

0 0/0 1----0 0 1 0 1 0 1 1 299 .. (04538) 

0 1 0 1 0 1 0 1 0 1 0 1 1365 (25258) 

0 1 1 0 1 0 0 0 0 0 0 0 1664 (32008) 

-·- ..... ~:: ,,. .,. 

If each stage indicated by an asterisk in the above examples is examined to determine 

what conditions originally existed in that stage and also, what conditions act upon that 

stage, two general rules may be evolved: 

1) A stage generating an enable signal is left in the "O" state unless acted 

upon by a borrow (B) or a passed borrow (PB}, in which case the stage is 

set to "1". 

2) A stage not generating an enable signal is set to "1" unless acted upon by a 

borrow or passed borrow. 

The term "passed borrow" is used to express the condition where a borrow is not 

generated in an adjacent lower-order stage, but is propagated from some remote 

lower-order stage as the result of one or more intervening enable positions. 

Rule 1 means that some provision must be made for complementing all stages which 

generate enable signals, since those stages were set to "1" by the toggle function, 

unless they are acted upon by a B or PB. Rule 2 means that all stages generating NE 

signals must be set to "1" (or complemented, since they are still in the cleared state} 

unless acted upon by a B or PB. A third all-inclusive rule is apparent. 
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3) During the probe function, all stages are complemented unless acted upon 

by a borrow or passed borrow signal. 

It is now merely necessary to determine whether or not a particular stage has a B or 

PB signal acting upon it. This fact is determined by the group borrow input and stage 

probe input cards. 

Group Borrow Input 

A group borrow input card is associated with each of the four 3-stage octal groups 

comprising the pyramid. The philosophy of the group borrow was examined earlier, 

and is the same here, except that it is expanded to encompass four inputs instead of 

the three needed at the octal-group level, as shown below. 

Once again, the group borrow input is realized if a borrow is generated in an 

adjacent lower-order group, or in some remote group if accompanied by intervening 

group enable signals. 

Because of the inverter logic used in the pyramid, if an enable or borrow signal 

(group) exists, outputs from the group enable and group borrow cards are "O". To 

implement this logic, the following device is used. 

TO GROUP 4 
STAGE PROBE INPUTS 

B 
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An output to the group 4 stage probe inputs will be "l" only when all GBI4 inputs are 

down. Examination of the four situations which prompt a borrow from group 4 reveals 

that in every case, at least one of the terms provoking the borrow is present at each 

of the inputs to GBI4: 

Borrow from group 3, identified by 133, B 

Passed borrow from group 2, - E 3, TI2, TI 

Passed borrow from group 1, - E 3, E 2, 131, B 

End-around borrow from group 4, - E 3, E 2, E 1, 134, B 

The same analysis may be applied to any of the other group borrow inputs. 

Stage Probe Input 

As explained previously, outputs from the stage probe input cards are used to com­

plement the corresponding B register FF when no borrow exists. A borrow, then, 

must force the SPI card to a !!Off. The diagram below shows the three SPI cards for 

the fourth octal group (stages 9, 10, 11) of the B register. 

COMPLEMENT 
B11 

S89 

SB9 
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The center input in each case is the only one controlled by the group borrow input. 

Other inputs (if any) involve intra-group borrow signals. Thus, SPI11 will be forced 

to "O" by an intra- group borrow from stage 10 (SB 10), or by SB 9 with an accompany­

ing enable from stage 10 (SE 10). Finally, SPI 11 will be forced to "O" by a group 

borrow input from the fourth group, when accompanied by intervening enables from 

stages 9 and 10. 

Final Total 

Example 3 shows how the actual state of every stage of the B register is changed for 

each of the three signals CLEAR, TOGGLE, and PROBE. The quantities from Exam -

ple 2 are used for consistency. Asterisks mark the stages which are changed by the 

PROBE. 

Example 3 

B E B NE B E E E E E E NE 

0 0 0 1 0 0 1 0 1 0 1 1 

0 1 0 1 0 1 0 1 0 1 0 1 

0 0 0 0 0 0 0 0 0 0 0 0 CLEAR 

0 1 0 0 0 1 1 1 1 1 1 0 TOGGLE 

0 1 1 0 1 0 0 0 0 0 0 0 PROBE 
,,_ 

'~ 
,c ::~ ::~ ::::: ,,, ::::: .,, .,, .,, 

The over-all structure of the borrow pyramid is seen in figure 3- 24; figure 3- 25 

shows Example 2 in terms of the logic elements affected ('' 1" outputs) in the pyramid. 
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PYRAMID CONTROL 

The operands upon which arithmetic functions are to be performed are introduced into 

the base of the pyramid through two sets of inverters carrying the desig~ations R 

and Q . During each pyramid operation no more than one input to each set is 

enabled, and that input is selected according to whether the ensuing problem involves 

an arithmetic operation, transfer, or shift. These are the basic functions of which 

the pyramid is capable. 

Pyramid Inputs 

One R and one Q inverter is associated with each of the 12 pyramid stages. Each 

inverter has four inputs. These eight inputs may be combined in various ways to 

produce 13 pyramid-control commands, as shown in table 3-2. 

TABLE 3-2. PYRAMID COMMANDS 

TYPE COMMAND R Q 

r 
P + 1-B +l p 

P+ z-B +ZL p 

A+ 1-B +1 A 

Arithmetic A+ z-B +Z A 

p - z-B -z 
L 

p 

A - Z-B -z A 

Fixed Multiply (Ax 10 decimal) A• 21 A• 23 

{ A-B A 

Transfer -Z-B -z 

+Z-B +Z 

{A left 1 A• 21 

Shift A left 3 (octal shift) A• 23 

Z left 1 (shift replace) z z 

Input Control 

Figure 3- 26 describes the four inputs to the R and Q inverters. First-level control 

for each of the functions resides in two W elements, one controls the lower six 

stages of the pyramid, the other the upper six stages. The two control elements may 
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act together to bring the entire contents of a register into the pyramid, or they may 

act individually to enter only the upper or lower half of the register. This decision 

is a function of the instruction word operation code (F) as expressed by the function 

translator. 

Note in figure 3-26 that the lowest stage of R does not contain a +1 control but that 

the -z input is duplicated in order to fill up the R inputs. This omission is explained 

by the fact that the + 1-R function really deters the pyramid inputs to all but the first 

stage. 

. ... 
wo91 

'-------+-~,_..,,__-'- + l~R 

,,------r---+-+...--'--woe1 _ z ~ 
,....,_ _____ _,__-+-.,_ __ wo11 + Z--;..R 

z101 

z100 

Qlll 

A 2' 

zos1 

zoso 

0001 

~---1----+--+---+..-W 101 A-2 3 

r+----t--+---+-~-wos1 z-....o 
wo51 

~+--+-----+--+-.,._-+---t- P-+ Q 

--'>----..-----+-<o--1--___,-_,__Wo41 A-+ Q 

A080 

z110 

pl!O p060 

A030 

zoso 

. ... 

zo51 

zooo 

p050 

zOll 

zo10 

AIOO 

,003 

zOOI i 
zoo1 

FUNCTION 
DUPLICATED 

z000 TO FILL UP 
INPUT PINS 

zo10 zooo 

pOIO pOOO 

AO/O Aooo 

Figure 3- 26. Pyramid Inputs (R & Q Inverters) 
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INPUT-OUTPUT SECTION 

INTRODUCTION 

The input-output section of the computer provides the methods for data exchange and 

for proper control of information transmission between the computer, the various 

external equipments, and the reader and punch. 

Two cables, one input and one output, link the external equipment to the computer. 

All information from the externally located peripheral equipments must enter or leave 

the computer through one of these cables. The paper tape reader and punch, however, 

being integral to the console cabinet, do not connect to the I/O cables. 

Information passes between the computer and the external equipment as a block of in­

formation at a word-by-word rate. The speed of the particular equipment in communi­

cation with the computer determines the data exchange rate. 

INFORMATION CABLES 

Each information cable contains 23 twisted-pair information or control lines and one 

common ground line. Line assignment for the two cables appears in table 3-3. Since 

the cables are identical in construction they are interchangeable with respect to physi­

cal connection to the computer as well as to the function they perform. Table 3~4 

outlines the function of each wire of the input and output cables. 

Data appears on the communication lines as one of two d-c voltage levels: The binary 

"1" condition is Ov, the binary "O" condition is - l 6v. All binary digits of a word 

appear simultaneously on the wires of the output or input cable. 

Double connectors in each external equipment allow more than one device to be con­

nected to the computer. Unique select codes sent by the computer determine which 

equipment attached to a cable shall communicate with the computer. 
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TABLE 3- 3. PIN ASSIGNMENTS, INPUT I OUTPUT CABLES 

Input Cable 

Bit 0 Input Status 
and Information 

1 1' 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Input Ready 

Input Request 

Input Active 

Input Disconnect 

Ground 

Pin 

A 

B 

c 
D 

E 

F 

H 

J 

K 

L 

M 

N 

p 

R 

s 
T 

u 
v 
w 
x 
y 

z 
a 

b 
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Output Cable 

Bit 0 Output Function 
and Information 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 If 

Information Ready 

Output Resume 

Function Ready 

Master Clear 

Output Active 

Ground 



TABLE 3-4. INPUT AND OUTPUT CABLE LINES 

Input Cable Lines 
Input Data and 
Input Status 
(12 lines) 

Input Ready 
(1 line) 

Input Request 
(1 line) 

Input Disconnect 
(1 line) 

Dual Purpose: 
1) As data lines they hold equipment input register contents which 

the computer may sample. 
2) As input status lines they indicate equipment's response to status 

request interrogation. 

Indicates that the external equipment contains information which the 
computer may sample. (Computer resync circuits are oriented 
about the leading edge of the ready signal. ) 

Indicates to external equipment that computer has accepted input 
word. This line is turned off by input ready. 

Indicates to computer that input device has no more data to deliver. 
Computer is then free to resume main program with no further delay. 
(Generally the input instruction establishes a storage field block of 
greater capacity than the anticipated input information block.) 

Output Cable Lines 
Output Data and 
Output Function 

. (12 lines) 

Function Ready 
(1 line) 

Information 
Ready 
(1 line) 

Output Resume 
(1 line) 

Master Clear 
( 1 line) 

Input Active 
(1 line) 

Output Active 
(1 line) 

Continuously monitored by all equipment. 
Dual Purpose: 
1) As output data lines they hold output word which the external device 

may sample. 
2) As output function lines they carry external function (EXF) codes 

to select or sense a condition within the equipment. Function 
ready alerts the equipment to sample EXF code. 

Accompanies EXF code; turned on by instruction 75 and causes the 
equipment to examine EXF code. It is turned off by an output resume 
from the external equipment. 

This signal accompanies the output data word from the computer and 
is turned on when the computer has a word of information ready for 
the external equipment. It is turned off by an output resume from 
the equipment. 

This signal is turned on when the external device has accepted the 
output word or EXF code. (The computer resync circuitry orients it­
self about the trailing edge of the resume; when the signal drops the 
word is exchanged. ) The computer prepares a word while the signal is up. 

This signal clears all external equipment. It occurs when the Load­
Clear switch at the console is in the Clear (down) position. 

Permits high-speed transfer (78KC max) of input information when 
external device is suitably equipped. 

Permits high-speed transfer of output information when external device 
is suitably equipped. 
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EQUIPMENT SELECTION 

The computer controls the operation of its external equipment by issuing 12-bit function 

codes. See code listing in chapter 1. This process, initiated by the EXF (75) instruc­

tion, selects a 12-bit code located E positions forward of the current instruction address 

and places it on the output lines together with a function ready signal. Although each 

external device examines the code, only the particular unit directed by the code responds 

to it. After responding to the code the external equipment returns a function resume 

signal to the computer. 

The upper 6 bits of the function code (unit designator':') select a specific external equip­

ment and the lower 6 bits (function designator) specify the function. The unit designator 

provides the computer with 64 distinct combinations for selectrng various external 

control units. The function designator tells the selected unit what action is requested 

of it. 

Status Request Responses 

The interrogated equipment replies to a status request with a 12-bit status response 

signal on the input cable. The computer processes this response through an input 

instruction (73 or 76) followed by program control. 

If more than one status request response code appears, the result and code recognized 

by the computer is the sum of the transmitted codes. For example, if the magnetic 

tape unit makes the following responses, 

0004 000 000 000 100 

0020 000 000 010 000 

0040 000 000 100 000 

000 000 110 100 

0 0 6 4 

the resultant code, 0064, must be analyzed by the programmer to determine which 

codes responded and what conditions exist in the unit. 

>:<Unit designators in machines built before June 1961 operate in a 2-out-of-6 coding 
scheme (15 selections possible), and will not accommodate the full 6-bit unit selecti 
unless modified. 
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INPUT-OUTPUT CONTROL 

The input-output con,rol system (figure 3-29} consists of I/O Sequence Control, Wait, and 

Function Ready FFs, I and the resync circuits which handle signals from external equipment. 

Res nchronization S stem 

The resynchronizati n system permits a signal generated outside the logic circuits of 

the computer to be sjnchronized with those circuits. This is possible because the in­

coming signal is of 1. ng duration as compared to the logic pulses. Specifically, the 

purpose of resynchr nizing is two-fold: to convert a signal which is asynchronous with 

respect to the computer to one that is timed by the computer clock and to resolve runt 

pulses. 

Resynchronizing Network - The resync network (figure 3-27} consists of a two-stage, 

double-rank counter and four cascaded control delays. Timing of the mechanism is 

derived from two inverters driven directly from the master clock. The inverters pre­

sent a square clock pulse to the FF inputs. 

K aoo K 102 

co12 K 101 K 803 

coo1 

K BIO K 812 

Kiii K 813 

E\/EN ODD 

~1.6~5 ---1 
N.oo Jl n.____-n.____ 
N·o· _n._____n.____~n~-

Nto2 --~ 

Figure 3-27. Resynchronizing Network 
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Concurrent with every fourth odd clock pulse, H900 is energized and V900 produces an 

output 0. 2 usec later, followed at relative times 0. 4 and 0. 6 by V901 and V902 

(figure 3-27). There is a lapse of 1. 6 usec between successive outputs from any one 

control delay in the chain. The control delays are labeled "odd" and "even", depending 

upon the clock phase during which they produce an output; the third superscript indicates 

the phase time of the output. 

Resynchronizing Circuit - In the typical resync circuit in figure 3-28, an input signal 

which normally registers -16v, must be timed with the computer logic upon going to 

ground (Ov). A ground voltage on an input cable is a "1 ", a -16v signal a ' 10 11 • When no 

external input signal is present (circuit input is -16v), and during every even sync pulse, 

the Sample FF is cleared while the Enable FF is repeatedly set by the following odd 

sync pulse. For the duration of this input condition the AND input to the control delay is 

not met and no pulse is generated by the circuit. 

-16V 

___:_r-- ----
ASYNCHRONOUS 

EXTERNAL 

SIGNAL 

STATES ARE SHOWN roR 

PERIOD AFTER EXTERNAL 

SIGNAL GOES TO GROUND (OV). 

ENABLE 

EVEN 
SYNC 
PULSE 

14---1.4µ.S---1 

ODD 
SYNC 
PULSE 

EVEN 
SYNC 
PULSE 

RESYNC CTR 

( H'°'J 

-.j le- o.zs µ.s 

I I I I I I I I I I I I I I I I I 
TIME INTERVALS ARE CLOCK PHASES 

(0.2 MICROSECONDS) 

Figure 3-28. Typical Resync Circuit 
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When the input to the circuit changes to Ov, the Sample FF is set by the first even sync 

pulse. A synced output pulse which occurs during the next clock phase is sent to the 

other logic circuits and is also used to clear the Enable FF, disabling the SET input to 

the Sample FF before the next even sync pulse is generated. The result is a single 

synchronized pulse. 

The Enable FF remains cleared until the input to the circuit returns to -16v at which 

time the Sample FF is cleared and the Enable FF is set. This is the normal static state 

of the circuit. Actually, only changes of input from -16v to Ov are sensed by the 

circuit. Once the circuit input has gone to Ov, it must return to -16v before anything 

further can be sensed by the circuit. 

Runt Pulses - A runt pulse is an input to the circuit that (at approximately 0. 3 usec before 

an even sync pulse) has a value between -16v and Ov. Such a pulse represents neither 

a 11 1 11 nor a "O 11 but rather, the voltage leve 1 taken from the input amplifier is somewhere 

between -3. Ov and -0. 5v. 

For example, if the voltage level taken from the input amplifier is -1. 5v, the next even 

sync pulse gates half-size pulses to both sides of the FF and its behavior becomes 

indeterminate. The FF may settle in either the clear or set state. Since this requires 

a much longer period than normal FF action, the clear or set condition will not be fully 

resolved within 0. 2 usec. The maximum resolution period approaches 1. 4 usec. Thi~ 

is the same period of time as that which elapses between the leading edges of successive 

even and odd sync pulses (figure 3-28). Only when the runt input is fully resolved is 

the control delay pulsed. The purpose of the odd and even sync pulse pair is to provide 

for the resolution of runt pulses within the Sample FF. The even sync pulse sets the 

time for sampling the asyncronous signal; the odd pulse sets the time for sampling the 

Sample FF. 

Time-Sharing of Resync Circuit - Asynchronous signals from outside the computer logic 

time-share one common resync circuit as shown in figure 3-29, left. There are 6 

asynchronous signals to which the computer must respond: 

Input Disconnect 

Input Ready-other than photoelectric reader (PER) 

Output Ready - other than high-speed punch (HSP) 

Function Resume (except from PER or HSP) 
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Input Ready (from PER) 

Output Resume (from HSP) 

Whenever either console-mounted input-output equipment (HSP or PER) is selected, a 

. function resume is artificially generated from the Function Ready FF, M915 (figure 3-29, 

right); it is not asynchronous. The output resume line from externally-mounted devices 

also carries the function resume signal from those units, as shown in table 3-4. 

The first four of the signals listed above are represented by the top three M-cards at 

the left of figure 3-29. A "1" from these cards will reach J557 only if neither HSP or 

PER is in use. The PER feed hole generates the Ready signal for that device. HSP 

Resume is discussed in connection with the punch. Since only one input-output equip­

ment can be in use at any one time, no two asynchronous signals will ever appear 

simultaneously as an input to J55 7. The RECIRC input to that card is a lockout device 

which inhibits the setting of the Enable FF, thereby preventing recognition of any 

asynchronous signal as long as the main timing chain is operative. 

Two approaches to the time-sharing network must be considered. If some device other 

than the PER or HSP is selected (figure 3-28), initially, the incoming lines are "O", 

J557 is a "l ", and the Enable FF is set. As soon as any of the externally controlled 

signals appears, J558 goes to a "1 ", and the Sample FF is set on the next even sync 

pulse. During the next odd sync time a ready pulse is issued via V521. 

For PER Input Ready (figure 3-29), FE'. is set by the first space between adjacent feed 

holes. Setting of the Enable FF parallels the action described above for Sample, and 

takes place when the first feed hole appears. Since, for HSP and PER, J557 and J558 

will be in the states shown, the next even sync following the setting of Enable will set 

the Sample FF and initiate a ready to the computer. At the same time, if K405 is clear, 

V531 will start the main timing chain. The FH FF is cleared by the setting of Sample. 

The AND input to J558 prevents the Sample FF being accidentially set by extraneous 

pulses which might turn on the Enable FF. Such a case could result if the operator were 

to insert a tape in the reader while the program was running. 

The FR FF remembers that the reader has seen the blank space between two feed holes. 

This is important in the event that two or more spaced operations involving PER are 

programmed. As soon as the last frame to be read appears over the reading station and 
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the data has been sampled, the reader brake is applied. The tape does not stop 

instantaneously, however; it coasts on until an inter-frame space (no feed-hole) appears 

over the reading station, at which time FR is set. If the tape continues to move until 

the next frame is over the photocell block, FH will remember that this frame has not 

yet been read, and the next select PER operation will sample that frame before the tape 

is moved. 

I/ 0 Sequence Control 

The I/O sequences have a general storage reference D, B, C, D, C, D, C, etc.; D reads the 

instruction, B obtains the starting address, and C stores (or reads) the data word. The 

succession of C'-D cycles obtains the second and succeeding data words. The I/O 

Sequence Control FF which is set at the end of cycle B provides an entrance into C and 

assures that the starting address obtained during B is used to store (or read) the first 

data word. During repetitive I/ 0 operations (instruction 72 or 73) the starting address 

in the A register increases by 1 during C-D sequence until A = 0 (indicating that the 

terminating address has been reached) at which time the FF drops and the operation 

stops. 

Once an input request is initiated, the main timing chain must be stopped until the word 

appears on the input lines; the Wait Input FF is set by either instruction 72 or 73. The 

input ready signal accompanying the word clears the FF. Once an output word is read 

out of storage, the Wait Output FF remains set until the output resume signal returns to 

the computer, indicating that the external equipment has processed the word. 

Setting the Function Ready FF by 'instruction 75 produces a synthetic resume signal 

whenever the computer communicates with the PER or HSP as these two equipments are 

not connected to the input-output cables. 

INPUT DATA TRANSMISSION 

With one exception, all data from external input devices reaches the Z register through 

an inverter rank designated I- - l. Exception: the photoelectric reader data lines go 

directly to Z. The path of input data to the least significant stage of Z is shown below. 

Each of the 12 stages of Z has a similar logic arrangement between it and the input cable 

and the photoelectric reader. 
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INPUT 
CABLE 

M400 

PER 
zOOO TO STORAGE 

K405 zOOI 

(PER~ ZL) .__ ___ ___. 

Type 61 cards contain the three identical input amplifier circuits. Each is assigned an 

individual M symbol. These amplifiers form the input boundary elements between 

the input cable and the computer; and they convert communication line signals to 

computer signal levels. Each amplifier has a single input and two outputs. 

OUTPUT DATA TRANSMISSION 

Output data is transmitted from storage through the Z register to the punch or output 

cable. The path of output data from the least significant stage of Z is shown below; the 

path is similar for each of the seven lowest stages of Z. The upper five stages provide 

output only to the output cable. In order for data to appear in its correct configuration 

as output from the output amplifiers, it is necessary that it be taken from the clear side 

of the stages of Z. 

L300 OUTPUT CABLE 
zOOO 

1-----3» PUNCH 

zOOI 

Type 62 cards containing three identical circuits are used as output amplifiers. Each 

circuit, assigned an individual LOOO symbol, has a single input and a single output. The 

output amplifiers form the boundary elements between the computer and the cable 

groups; and convert computer signal levels to communication line levels. 
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HIGH-SPEED INPUT/OUTPUT (I/O Active Feature) 

A complete input or output cycle requires 12.8 usec to store or deliver the word (SR 

cycle C) and compare the value in A with the terminating address to determine whether 

a new word is needed (SR cycle D). This time is normally much less than that required 

for the peripheral device to process a word. When the word handling rate of the 

external equipment approaches the 12. 8 usec rate (78KC), the most efficient operation 

is realized if preparation and delivery of two successive words can be accomplished 

concurrently, if, for example, the computer can store word one while the external 

device is preparing word two for delivery. This is made possible by the I/O Active 

feature. 

Figure 3-30 outlines the features of the high-speed I/Oas compared to the standard I/O 

timing. In each case, a 78KC rate has been assumed for external equipment. Shaded 

areas compare elapsed times between successive storage or delivery operations for the 

two methods. Delays between corresponding signals at the computer and external devices 

are the result of the slow rise times of the input and output amplifier cards. Logic for 

the circuits is shown in figure 3-29. 

Special circuits in the external device are needed to terminate aper ations if the com­

puter fails to recognize a Ready-Resume signal. These circuits recognize the dropping 

of Input Request (for input) or Information Ready (for output) as the result of a normal 

completion of an I/O cycle. 

CONSOLE CABINET I/O EQUIPMENT 

The main computer cabinet houses two input-output devices; the photoelectric reader 

(input) is at the right of the operator's console and the high-speed punch (output) at the 

left. 

PHOTOELECTRIC READER 

The reader has two modes of operation. During load mode two successive frames of 6-

bit data are loaded into one 12-bit storage address. During normal input operation the 

PER sends 7-bit data to the computer. 
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Figure 3-30. I/0 Timing 
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Load Mode 

The purpose of the load mode is to enter program data into successive storage locations 

within the computer. Data on the paper tape is contained in tape levels 0 through 5 

(figure 3-31 ). A seventh level control hole appears in alternate frames for the purpose 

of controlling data loading into the Z register. Frames having a. control hole are loaded 

into the upper six stages of Z; those without a control hole are loaded into the lower six 

stages. Two conditions are necessary: 

1. The Load-Clear switch must be set to LOAD; this sets storage sequence 

control to the B-cycle. 

2. The Run-Step switch must be set to RUN. 

When these two conditions have been met, the next odd sync activates PER Input. This 

sets the Load Mode Control (LMC) and PER Clutch FFs, (the latter engages the reader 

clutch) after which tape begins to move through the reader. 

The seventh level control hole of the first frame sets the Sense Seventh Level FF which 

causes the information to be entered in the upper six stages of Z. The trailing edge of 

the feed hole of this frame (V521) clears the LMC and the Sense Seventh Level FFs. 

Since the second frame does not contain a control hole, information held by it is entered 

in the lower six stages of Z. The feed hole of the second frame initiates a ready to the 

computer (V531) which allows the word of data to be entered in storage. When V531 

clears the Clutch Control FF, a request is returned to the reader . .. 

After at least one frame (not tape leader) has been read, the tape stops upon the appear­

ance of two consecutive frames neither of which contains a control hole. The trailing 

edge of the feed hole of the first frame without a control hole operates in the usual 

manner. Since the load mode is still in effect the LMC FF is reset. During the third 

quarter of the storage reference cycle (B3) the Load Mode Stop FF is set. If no control 

hole appears in the next frame the Sense Seventh Level FF remains cleared and the en­

suing feed hole pulse from the second frame completes the AND to stop the tape by 

clearing the Clutch FF and stop the computer by clearing the Run-Step FF. The process 

is completed by clearing the Load Mode Stop FF. 

A master clear from the computer is necessary after each load mode sequence to prepare 

the circuit for succeeding load mode operations. This pulse clears the Load Mode 

Control and Load Mode Stop FFs. The same pulse sets the D-cycle FF in storage sequence 

control so that the computer will read the first instruction when the Run-Step key is set. 
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PER. Select 

During a normal input operation (72 or 76) involving the photoelectric reader, the 

Select I.:sEFt FF is set EXF code 4XX2 (figure 3-32). This FF disables the input 

frorn other external and enables the PER gate for that signal. 

Data from successive 6 or 7-bit frames of tape are entered in the lower bits of sequen-

ti al locations 

z 000 

001 3 

010 

z 011 
013 

z 021 

060 

z 061 

OUTPUT 

lf'~VE~<-TERS 

(CONTAINI!~ E T l'-'U~JCT CODE) 

bits are zeros). 

(41X2) 

4 00 

LOAD 

300 

(41X4) 

N 322 

N 2 

TO READY-

RESUME GATES 
FROM EXTERNALLY 

-..;.. MOUNTED I/O 

EQUIPMENT. 

(see figure 3-29) 

N 320 

HSP 

3-32. Normal Selections of PER and HSP 
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PER Input to Z 

Data from the reader may be assembled in Z as a group of 12-bit words (load mode} 

or as separate 7-bit words (normal input}. 

Load Mode, PER to Z - First-frame data (containing seventh-level hole} must be 

entered in the upper half of Z (ZU}, since those bits are most significant; data from the 

second frame must be stored in Z lower (ZL}. The PER input to Z is shown at the 

extreme left of figure 3-33 (M430 ... M437}. Input controls are at the top of the figure. 

In load mode, PER-. INP is 11 l11, since LOAD is 11 111 , and EXT- INP is forced to 110 11 • 

As a result, first-frame information is fed into J410 ... J416. If bit one (M430} is 111 11 , 

J410 is "O", and the top input to J436 (Store Seventh Level Control} is not met. The 

left-hand input is similarly unsatisfied, LOAD is 111 11 , while the lower AND remains 

incomplete since the current frame is odd. The resultant 11 1" from J436 enters 

Z060/061 as soon as the Sense Seventh Level FF is set. Since Load Mode Control 

(K404/405} is also set, the PER-"' ZU transfer card, J406, will allow the first six bits 

to be entered into Z060/061 through Zll0/111. Meanwhile, the seventh-level hole has 

caused K404/405 to clear, enabling J405 (PER~ z1 } and the lower half of Z contains 

information from the second frame. 

Normal Input, PER to Z - With PER selected, PER~INP is 11 111
• Input cards, J410 

through J416 and J419, will respond to holes in the tape by producing zeros. Since load 

mode is not in effect, K405 is a "1 "; K404 is a "O". The latter input disables PER~ZU 

during normal PER input instructions; the reader clutch is energized as soon as J438 

goes to 111 11 • Data from the tape is transferred to I, and then to Z. The I ~Z control 

(used for other than a P~R input} is blocked by J205 to prevent the possibility of intro­

ducing unwanted data into Z. 

During normal input operations, J436 and J437 will set the seventh and eighth stages of 

Z if holes for these levels are present. 

Normal Input, EXT to Z 

If input equipment other than PER is selected, EXT--'>INP is 11 111 . The 12 input lines 

M400 through M411 then feed the associated J4-- elements, the contents of which are 

transferred to I and later to Z. 
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HIGH-SPEED PUNCH 

The computer console output device is a Teletype BRPE-11 paper tape punch (figure 3-34). 

The punch is selected by a 4XX4 EXF code, and the function ready signal acts through 

the ready control delay of the output resume resync circuit to restart the main timing 

chain. 

An eight-stage punch storage register (PSR) is filled with output data from the Z-register 

whenever a punch output operation is executed. As data enters PSR from Z, the main 

timing chain is restarted to allow the computer to continue with high-speed computation 

while the punch records the output word at a slower rate. 

When the computer is master cleared prior to program execution, the Punch Ready and 

Punch FFs are cleared to receive the first data word. Selection of HSP provides the 

Z -PSR to gate the output word into PSR. As the punch contacts close the Punch Ready 

and Punch FFs are set, the output disable is removed from the output amplifiers, and 

the word in PSR passes to the punch magnets. In this manner the feed hole and data holes 

are punched in the tape. 

Setting the Punch FF clears the Punch Ready FF after a slight delay which fixes the 

length of time the punch magnets are energized during the feed (or code) pulse cycle. 

Both FFs must be cleared before new data can be accepted into PSR. Should the punch 

sync signal occur simultaneously with the setting of the Punch Ready FF, clearing of 

Punch Ready is delayed until the data has registered in PSR. 

Operation of this circuit may also be started by setting the Load-Clear switch to LOAD. 

This allows the operator to perform a tape feed when the punch is in the normal 

recessed position with motor running. 

PUNCH CONTROL UNIT (Chassis 10400) 

The punch control unit (figure 3-35) contains the punch magnet puller modules and the 

-28v d-c power supply for those magnets. The -28v d-c power supply consists of a full­

wave rectifier connected to the center-tapped secondary of a 115 / 64 vac transformer. 

An LC filter smooths the rectified voltage. The -28v fuse is mounted on the relay 

chassis. 
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Nine puller circuits (one feed hole and eight data levels) are contained on three type 86 

cards. Operating voltages for the transistors on these cards are obtained from the 

computer power supply (+20, -20), and the circuits are driven by standard output 

amplifiers (L cards). 

l-20:- - ----- I 
I 

FROM L-CARD I 
2.2K PUNCH 

I MAGNEf 

IN I COMPUTER 

2.2K I 
I 32V 32V 

I 
I 

2 2K I 115 VAC 

TIG I 
2.2K 

I 
I 

+20V 

_J L --- ----
1/3 TYPE 86 CARD 

Figure 3-33. Punch Control Unit (Simplified Schematic) 

CAPACITIVE DELAY NETWORKS 

Capacitive delays are used in certain areas of computer logic, particularly input-output 

circuits, to delay the recognition of a change from the "O" to the "1" state. The delay, 

accomplished by connecting an integrating circuit to the junction of a pair of logic cards, 

may be a fixed value or variable through a limited range. 
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In the fixed delay, figure 3-36, the logic input to card B is delayed by a time constant 

which is the product of the 6800 ohm resistor on card B and the capacitor C. With the 

output transistor on card A grounded (logical "O" out), C is discharged to ground. When 

the transistor is switched off (logical "1" out), C begins charging through the 6800 ohm 

resistor until the threshold level of card B (-3. Ov) is realized, a point determined by 

the time constant RC. 

The actual delay time, as observed on an oscilloscope, for any fixed delay may vary 

considerably due to circuit constants. The delay times selected allow sufficient latitude 

for the circuits to operate successfully with these variations. 

---------, 

CARD A 

I 
I 
I 

____ _J 

DELAY PERIOD STARTS 
WHEN OUTPUT FROM A 
GOES TO "1" 

c 

I 

y 322 

rG'.J 
E36-6 

I 
I 

L _ 

Figure 3-36. Fixed Delay 
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When a critical delay period is necessary a variable delay network will permit accurate 

adjustment. In the circuit shown in figure 3-37, a variable resistor on the 73A delay 

card may be adjusted to the desired time constant. The value of R in the RC factor is 

the effective parallel resistance of 2200 ohms and the selected setting of R. 

In this circuit, the driving card is an output amplifier (L-card). This is necessary 

since the variable resistance on card C may draw more current than could be handled 

by the output transistor of a conventional logic card. An input amplifier (M-card) is 

required to return the logic levels to - 3v and 0. 5v. 

--------, 
I 
I 

I 
CARO A (OUTPUT AMP. ) _j 
-------

-3.0V= "1" 

0.5V="O" 

INV 

DELAY PERIOD STARTS 
WHEN OUTPUT FROM 
INV GOES TO "o" 

2200 
I 
I \,.---• -20V 

I 

I 
L CARO B ( INPUT AMP.) 

I 
I 
I 

I 

R 

L __ DELAY CARO C (TYPE 73A) 

GND: 11111 

-16V ="o" 

L --- i------<>------'Jlot 

y 320 

~GJ 
E36-12:1,3 

-3.0V= 11111 

0.5V="O" 

TO INPUT CIRCUIT 

Figure 3-37. Variable Delay 

3-88 



When either delay is used, a Y logic symbol and a coordinate position define the location 

of the delay card. Numbers following the dash identify pins to which the delay com­

ponents are connected. In the variable delay card in figure 3-38, the variable resistor 

may be connected to as many individual capacitors as necessary to produce the desired 

delay range; the exact delay is resolved by adjusting the resistor. It is possible for one 

73A card to provide one variable delay (for example, pins 1 and 6), and up to eight 

fixed delays, or to provide nine fixed delays, (pin 1 not used). 

2200 

2000 

-----2ov 

2200 
r --
I 
I 2 
I 
I 
I 3 
L-

4 .002 

0 - ) 

5 .002 

0 - ) + 

6 .Of 

0 _) + 

7 .05 

0 - ) + 

8 .05 

0 _) + 

9 .47 

0 - ) + 

10 1.0 

0 _) + 

II 47 10 

INPUT 12 47 

- - - ~ 

TYPE 73A 

DOTTED LINES SHOW CONNECTIONS TO 

PRODUCE DELAY USED IN FIGURE 3-37. 

Figure 3-38. Capacitive Delay Card 
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The control network circuit for the high-speed punch uses capacitive delay (figure 3-39). 

Requisites for this circuit are a short (5us) clear pulse to PSR and an accurately 

adjusted 4ms delay to govern the length of the punch cycle. 

With both FFs cleared, CLEAR is held to a 11 0" by the Punch FF, while the L-card 

output is at ground, thereby negating the delay network. When an input pulse sets 

Punch Ready, the Punch FF is also set at the next sync pulse. Clear cannot be energized, 

however, since Punch Ready holds it to a "O". The delay circuit begins to charge, and 

after 4ms a pulse from INV clears Punch Ready. The length of the resulting clear pulse 

is governed by the delay circuit connecting the clear sides of the two FFs. 

INPUT 

FF 

PUNCH 

READY 

SYNC. 

FF 

PUNCH 

~GU 
INV 

Jl 
CLEAR,__ __ TO PSR 

r-~L..:..::__j 

L---

I CJ M---

Figure 3-39. Capacitive Delay Application 
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APPENDIX A 

GLOSSARY OF COMPUTER TERMS 

The following glossary gives the meaning of terms that are used in a relatively 

specialized sense in this manual. In most cases, no attempt has been made to offer 

general definitions of the terms. 

ADDER -

ADDRESS -

AND FUNCTION -

BIT -

BORROW -

BUFFER -

CARD -

CARRY -

CHAIN -

CHANNEL -

In general, a device used to add two quantities. Specifically, 

the borrow pyramid in the subject computer. Also infrequently 

referred to as the "adder pyramid". 

The number designating a memory location; also used to refer 

to the memory location itself. 

A logical function in Boolean algebra that is satisfied (and thus 

has the value 11 1 11 ) only when all of its terms have the value "1 ". 

For any other combination of values of the terms it is not sat­

isfied, and hence its value is "O". 

Binary digit; may be either "1" or "O 11 • 

In a subtractive counter or accumulator, a signal indicating that 

in stage n, a "1" was subtracted from a "O". The signal is sent 

to stage n + 1, which it complements. 

Noun: A device in which data are stored temporarily in the 

course of transmission from one point to another. 

Verb: To store data temporarily. 

Any etched wiring board with attached components which is 

mounted on a chassis by means of a 15-pin connector. 

In an additive counter or accumulator, a signal indicating that 

in stage n, a "1" was added to a 11 1 11 • The signal is sent to 

stage n + 1, which it complements. 

A group of control delays connected serially and used for timing 

commands and signals. 

A transmission path (implemented by cables and connectors) 

that connects the computer to a given external equipment. 
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CHARACTER -

CLEAR -

CLOCK PHASE -

COMMAND -

COMPLEMENT -

CONTENT -

CONTROL 

DELAY -

CORE -

COUNTER -

ENABLE -

Information handled by the computer: 

1) A group of 6 bits representing bi-octal information. These 

bits may denote a binary quantity, a digit, letter or symbol. 

In Load mode, two 6-bit characters are assembled into one 

computer word. 

2) A group of 7 bits representing an item of information. When 

the capacity of a device responding to a 72 (input) instruction is 

limited to 6 or 7 bits, those bits will be deposited in the lower 

portion of the selected storage address, with the remaining 

upper bits being zeros. 

A command that removes a quantity from a register by placing 

every stage of the latter in the "O" state. 

An output from the master clock: one of the two outputs is 

called the "even" phase and the other the "odd" phase. The 

inputs of a given control delay are gated by one clock phase and 

the outputs by the other. 

A signal (generally initiated by a control sequence) that performs 

a unit operation, (such as transmitting contents of one register 

to another, shifting a register, setting a FF). 

Noun: see One's Complement or Two's Complement. 

Verb: a command which produces the one's complement of a 

given quantity. 

The quantity or word held in a register or storage location. 

A device capable of receiving a signal pulse and "holding" it for 

a period determined by the basic clock frequency (0. 2 usec) 

before allowing it to be released. 

A small ferromagnetic toroid used as the bistable device for 

storing a bit in a memory plane. 

A register with provisions for increasing (if additive) or 

decreasing (if subtractive) its content by 1 upon receiving the 

appropriate command. 

In general, to satisfy one of the conditions required for the 

occurrence of a command. Specifically, a signal generated in 

the borrow pyramid which indicates that stage for group of 

stages) is not able to satisfy a borrow made upon it. 
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END-AROUND 

BORROW -

ENTER -

EXECUTION 

ADDRESS -

FLIP-FLOP 

(FF) -

FUNCTION CODE -

GATE -

INPUT 

DISCONNECT -

INPUT REQUEST -

INSTRUCTION -

INVERTER -

LOAD-

A borrow that is generated in the highest-order stage of an 

accumulator or counter, and is sent directly to the lowest­

order stage. Provision for such a borrow makes the accumula­

tor or counter "closed". 

To manually insert into storage a quantity entered in the Z 

register. The operation consists of energizing the ENTER 

mode, inserting the desired storage address in P and the 

desired information in Z, and putting the computer in either 

RUN or STEP. 

The lower 6 bits of a 12-bit instruction. Most often used to 

specify the storage address of an instruction or operand. Some­
times used as the operand itself. 

A storage device with two stable states: 111 11 and 11 0 11 • A 11 1 11 

input to the set side puts the FF in the 11111 state; a 11 1 11 input to 

the clear side puts the FF in the "O" state. After the input is 

gone, the FF remains in a state indicative of the last 111 11 input. 

A stage of a register consists of a FF. 

The upper 6 bits of a 12-bit instruction. 

Verb: to satisfy one of the conditions required for the occur­

rence of a signal. 

Noun: may denote either the AND function or the OR function, 

but more commonly the former. 
During an input instruction, a signal sent to the computer by 

certain external devices which indicates that the device has 

completed all available transmissions to the computer. 

A request, by the computer, for information from an external 

device. Occurs during input instruction only. (See Resume. ) 

A 12-bit quantity consisting of a function code and an execution 

address. The instruction directs the computer to take a certain 

action. 

A circuit which provides as an output a signal that is opposite to 

its input. If input is 111 11 , output is 110 11 • An inverter output is 
111 11 only if all the separate OR inputs are "O". 
To take a quantity from storage and place it in a register. 
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LOGICAL 

PRODUCT -

LOGICAL SUM -

MASK -

MASTER CLEAR 

(MC) -

MODULUS-

NORMAL JUMP -

ONE'S 

COMPLEMENT -

In Boolean algebra, the AND function of several terms. The 

product is "l" only when all the terms are "l "; otherwise it is 

"O". The logical product of two quantities consists of bits, 

each of which is the AND function of corresponding bits of the 

two quantities. Sometimes referred to as the result of "bit­

by-bit" multiplication. 

In Boolean algebra, the OR function of several terms. The sum 

is "1" when any or all of the terms are "l "; it is "O" only when 

all are "O". 

In the formation of the logical products of two quantities, one of 

them may be used as a mask for the other. The mask deter­

mines what part of the other quantity is to be considered. 

Wherever the mask is "O" that part of the other quantity is 

cleared, but wherever the mask is a "l ", the other quantity is 

left unaltered. 

A general command produced by placing the Load-Clear switch 

is the down (CLEAR) position. A MC clears all of the crucial 

registers and control FFs to prepare for a new mode of oper­

ation. 

An integer which describes certain arithmetic characteristics 

of registers, especially counters and accumulators, within a 

digital computer. The modulus of a device is defined by rn for 

an open-ended device and rn-1 for a closed (end-around) device, 

where r is the base of the number system used and n is the 

number of digit positions (stages) in the device. Generally, 

devices with modulus rn use two's cornplement arithmetic 

procedure, and devices with modulus rn-1 use one's complement 

procedures. 

An instruction that jumps from one sequence of instructions to 

a second, and makes no preparation for returning to the first 

sequence. 

With reference to a binary number, that number which results 

from subtracting each bit of the given number from the bit "1 ". 

The one's complement of a number is formed by complementing 

each bit individually, that is, changing a "1" to "O" and a "O" to 

a "1 ". A negative number is expressed by the one's complement 

of the corresponding positive number. 
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OPERAND - Usually refers to the quantity specified by the execution address. 

This quantity is operated upon in the execution of the instruction. 

OPERATION CODE - The upper 6 bits of a 12-bit instruction which identifies the 

instruction. After the code is translated, it conditions the 

computer for execution of the specified instruction. The letter 

OR FUNCTION -

OVERFLOW -

PASSED BORROW -

PARTIAL ADD -

PROGRAM -

PYRAMID -

RANK -

READ -

READY -

REPLACE -

RESUME -

F is used to designate this code, which is expressed by two octal 

digits. 

A logical function in Boolean algebra that is satisfied (and thus 

has value "l 11) when any of its terms has the value "1 ". It is 

not satisfied when all terms are "O". Often called the inclusive 

OR function. 

The condition in which the capacity of a register is exceeded. 

A borrow signal which acts upon a stage after having traversed 

the adjacent lower-order group by virtue of enable conditions 

within that group. 

An addition without carries. Accomplished by toggling each bit 

of the augend where the corresponding bit of the addend is a "1 ". 

A precise sequence of instructions that accomplishes a computer 

routine; a plan for the solution of a problem. 

A network of inverters that senses borrow conditions and 

produces borrow signals. 

Registers composed of a pair of flip-flops per stage consist of 

two ranks, each containing one FF from the pair for each stage. 

Inverters arranged for parallel transmissions with one inverter 

per bit are also called ranks. 

To remove a quantity from a storage location. 

The input-output control signal sent by either the computer or 

an external equipment to alert the device that is to receive a 

transmission. The ready signal indicates that the word of 

character is available for transmission. 

In the title of an instruction, refers to the fact that the result 

of the execution of the instruction is stored in the same location 

from which the initial operand was obtained. 

The output control signal sent by an external equipment to 

indicate that it is prepared to receive another word or 

character. The resume signal is thus a request for data. See 

Input Request. 
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RETURN JUMP -

ROUTINE -

SHIFT -

SIGN BIT -

A jump instruction which prepares for continuing the first 

sequence after the second is completed. 

The sequence of operations which the computer performs under 

the direction of a program. 

To move the bits of a quantity right or left. 

The bit in the highest-order stage of the register (in registers 

where a quantity is treated as signed by use of one's complement 

notation). If the bit is 11 1 11, the quantity is negative; if the bit 

is 110 11 , the quantity is positive. 

SIGN EXTENSION - The duplication of the sign bit in the higher-order stages of a 

SKIP -

SLAVE -

STAGE -

TOGGLE -

TRANSMISSION, 

CLEARED -

TRANSLATION -

TWO'S 

COMPLEMENT-

WORD-

WRITE -

register. In essence performed when an instruction enters a 

negative number into a register. 

To omit the execution of an instruction in a program 

Usually an inverter which receives an unconditional input from 

another circuit and is used to provide more outputs than are 

available from the first. 

The flip...:flops and inverters associated with a given bit position 

of a register. 

To complement each individual bit of a quantity as a result of an 

individual condition. 

A transmission where both 11 1 11 and 110 11 are transferred into a 

register which has not been cleared previously. 

An indication of the content of a group bit registers. A complete 

translation gives the exact content, while a partial translation 

indicates only that the content is within certain limits. 

That number which results from subtracting each bit of the 

given number from the bit 110 11 • The two's complement of a 

number may be formed by complementing each bit of the given 

number and then adding one to the result, performing the 

required carries. 

A unit of information which has been coded for use in the 

computer as a series of bits. The normal word length is 12 bits. 

To enter a quantity into a storage location. 
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APPENDIX B 

NUMBER SYSTEMS 

Any number system may be defined by two characteristics, the radix or base and 

the modulus. The radix or base is the number of unique symbols used in the system. 

The decimal system has ten unique symbols, 0 through 9. Modulus is the number of 

unique quantities, or magnitudes a given system can distinguish. For example, an 

adding machine with ten digits, or counting wheels, would have a modulus of 1010-1. 

The decimal system has no modulus because an infinite number of digits can be written, 

but the adding machine has a modulus because the highest number which can be express­

ed is 9999999999. 

In most number systems, the relative position of a symbol determines its magnitude. 

In the decimal system, a 5 in the units column represents a different quantity than a 5 

in the tens column. The 10 symbols are coefficients of ascending powers of the base 10. 

The number 984 is: 

9 x 1 o2 = 9 x 100 = 900 

8 x 1 o1 = 8 x 1 o = so 
0 

4xl0 =4x 1 4 

984 

Quantities less than 1 may be represented by using the 10 symbols as coefficients 

of ascending negative powers of the base 10. The number 0. 593 is therefore: 

5 x 10-l = 5 x . 1 = .5 

9 x 10 -2 9 x . 01 . 09 

3 x 10- 3 3 x . 001 . 003 

0.593 

BINARY NUMBER SYSTEM 

Computers operate faster and more efficiently by using the binary number system. 

There are only two symbols 0 and 1; the base = 2. The following table shows the 
' 

position value. 

25 24 23 22 21 20 

=32 =16 =8 =4 =2 =1 Binary point 
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The binary number 0 1 1 0 1 0 represents: 

0 x 2 5 1 x 32 = 0 

1 x 24 1 x 16 = 16 

1 x 2 3 1 x 8 8 

0 x 2 2 1 x 4 0 

1 x 2 1 1 x 2 2 

0 x 2° = 0 x 1 0 Total: 26 

Fractional binary numbers may be represented by using the symbols as coefficients 

of ascending negative powers of the base. 

Binary numbers can be converted to decimal by power addition. 

010111 1 (2 4 ) + 0 (2 3) + 1 (2 2 ) + 1 (2°) 

1 (16) + 0 (8) + 1 (4) +1(2) + 1 (1) 

= 2310 

Conversion of decimal numbers to binary: 

4510 ~ 2 22 remainder 1 record 1 

22 ~ 2 11 remainder 0 record 0 

11 -;-- 2 5 remainder 1 record 1 

5 7- 2 2 remainder 1 record 1 

2 7- 2 1 remainder 0 record 0 

1 _,__ 2 0 remainder 1 record 1 

101101 

Thus 45 10 = 101101 2 

Binary numbers are added according to the following rules: 

0 + 0 0 

0 + 1 1 

1 + 0 = 1 

1 + 1 0 with a carry of 1 
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Addition of two binary numbers proceeds as follows (the decimal equivalents verity 

the result): 

Aug end 

Addend 

Partial Sum 

Carry 

Sum 

Binary 

0111 

+0100 

0011 

1 

1011 

Decimal 

7 

+4 

11 

Subtraction may be performed as an addition. Decimal examples: 

8 minuend 

- 6 subtrahend 

2 difference 

or 8 minuend 

+4 10's complement of subtrahend 

2 difference - omit carry 

Subtraction performed by adding the complement: 

8 - 6 = 

8+(10-6)-10= 

8 + 4 - 10 = 2 

Omitting the carry has the effect of reducing the result by 10. 

To complement a binary number, (one's complement), subtract each bit of the 

number from 1 . 

1111 

-1001 

0110 

9 

one's complement of 9 

The one's complement of a binary number may also be formed by substituting 111 's" 

for "O's" and "O's" for "1 's" int.he number. 
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OCTAL NUMBER SYSTEM 

The octal number system uses eight unique symbols, 0 through 7. With the base 

eight the position value is: 

85 

32,768 

84 

4,096 

83 

512 

The octal number 5138 represents: 

5 x 82 = 5 x 64 = 320 

1 x 81 = 1 x 8 = 8 

3 x 8° = 3 x 1 = 3 

33110 

82 

64 

81 

8 

80 

1 

Computer arithmetic is expressed in octal. Three binary digits may be expressed 

by one octal digit, thus reducing the total digits involved by a factor of 3. The octal 

system is selected as a basis for obtaining shortened expressions for numbers because 

of the ease with which numbers can be converted from binary to octal and from octal to 

binary notation. 

The decimal number 38 is expressed in binary by 100110. To convert this expres­

sion to octal, separate it into groups of three digits, 100 in binary is 4 in octal, 110 

in binary is 6 in octal; therefore, the binary expression 100110 is 46 in octal. 

To convert an octal number to binary reverse the procedure. To convert the octal 

expression 513 to its binary equivalent convert each octal digit: 

5 

101 

1 

001 

3 

011 

The binary expression for an octal digit must be filled out with "O's" to make it 

ree digits in length. 

Octal notation is used in referring to the content of a register, the value of a contra· 

3ignator, addresses in storage, and codes for instructions. The octal number systerr 

not actually used in the operation of the computer. 
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Conversion of Decimal to Octal is as follows: 

(1) Decimal10 to Octals 

Integer example 

2 73 10 7- S = 34 remainder 1 record 1 

3410 7- S = 4 remainder 2 record 2 

410 7- S = 0 remainder 4 record 4 

Thus: 27310 = 421 8 

(2) Octals to Decimal10 
Integer example 

3248 = 3(82} + 2(S1 ) + 4(8°) 

= 3(64) + 2(8) + 4(1) 

= 192 + 16 + 4 

Thus: 3248 = 21210 

421 

TABLE 1. COMMON PURE NOTATIONS 

Decimal Binary 

00 00000 
01 00001 
02 00010 
03 00011 
04 00100 
05 00101 
06 00110 
07 00111 
08 01000 
09 01001 
10 01010 
11 01011 
12 01100 
13 01101 
14 01110 
15 01111 
16 10000 
17 10001 
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Octal 

00 
01 
02 
03 
04 
05 
06 
07 
10 
11 
12 
13 
14 
15 
16 
17 
20 
21 



TABLE 2. POWERS OF COMMON NUMBER SYSTEMS 

20 = 1 80 = 1 10° = 1 
21 = 2 81 = 8 101 = 10 
22 = 4 82 = 64 102 = 100 
23 = 8 83 = 512 103 = 1,000 
24 = 16 84 = 4, 096 104 = 10, 000 
25 32 85 = 32, 768 105 = 100, 000 
26 64 86 = 262, 114 106 = 1, 000, 000 
27 = 128 8 7 = 2, 097, 152 
28 256 88 = 16, 777, 216 
29 = 512 

210 = 1 024 ' 

TABLE 3. RADIX OF COMMON NUMBER SYSTEMS 

~stem Digits Radix 

Decimal 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 10 

Binary 0, 1 2 

Octal 0, 1, 2, 3, 4, 5, 6, 7 8 
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BOOLEAN ALGEBRA 

In some respects Boolean algebra is similar to ordinary algebra. Because of the 

differences, it is simpler to regard it as unrelated to ordinary algebra. The logical 

equations which describe the connections of building blocks in the computer are a spec­

ialized form of Boolean algebra as applied to switching circuits. 

In Boolean algebra, there are only two values or quantities to be considered, "1" and 

"O ". In a Boolean equation the variables, or literals, are restricted to these values 

which are considered opposites; one is the negation of the other. 

There are three operations used in such equations. The first is logical product, the 

AND function of two terms, indicated by a dot between the terms or by the absence of 

any symbol between them. This function is satisfied only when both terms are "1 ". 

The second operation is logical sum, the OR function of two terms, indicated by a plus 

sign between the terms. An OR function of two terms is satisfied when one or the other, 

or both, of the terms are "1 "; it is not satisfied only when both terms are "O". This is 

the inclusive OR rather than the exclusive. 

The third operation is negation, the NOT function of a term, and is indicated by a bar 

over the term. If a term is "l ", the negation of that term has the value "O", and vice 

versa. 

The grouping of terms is indicated by parentheses. In Boolean equations for switching 

circuits, the circuit inputs are represented by literals which appear on the right side of 

the equal sign. The literal on the left side of the equal sign represents the circuit 

output, which is a function of the inputs on the right side of the equation. 

Boolean equations are of two types: identities and transfer formulas. An identity 

consists of two equivalent expressions. For example, the equation (A+ B)C = AC+ BC 

is an identity which states that either A or B in combination with C, is equivalent to 

either A in combination with C, or B in combination with C. The equation C = A + B is 

a transfer formula; a "1" is transferred to element C if a "1" is in either element A 

or element B. 
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A Boolean expression may be reduced to its simplest equivalent by applying the basic 

identities of table 4. This procedure not only provides a means of understanding the 

circuits, but also of simplifying switching circuits by reducing the number of com­

ponents necessary to perform the operations specified by a particular transfer equation. 

For example, the transfer equation D = AB + B + C can be reduced to its equivalent 

D = B + C by applying the theorems of table 1 to strike out the expression AB. Because 

the reduced transfer equation is simpler, a circuit built with the simplified equation 

contains fewer components to perform the same logical functions. 

The theorems are also applied to convert the final simplified expressions into standard 

forms, which are more readily adaptable to a given type of switching circuit. For 

example, the equation D = (A+ C) (B) can be changed to the formula D = AB+ CB, which 

is applicable to the building block used in the computer. 

By applying identities 22 and 23, an equation using the AND function can be converted 

into one using the OR function, and vice versa. For example, to convert Z - ABC into an 

equation in which the OR function is used in the right side negate both sides to obtain 

Z = ~ By applying identity 22 to the right side, Z = A+ B + C is obtained. This pro­

cedure, called inverting the logic, has been used at times in the equations for the computer. 

A 
B 
c 
D 
etc. 

A 
B 
c 
etc. 

1 

0 

+ 

()() 

= 

GLOSSARY OF BOOLEAN SYMBOLS 

Switching elements. 
Literals denote active 111 11 

when switching element is 
in the 111 11 state, or passive 110 11 

input when switching element is in the 110 11 state. 

The bar denotes negation. 
A letter with a bar denotes an input 
that is active when the switching element is 
in the 110 11 state, and passive in the 111 11 state. 

Active 111 11 input. 

Passive 110 11 input. 

Logical sum, OR function of two or more literals. 

Logical product, AND function of two or more literals 

Separates equivalent Boolean expressions or two 
halves of a transfer formula. 
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TABLE 4. BOOLEAN IDENTITIES 

A. Commutative Laws 

l. P.+B=B+A 

2. BA= AB 

B. Associative Laws 

3. (A+ B) + C = A + (B + C) 

4. (AB) C = A (BC) 

C. Distributive Laws 

5. AB + AC = A (B + C) 

6. A+ BC = (A+ B)(A + C) 

D. Forms Involving 1 and 0 

7. 0 + 0 = 0 12. 1 1 = 1 

8. 0 + 1 = 1 13. A+ 0 = A 

9. 1 + 1 = 1 14. A+ 1 = 1 

10. 0 0 = 0 15. A·l=A 

11. 0 1 = 0 16. A· 0 = 0 

E. Forms With Repeated Literals 

17. A+A=A 

18. A· A= A 

F. Forms With Negation 

19. A= A 

20. A A= 0 

21. A+ A= 1 

22. A·B·C=A+B+C 

2 3 . A + B + C = A · j3, · C 

DeMorgan's 
Theorem 

G. Forms Derived From Previous 
Identities 

24. A+ AB= A 

25. A(A + B) = A 

26. (A+ B) B = AB 

27. AB+B=A+B 

28. BC= ABC+ ABC 

H. Proof of Identity 6 

Conditions Left-Hand Right-Hand 
A B c Expression Expression 

A +BC = (A+ B) (A+ C) 

0 0 0 0 0 

0 0 1 0 0 

0 1 0 0 0 

0 1 1 1 1 

1 0 0 1 1 

1 0 1 1 1 

1 1 0 1 1 

1 1 1 1 1 
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