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MODEL 1103A

THE UNIVAC SCIENTIFIC
GENERAL PURPOSE COMPUTER SYSTEM

(MODEL 1103A)

GENERAL DESCRIPTION

" The Model 1103A is a general-purpose digital computing system for applica-
tions requiring large storage capacity, high operating speed, and programming
versatility. 1Its internal memory consists of 16,384 registers of magnetic
drum storage, 4,096, 8,192, or 12,288 registers of magnetic core storage, and
the A and Q registers. Each of these registers is individually addressed and

directly accessible. Supplementary storage is provided by up to ten Uniservo
magnetic tape units,

Standard input and output equipments used with the computer consist of a
photoelectriec paper itape reader, a typewriter, and a high-speed paper tape
punch, <Communication with a wide variety of optienal devices is made possible
by use of an eight-bit input-output register, IOA, and a 36-bit input-output
register, IOB. The choice of optional equipment is determined by the user’s
- needs. Frequently included are: Univac magnetic tape units, a card reader
and card punch, a line printer, and an oscilloscope display unit, Directly
connected devices may also include: Teletype communication circuits, analog-
to-digital converters (for use with sensing instrumentation), signal circuits
to process-actuating mechanisms, etc. The computer's input-output system per-
mits simultaneous use of several external units and allows computation to pro-
ceed while such terminal equipments are operaténg. The use of Unitapes permits
off~1line processing of information by a variety of Univac auxiliary equipments.

The computer performs 41 different arithmetic and logical operations. It
is fully automatic in that the sequence of operations is determined by a pro-
gram of internally stored instructions capable of self-modification, During
the performance of the program, instructions are removed from storage, one at
8 time, in the order required. . To attair high computational speed, the com~
puter operates in the parallel mode; i.e., all digits of a number are operated
upon simultaneously. Internal arithmetic operations are in the binary number
system. The basic word size is 36 binary digits, or "bits". A word may be an

~instruction, a number, or an arbitrarily coded quantity.

A form of "two-address™ logic is employed. An instruction word consists:="-,
of a 6-bit operation code and two 15-bit execution addresses. The functions
“of the execution addresses are different for the various types of instructions,

but, in general, they specify registers in the memory from which operands are
obtained or in which results are stored.

The computer employs a "one's complement” system of notation in which the
left-most bit of a number is the sign bit of that number, and the binary point
is considered to be to the right of the lowest order bit. Thus, if the left-most
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bit of a number is "0", the number is said to be positive; if the left-most

bit is a "1", the number is said to be negative., In the one‘s complement

. System, a negative number can be obtained from a positive number by complement-
-ing all the bits (including the sign bit) of the corresponding positive number.

In the singleélength, or 36-bit, register, imtegers from 1-235'up to 239-1 may
be represented; in the double-length, or 72-bit, Accumulator integers from
1-271 up to 271=y may be represented, 1In the one’s complement notation, each
of the integers has a unique representation with the exception of zero; zero
has both a positive and negative notation; however, because of the nature of

‘the arithmetic circuits, a negative zero cannot be generated as the result of
arithmetic operations, '

Integers not lying in the above range, as well as fractional quantities,
~can also be handled by suitably scaling such quantities so that the resulting
quantity can be represented by machine numbers,

The basic computer weighs 33,747 pounds and occupies a space, including
working space, of 26 by 60 feet. The power service required is 208 vac,
3-phase; the power factor is approximately 0.9 inductive with a power con-
sumption of 55kw. The equipment contains approcimately 4700 vacuum tubes,
6000 crystal diodes, and 130 relays, and consists of six large air-cooled
cabinets containing electronic circuits, a photoelectric tape reader, an

electric typewriter, a high-speed tape punch, a motor alternator, snd an air
conditioning cabinet.
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REPERTOIRE OF INSTRUCTIONS

The complete 1ist of instructions whieh the computer performs is presented
below, The instructions are arranged in 11 groups according to their basic
characteristics, In each listing a code representing the instruction is en-
closed in parenthesis after the name of the instruction. The operation code
portion is designated by a two-number combination and the execution addresses
by the letters u and v. In some cases u is replaced by the conditioning fac-
tors j, n, or k, as in the Repeat imstruction or the Left Transmit instruction.
In other cases v is replaced either by the repeat termination address, w, or
in some shifting operations by the factor k. The repertoire of instructions
is summarized in Table 1. To more fully comprehend the meaning of the symbols

contained in the repertoire the following. glossary of terms and abbreviations
is given, _ ' '

Word. - A combination of 36 bits.

Instruction, ~ A word, represented by i35, i34, ..., ipg, which causes
the computer to perform one or more of its operations.
The instruction consists of an operation code and,
usually, two execiution addresses.

Operation Code. - That six-bit part of an instruction, represented by

" iz5, i34, ..., i30. designating the operation to be

performed.

u. - The first execution address of an instruction, repre-
sented by ig9, i9g, ..., ij5.

v. - The second execution éddress of an instruction, repre-
sented by ij4, i13, ..., ip.

operand. - A werd on which an operation is performed.

¢ ). - Parenthesis, denoting "the contents of"

A, - The T2-bit Accumulator, A7}, A70. ..., A70.

Ag. - The left-hand (most significant) 36 bits of A.

Ag. ' ~ The right-hand (least significant) 36 bits of A.

Q. - A 36-bit shifting register, Q35, Q34, .... Qp.

X. -~ A 36-bit ekchange register, X33, X34, .... XQ.

( )j - The initial contents of a register before an operation

has taken place,.
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D{u).

S(u).

L(Q)(u).

L(Q)* (v,

" HPR.
CI.

NI.
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The final contents of a register after an operation has
taken place.

A T2-bit word whose right-hand 36 bits are (u) and whose
left-hand 36 bits are all alike and equal to the left-
most bit of (u).

A 72-bit word whose right-hand 36 bits are (u) and whose
left-hand 36 bits are all zero. :

A T2-bit word whose left-hand 36 bits are zeros and each
of whose right-hand 36 bits is given by the product of
the corresponding bits of (u) and (Q). :

A 72-bit word whose left-hand 36 bits are zeros and each
of whose right-hand 36 bits is given by the product of
the corresponding bits of (v) and the complement of (Q).

A oné—digit octal number, represented by uyg4, uj3, uj2.

A four-digit octal number, represented by uli, U10s. - -

The shift count, usually represented by V6 V5. ceev V(0o
but in the Left Transmit instruction, represented by
ug, U5, ..., ug.

ug.

Fixed octal address 00000 (or address 40001 if so manually

selected in the test mode),

Fixed octal address 00001.

Fixed octal address 00002,

A typewriter register of six bits.

The ﬁigh~speed punch register of seven bits,
The current instruction. |

The next instruction.
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56
57
61
63
71
72
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77

MULTIPLY (MPuv)
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TABLE 1.

A SUMMARY

OF THE

REPERTOIRE OF INSTRUCTIONS

TRANSMIT POSITIVE (TPuv)
TRANSMIT MAGNITUDE (TMuv)
TRANSMIT NEGATIVE (TNuv)
INTERPRET (IPXX) . ¢« ¢ ¢« ¢« « o o o &
TRANSMIT U-ADDRESS (TCuv). ... . . .
TRANSMIT V-ADDRESS (TVuv). . . . . .
EXTERNAL FONCTION (EF-v)
REPLACE ADD (RAuv) . . . . . « « . .
LEFT TRANSMIT (LTjkv). . . . . . ..
REPLACE SUBTRACT (RSuv). . . .
CONTROLLED COMPLEMENT (CCuv) .
SPLIT POSITIVE ENTRY (SPuk).

SPLIT ADD (SAuk) . . . .
SPLIT NEGATIVE ENTRY (SNuk). e v o
SPLIT SUBTRACT (SSuk). . . . . .
ADD AND TRANSMIT (ATuv). . . . . .
SUBTRACT AND TRANSMIT (STuv) . . .
RETURN JUMP (RJuv)
INDEX JOMP (IJuv). . .
THRESHOLD JUMP (TJuv). .
EQUALITY JUMP (EJuv) . . . . . . . .
Q-JUMP (QJuv). . . . . . e e e e e
MANUALLY SELECTIVE JUMP (MJjv) . .
SIGN JOMP (SJuv)
ZERO JUMP (ZJuv) . . . . v « & « «
Q-CONTROLLED TB.ANS!EIT (Q’I‘uv) . .
Q-CONTROLLED ADD (QAuv). . . .

Q-CONTROLLED SUBSTITUTE (QSuv)

LEFT SHIFT IN A (LAuk)
LEFT SHIFT IN Q (LQuk) . . . . . . .
MANUALLY SELECTIVE STOP (!ij)
FINAL STOP (FS--).
PRINT (PR-v) . . . . . « ¢ v v o «
PUNCH (PUjV) . . . . P O

oooooo
nnnnnn

cccccc

oooooo

----------

.......

v 4 s e o s &

aaaaaaaaa
oooooooooooo

oooooooooo

REPEAT (RPANW) . . . v v v v w0 o = u
EXTERNAL READ (ERjv) . . . . . . . .
EXTERNAL WRITE (EWjv).

(W)tsv «
y+1—>F), take
(U]5-29)—>V]5.
(ug.14)—v0-14
Select Ext. Equ
(u)+(v)—u

Shift (A) by k;j=0,(AL)f—=v:j=1, (AR)f-)v

(u)e(v)—>u
(u) @ (v)—u

. . S(u)—A, shift

. (A)+S(u), shift
. S(u)'—> A, shif
. (A)=-S(u), shift

(A)D(u)—v
(A)-D{u)—v’

. y+t1—u, take (

(Fo)
29

ipment and perform (v)

(A) by k
(A) by k

t (A) by k
(4) by k

v)

D{u)=1—>4A;(A)f+, (A)—u & take (v)

(u)>(A), take (
(u)=(A), take (
(Q)~, take (u);

. j=0,or 1,2,3,&

(A)=-, take (u);

(A0, take (u);
. L(Q)(u)—y

(AHL(Q)(u)—v

v)
v) ‘
(Q)+, take (v);(Q) left 1
MIS=, take (v)
(A)+, take (v)
(A)=0, take (v)

LOQY(u)+L(Q)* (v) —v

D(u)—>A,shift
(u)—>Q, shift

(A) by k, (A)g—u
(Q) by k, (Q)gy—>u

j=0,stop;j=1,2,3 & MSS=, stop

Stop and Indica

te

Typewriter performs code in vg.5

Punch (vgo.5): J
(u)(v)=(A)

(A) 3+ (w)(v)=(A)
~(A)y ¢+ (w)=(QN
Shift D(u) in A
Execute NI "n"
j=0, (I0A)—>v;
§=0, (v)—>T0A;

=1, 7th level

fA)f.(Q)—n. [(A)g=+R]
until A34#A35,(SK)——>V
times, jump to Fj
j=1, (10B) —v
J=1, (v)—I0B
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REPERTOIRE OF INSTRUCTIONS

SEQUENCED INSTRUCTIONS

1. MOLTIPLY (7luv): Form in A the 72-bit product of (u) and (v), leaving
in Q the multiplier (u). '

2. MULTIPLY ADD (72uv): Add to (A) the 72-bit product of (u) and (v),
leaving in Q the multiplier (u).

3. DIVIDE (73uv): Divide the 72-bit number (A) by (u), putting the quo-
tient in Q, and leaving in A a non-negative remainder R. Then replace (v) by
(Q). The quotient and remainder are defined by: (A)j = (u) - (Q) + R, where
0 SRS l(ul. Here {(A)j denotes the initial contents of A,

. 4. SCALE FACTOR (74uv): Replace (A) with D(u). Then left circular shift
(A) by 36 places. Then continue to shift (A) until Azq # A3z5. Then replace
the right-hand 15 bits of (v) with the number of left circular shifts, k, which
would be necessary to return (A) to its original position. If (A) is all ones
or zeros, k = 37, If u is the address of the Accumulator, (A) is left unchanged
in the first step, instead of being replaced by D(AgR).

5. REPEAT (75jnw): This instruction calls for the next instruction, which
will be called NIuv, to be executed n times, its "u" and "v" addresses being
modified or not according to the value of j. Normally n executions are made
and the program is continued by the execution of the instruction stored at a
fixed MC address F). The steps carried out are:

a. Replace the right-hand 15 bits of (F)) with the address w.
b, Execute NIuv, the next instruction in the program n times.

¢, If j = 0, do not change u and v.-

If j = 1, add one to v‘after each execution.
If j = 2, add one to u after each execution.
If j =3, add one to u and v after each execution,

d. On completing n executions, take (Fl) as the next instruction.

e. If the repeated instruction is a jump of stop instruction, the _
occurrence of a jump or stop terminates the repetitien, In addition,
- if NIuv is a Threshold Jump or an Equality Jump, and the jump to
address v occurs, (Q) is replaced by the quantity j, (n-r), where r
is ‘the number of executions that have taken place.
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TRANSMISSIVE INSTRUCTIONS

1. TRANSMIT POSITIVE (1luv): Replace (v) with (u).
5 TRANSMIT NEGATIVE (13uv): Replace (v) with the complement of (u).

5. TRANSHIT MAGNITUDE (12uv): Replace (v) with the absolute megnitude
of (u). A

- 4. TRANSMIT U~-ADDRESS (15uv): Replace the 15 bits of (v), designated by
vy5 through v29, with the corresponding bits of (u), leaving the remaining
21 bits of (v) undisturbed.

5. TRANSMIT V-ADDRESS (l6uv); Replace the right-hand 15 bits of (v)
designated by vp through vy4, with the corresponding bits of (u), leaving the
remaining 21 bits of (v) undisturbed. ’

6. LEFT TRANSMIT (22jkv): Left circular shift (A) by k places. Then re-
place (v) with (Ap) if j = 0, or replace (v) with (AR) if j. = L.

7. ADD AND TRANSMIT (35uv): Add D(u) to (A). Then replace (v) with (Ag).

8. SUBTRACT AND TRANSMIT (36uv): Subtract D(u) from (A). Then replace
(v) with (Ag).

Q-CONTROLLED INSTRUCTIONS

1. O-CONTROLLED TRANSMIT (5luv): Form in A the mumber L(Q)(u). Then
replace (v) by (Ag). -

2, Q-CONTROLLED ADD (52uv): Add to (A) the number L(Q)(u). Then replace
(v) by (Ag).

3. (Q-CONTROLLED SUBSTITUTE:(53uv): Form in A the quantity L(Q)(u) plus
L(Q)*(v). Then replace (v) with (Ag). The effect is to replace selected bits
of (v) with the corresponding bits of (u) in those places corresponding to
1°s in Q. : ’ ’

REPLACE INSTRUCTIONS

1. REPLACE ADD (2luv): Form in A the sum of D(u) and D(v). Then replace -
(u) with (Ag). . '

2. REPLACE SUBTBACT (23uv): Form in A the difference D(u) minus D(v).
Then replace (u) with (Ag).

3. CONTROLLED COMPLEMENT (2Tuv): Replace (Ag) with (u) leaving (Ap) un- |
disturbed. Then complement those bits of (Ag) that correspond to ones In (v
Then replace (u) with (Ag). I
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4. LEFT SHIFT IN A (54uk): Replace (A) with D(u). Then left circular
shift (A) by k places. Then replace (u) with (Ag). If u is the address of the

Accumulator, the first step is omxtted so that the initial content of A is
shifted, »

~

5. LEFT SHIFT IN Q (55uk): Replace (Q) with (u). Then left circular
shift (Q) by k places; Then replace (u) with (Q). :

SPLIT INSTRUCTIONS

1. SPLIT POSITIVE ENTRY (3luk): Form S(u) in A. Then left circular
shift (A) by k places.

2. SPLIT NEGATIVE ENTRY (33uk): Form in A the complement of S(u). Then
left circular shift (A) by k places.

3. SPLIT ADD (32uk): Add S(u) to (A). Then left circular shift (A) by
k places.

4. SPLIT SUBTRACT (34uk): Subtract S(u) from((A). Then left circular
shift (A) by k places. -

TWO-WAY CONDITIONAL JUMP INSTRUCTIONS

1. SIGN JUMP (4éuv): If A7) = 1, take (u) as NI. If A7; = 0, take (v)
as NI. ' .

2. ZERO JUMP (47uv): If (A) is not zero, take (u) as NI. If (A) is zero,
take (v) as NI.

3. Q-JUMP (44uv): If Q35 =1, take (u) as NI. If Q35 = O, take (v) as
NI. Then, in either case, left circular shift (Q) by one place.

ONE-WAY CONDITIONAL JUMP INSTRUCTIONS

i. INDEX JUMP (4luv): Form in A the difference D(u) minus 1. Then if

= 1, continue the present sequence of- 1nstruct10ns if A7; = 0, replace
(us with (AR) and take (v) as NI. -

2. THRESHOLD JUMP (42uv): If D(u) is greater than (A), take (v) as NI;

if not, continue the present sequence. In either case, leave (A) in its
initial state. '

3. EQUALITY JUMP (43uv): If D(u) equals (A), take (v) as NI; if not,
continue the present sequence. In either case leave (A) in its initial state.

ONE-WAY UNCONDITIONAL JUMP INSTRUCTIONS

1. MANUALLY SELECTIVE JUMP (45jv): If the number j is zero, take (v) as
NI.. If j is 1, 2 or 3, and the correspondingly numbered MJ selecting switch

is set to "jump", take (v) as NI; if this switch is not set to "jump" continue
the present sequence.
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2. RETURN JUMP (37uv): Let y represent the address from which CI was eb-
tained. Replace the right-hand 15 bits of (u) with the quantity y plus 1.
Then take (v) as NI. .

3. INTERPRET (14--): Let Y represent the address from which CI was
obtained. Replace the right-hand 15 bits of (Fj) with the quantity Y plus 1.
Than take (Fz) as NI,

STOP_INSTRUCTIONS

1. MANUALLY SELECTIVE STOP (56jv): If j = 0, stop computer operation and
provide suitable indication. If j = 1, 2, or 3 and the correspondingly num-
bered MS selecting switch is set to "stop", stop computer operation and provide
suitable indication., Whether or not a stop occurs, (v) is NI.

2. FINAL STOP (57--): Stop computer operation and provide suitable
indication.

EXTERNAL EQUIPMENT INSTRUCTIONS

1. EXTERNAL FUNCTIONS (17-v): As designated by (v) select a unit of
external equipment -and cause it to perform a function.

2. EXTERNAL READ (76jv): If j = O, replace the right-hand 8 bits of (v)
with (IOA); if j = 1, replace (v) with (IOB),

3. EXTERNAL WRITE (77jv): If j = 0, replace (I0A) with the right-hand
8 bits of (v); if j = 1, replace (IOB) with (v). Cause the previously selected
unit to respond to the information in I0A or IODBe

4. PRINT (6l-v): Replace (TWR) with the right-hand 6 bits of (v). - Cause
the typewriter to perform the operation spec1f1ed by the 6-bit code.

5. PUNCH (63jv): Replace (HPR) with the right-hand 6 bits of (v)., Cause
the punch to respond to (HPR). If j = O, omit seventh level hole; if j =
include seventh level hole., '

10
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ADDRESS STRUCTURE

The étandard address structure for the 1103A is aévfollows:

Addresses ip Octal Notation Storage Class A
00000 - 07777 Magnetic Core (lst bank, 4096 Registers)

10000 - 17777 Magnetic Core (2rd bank, 4096 Registers)
20000 - 27777 Magnetic Core (3rd bank, 4096 Registers)
31000 - 31777 Q-Register

32000 ~ 37777 Accumulator

40000 - 77777 Magnetic Drum (16,384 Registers)

This is in contrast to the address structure which is standard for the
Model 1103 which is as follows: ,

Addresses in Octal Notation Storage Class

00000 - 01777 ; Magnetic Core (1024 Registiers)
10000 - 17777 Q-Register

20000 - 27777 Accumulator

30000 - 37777 Unused

40000 - 47777 Magnetic Drum (16,384 Registers)

It is realized that some 1103A installations will prefer to use the 1103
address structure. The 1103 address structure will be provided on an optional -
basis-upon request. Im this case, only ome bank of Core Storage {4096 Registers)
is possible. The address range of the Core Storage extemnds from 00000 to 07777
to accommodate the 4096 Registers, : '

11
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INSTRUCTION EXECUTION TIMES

The following table contains execution times for the non-repeated instruc-
tions in the Model 1103A computer., In each case the instruction references
are to the magnetic core storage., The times are given in microseconds.

With the exception of the Threshold Jump (42uv) and the Equality Jump (43uv)
instructions, the execution times for repeated instructions can be determined by
subtracting 14 microseconds from the non-repeated execution times with the ex-
ception of the last execution of the repeated instruction which takes the non-
repeated duration. For example:

, T5jnw (Repeat)
1luv  (Transmit Positive)

The execution times for the Repeat and Transmii Positive instructions are

42 microseconds and 40 microseconds respectively. The execution time for a
repeated Transmit Positive is therefore 26 microseconds (40 mieroseconds minus
14 microseconds). The total time, therefore, is the sum of the times: '
42 + (n-1) 26 + 40 microseconds, or the Repeat time plus n-l1 repeated Transmit
Positive times plus a non-repeated Transmit Positive time. This expression
may be reduced to 56 + 26n microseconds. ‘

In the case of a repeated 42uv or 43uv instruction, tef microseconds must  °
be added to the time of extracting the next instruction from v if a jump is
executed, If these instructions are executed n times with a jump termination,

14 microseconds must be added to the last execution time as in the other
instructions,

12
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INSTRUCTION EXECUTION TIME

MC TO MC
INSTRUCTION MICROSECONDS INSTRUCTION MICROSECONDS
liuv 40 Sluv 48
12uv 42 52uv 50
13uv 40 S3uv . 8C
14-- 34 54uk 4842k
15uv 40 S5uk _ 4642k
16uv 40 56jv-Stop : 4
17=v 32 56jv-No S 20
2luyv 66 57-- 2.
20kv 3442k 61jv 38 (note 1)
23uy 68 63)‘1 38 (note 2)
27uy 58 Tluv 122+10(u)35 + 8 9 (u)y
31luk 3442k %
32uk 34+2k 35
33uk 36+2k T2uv | 194+10(u)g5 + 8 X (u)j
34uk = 36+2k : ' 0
22‘;‘; gg T3uv-Max.| 486 + 8(A)7]
3Tuv 38 73uv-Min.| 480 + 8(A)7}
T4jv 124 +7 (note 3)
41luve-Jump .58 75jnw 42 + Ry + P (note 4)
4luv-Ne J. 48 T6jv 32 (note 5)
42uv-Jump 46 v 32 (note 5)
42uv-No. J. 46 : "
43uv-Jump 58
43uv~-No, J. 58 NOTES:
44uy 20
45j v~Jump 20 1. Plus a lockout-time of 105ms for
45jv~-No J. 20 successive prints.
46yv 20 | :
47uv 32 2. Plus a lockout time of 16,6ms for
successive punches,
3. WhereY=: 2[36-k (mod T2)] and k is
the scale factor: 0 < k <71l. For
k = 37, use value for k = 38.
4. Where P = time for jump to F; and
By = execution time of repeated in-
struction; if n = 0, Ry = 0.
5. Plus some lockout time for succes-

sive reads.or writes

13
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Instruction: Left Transmit (LTjkv) - OPERATION CODE: 929

Left circular shift (A) by k places. Then replace (v)
with (Ar) if j = 0; or replace (v) with (Ap) &f j = 1.

Mp COMMAND SOURCE DEST
0 | Clear X ' o v | CTC-AR X
Transmit UAK to SAR CIC-PCR  |. UAK
1 Inftiate Shift A CTC-~SKC SKC
Y
Wait Internal Reference (See Note) CTC-PDC PDC
|2 If j =0 | If j =1
Transmit (A) to X Transmit (Ag) to X CTC-AR A
Clear SAR ‘Clear SAR CTC-5AR SAR
195 Transmit VAK to SAR ’ CTC~PCR VAK
Initiate Write 0-35 CIC-SCC SCC
Wait Internal Reference | CIC-PDC PBC

i

Note: No wait is generated if “k" is zero,
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THE UNIVAC SCIENTIFIC
PROGRAM INTERRUPT

. The program interrupt permits external equipment to automatically imterrupt
a program when the equipment 18 ready to commmicate with the computer. .The
- computer, upon receipt of am interrupt signal, completes the current iastruc-
‘tiow and procures the mext instruotion from the fixed address F3. Normally

. Fg contains a Return Jump instruction whiech sauses a return to the mein pre-
gram after execution of sume subroutine. Usually such a subroutine will pro-
vide for transfer of information between the computer and the interrupting
 equipment. -

.. In the case of free running external equipment such as the punched card
equipment and the lipeprinter use of the program imterrupt permits maximum
computation between transfers of informatiom. Terminal equipment requiring
sporadic {mput/output may operate in the interrupt mode so as to free the com-
puter to execute other programs when not processing information for the inter-
rupting equipment. A pushbutton on the comtrol console is available for man-
ual interruption of a pregram, ' :

THE PROGRAM INIERRUPT FEATURE
A computer operation consists of two parts:

Part One - the execution of the curremt instruction,
- Part Two - the acquisition of the mext instruection.

At the start of Part Onme, the Program Control Registers already centain the
current instruction as a result of the second part of the previous operation,
and the contents of the Program Address Countexr fs:-y+l, where y is the address
from which the curremt instruction was obtained. Unlegss the current instruc-
‘tion changes the contents of the Program Address Counter, the next-instruction
‘will be obtained from address y+l. Thus, in a normal program sequence suc-
cessive instructions are obtaiped from consecutive addresses. o

A computer operation is effected by a series of wired-in commends. During
an operation from one to eight Main pulses are generated, the number of Hain
Pulses being commensurate with the number of nou-simultameous commands re-
quired to execute the oparation. The execution of the current imstruction is
performed by those commands initiamted by Main Pulses MPO through HPS; Main
Pulses MP6 and MP7 are reserved for the procursment of the next instruction.
MP6 and MPT are the same for all {nstructions except & repeated instruction.
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CMAIN PULSE C commams

NP6 s : Traaémit-tké gontents of the Progxéi'
- : ‘Address Counter to the storage
~ Address Register :

Advance the Program Address Counter

Initinte Read (read the contents of
the address in the Storage Address
Register and transmit these con-
tents to the X-Register)

MP 7 Irahsmit thgvcantents of the X»Register".
’ - 16 the Program Control Reqis}ars‘ '

 Thus as the following MP 0 is issued the exscution of the mext instruction
begins, o _ _ -

However, if the interrupt is asctivated during the execution of an instrue-
tion, an "interrupt” signal changes the series of commands issued on MP 6,

MAIN POLSE -  COMMANDS
MP 6 Set the Storﬁge'Aﬂdress Register to

fixed eddress F3 = 00002..

Initiste Read;(read the contents of
address F3 and transmit these contents
to the X-Register) o o

There are no changes in the MP 7 commands., It should be meted that the
Program Address Counter still contains the address of the next program in~
struction; this address will be placed in sterage by the execution of & Return
Jump instruction stered at address Fg. The u-address of the Return Jump
instruction specifies wherein the contents of the Program Address counter are
to be stored for future reference, and the v-address of the Return Jump in-
struction specifies the starting address of the subroutine to be used in oper-
ating the interrupting external equipment, R

The program interrupt is activated by.a signal on an fnterrupt line in the
computer. This signal may originate in any externsl equipment whatsoever.
There is also an: INTEBRUPT pushbutton or the Supervisory Centrol Panel together
with an INTERRUPT EMABLE switch and ENABLE INDICATOR. With this IRTERRUPT
button a program may be manually interrupted by an operator. '

USE WITH FREE-RUNNING EXTERNAL EQUIPMENTS

The program interrupt can be used to advantage with free-running external
equipments which do not stop after processing each word of information. The
punched card aqnipmeut and lineprinter fall in this class. Using the interrupt
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" feature, the external equipmant automatically 1nterrnpts the program whan it :
15 ready to communicate with the computer. Thus the programmer need not e&&e»

fully determine the division of computer Liﬂn hctueen comput ing 0perations
and externral operations. ,

: At the time the external equipment s ready to transfer information be-
“tween itself and the computer, a subroutine is initiated whose purpose is to .
‘6btain a word from storage or to place a word into storage. The bBubroutine
must be completed in a speecified time called the “receptive time" of the free-
running external equipment. For instence, the receéptive time of the punched
card equipment is 1.5 milliseconds for a punching operastion and 10 milliseconds
for a reading operation. As an awtomatic precaution against errors arisisg o
from programs which violata these restriatious an 10 FKDEY oscurs,

In the cawe of external equipmsnt with & limited receptive timeq restzin-,
tions are imposed on (a) the length of time it takes the computer to execute
the subroutine which processes information for the Imterrupting equipment and
(b) the length of time it tekes the computer te flauish executing the current . .
 instruction and issue MP 6. The later restriction will in many cases prealnde

referentes to the megnetic drum since It may take as long as 34 milliseconds
to access a drum address, -Similerly, the use of the Repeat instruction iz
limited., For if the Imstruction being executed at the time the external - P
" equipmbnt 1s ready to communicate is a repested Imstruetion. MNP 6 is bipassed. °
- Only when the Repeat sequence has been completed and ¥P 6 is Issued during exe-
cution of the jump imstruction in F; will the program be imterrupted.

USE FOR INTERMITTANT INPUT

It is evident that the program interrupt faci{litates sporadic input from
either on-line equipment or high pricrity praoblems which demand impediate
access to the computer. The routines for such may be stored in the computer
memory at all times and entered by means of the program interrupt. Such a
routine may initially store the status quo of the interrupted program. Later.
the interrupted program may be restored and the. compatér will resume executing
that program at the peint of imterrmption. The pregram interrupt may also be
used to fecilitate changing parameters in a pregrem which is being executed by
the computer. For instamge, if it is desired to adjust a program on the basis.
of observed output, the adjusting parameters may be set up in some external
device and iasertad in tke pregram by actuattug the program 1nterrupt
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“MODEL 11034

' THE UNIVAC SCIENTIFIC
'MAGNETIC TAPE STORAGE SYSTEM

GENERAL DESCRIPTION

The Magnetic Tape Storage System of the Model 1103A Computer System com- :
prises a number of Uniservn tape hamdling wechanisms, which are located exter-
nally to the computer, aund an electronic control section whieh is lacated
within the computer sirugture. The number of Uniservos used is optional up
to a maximum of ten functional units. By means of manual selections the unit
designations may be assigned in any memmer to the functional units. Use of
the Uniservo units makes peossible off-line processing of information by a

variety of Univac peripheral equipments,

TAPE cgaam'-znxsncs

_ Eightschanngl recording is employed with the Uhitapes; six chdﬁ&els con-
- tain data, one channel contains a parity check bit on the six data channels,
and one channel is used to record a sprocket, or timing, signal,

Information is recorded in blocks of 720 hexebit characters or lines on
the tape, each block thus containing 120 complete 36 bit computer words. A
' recording density of 128 lines per inch is standard. The blocks are normally
-Separated by a "dead" space of ome inch on the tape. Up to 325,000 computer
words may be stored on a standard 1500-foot reel of tape. :

~ To provide tapes which can be used with sll the Univac auxiliary equip-
ments, several optiomal recording formats can be selected by program centrol,
Optienal selections include an interblock space of 2.4 inches and a subdivision

of a bleck into six blockettes each containing 120 hexabit characters and
having a one-inch, ome-teath-inch, or zero spacing between bloeckettes. In | -

addition, an optional recording density of 50 lines per inch is permissible;

The magnetic tape is always stopped in the "dead” space between blocks. .
A block of information is recoguized by means of the timing signels. The end
of a block is detected by a timing device, actuated in the last blockette,
which signifies the end of the block if the interval between timing signals
exceeds a certain length of time,

A tape speed of 100 inches per second is standard. The free-yunning
transfer rate of information between the computer and tapes is, therefore,
about 1810 computer words per second nzing a ome-inch interblock spacing
and zere bleckette spacing. ' -



SELECTION AND IHSTRBETIQN GONTBOL

The External Function instrneticu (1?~r) is used to initiate the varigus
reading, writing, and positioning operations of the Uniserves through the :
Selection and Instruction Control portion of the electronic control sectiom, . '
Coded information provided by the External Fume¢tion instruction includes the
following: (1) designation of the selected Uniserva, (2) type nf’racordiaq
format, i.e,, which bleck and blockette spacing is to be used and which re-

~eording pulse density is to be used, . and (3) type of tape operation to be pei-f
formed.

. TAPE OPERATIONS

An External Functian instruction is proqrammed to initiate a tape opera-
tion. In the case of a reading or writing operation, the External Fumetion
‘instruction which initiates the operation must be followed by an appropriate
number of External Read (76jv) or External Write (77jv) instructions to trans-
fer the information between ‘the Input/Output Register and the eempater memory.

. 1. REAB FMARD - Read data from the magmetie. tape as»samble into 36-bit
’compnter worda ‘and transfer the words to the Computer Laput/Cutput Register,_
108,

The 1aitiation of this operatien cauges the éesignated Uniservo to read

a number of blo¢ks from the tape. The reading operation must be terminated .

by a "Stop” External Function instruction which is programmed immediately-

following the External RBead instruction used to read the last word in the

‘final block, If it is desired to read one block only, the "Stog cade is

dncluded in the "Read Forward" External Functien instruction which preead&s

the 120 External Read iustructians

2. HRITE FORWARD. - Transfer words from the computer Input/Ontput Register. ‘
I0B, and rescrd on the Uniservo tape in six segments of six bite each. -

The initiation of this operation causes the Uniserfo to write a nuﬁher of
blocks on the tape and the writing must be terminated by a "Stop" External
Function ifist¥uetion which must be programmed immediately following the External
Write imstyuction used to write the last word in the final bleek. If it is
desired to write one block omly, the "Stop”:céde 15 facluded in’thé “Write”

Forward” External Function. iasaractien which precedes the 120 External Write
: insttuetlonﬁ.

3. READ BACKWARD, - Identical to “Read Forward" except thai the tape is
moved in the reverse direcction. Computer words are asxemhlad in the same
order as for the Read Forward aparation.

4. MOVE FORWARD (= BLQCKS) Hove the tape forﬁard n blnaks witheut a
read or write operation (0<gn< 12¢1)

5. MOVE BACKWARD (n BLOGKS ), - Nove the tape backward n blocks without
a read or write operatien (o< n<2 12_ 1.
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6. STOP. - Stop thevtépe after the current block has been completed.

" The stop is used to terminate a reading or writing operatxnn "Stop”
External Function instruction must be programmed immediately following the
terminal External Read or External Write instruction used to read or write
the last word in the final block, In the case of reading or writing a single

block, the “Stop™ code is included in the initiating External Functlon in-
struction.

1. REHIND. - Rewin& the iape to the leader positioﬁ.

8. REEIHD'INTERLDCK. - Rawindvthe taée to the leader position and set an
interlock which prevents further references to that tape unit.

More than one Uniservo cannmot perform an operation &t any one time with
the exception of the "Rewind” and "Rewind Interlock" operations. After ane
of the rewind operations is initiated, the Uniservo proceeds under its own
control until the operation is completed; therefore, an operation on another

"unit may be performed before rewinding is completed. Any number of functional
‘units may be rewinding coacurrently.

" TRANSFER CONTROL, PARITY CHECK, AND 720 CHECK

The Transfer Control portion of the Magnetic Tape Control System controls

. the transfer of information between the computer and the magnetic tapes through
a 36-bit Tape Register, TR, The writing operation involves the breaking down
of the 36-bit computer word in six é-bit characters and the generation of a

parity check bit for each character. The parity check bit is a "0" if the

nnmber of “I™s in the character is odd, and the parity check bit is a "1" if
the number of "1"s in the character is even; this always results in an odd

sum if the character and parity bits are added together. During the reading

operatien the parity check is made on each character read from the tape, A
“zero"™ sum indicates a parity error. When a parity error is detected, a "1"

i§ placed in bit IOAg of the IOA Register and the tape unit stops at the end
of the bleck.

When a block of information is read from magnetic tape, a check is also
made to determine if the proper number of ‘lines are recorded in the block.
“As each line is read from tape, a counter is tallied. Since a properly re-

corded block contains 720 lines, any variatien from this causes a 720 check
failure. This stops the tape unit and places & one in 10A;.

The contents of IOA must be examined by the program immediately following
the execution of the External Read instruetion used to read the last word in
the final block. If ne error occurred, the program proceeds., If an error did
occur, the tape unit is.stopped automatically at the end of the block, and a
standard subroutine in the computer can be used under control of the main pro-

gram, to perform re-reading opérations in an attempt to read the block cor-
rectly.
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The Uniserves have two features which may permit proper reading of marginal
signals whieh have resulted in a parity check failure. These are (a) the ability
to read the magnetic tape batkward and (b) the ability to change the voltage
bias., Since these changes may be made under program comtrol, it is possible
to use a reread subreutine without stopping the computer. ’

.gETEOE OF RECORDING

An “erase before writing™ method of recording is employed by the Uniservo-
tape units., That is, the tape is first "erased” to all *o"s and information
is then written by recording emly the "1"°s. This is achieved by means of an

‘erase head which is placed in front of the read-write head in the Uniservo.
Since tape is erased several inches in advance of the writing head, in writing
a block, part of the succeeding block is destroyed. Not only the informaticn
channels but also the timing channel is erased. Thus any later attempt to

- either read or move over the partially erased block will lead to a 720

check failure, :
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. TABLE 1

* EXTERNAL FUNCTION BIT ASSIGNMENT
' FOR ONISERVO GONTROL

The Uniservos are contrelled by the External Function instruction (17-v). The
External Function instruetion transfers the contents of the v-address to the
Input/Output Register, 10B. The 36-bit word thus introduced into IOB desig-
nates the magnetic tape operation to be performed. This I0B word is inter-
preted by the Selection and Instruction Control portion of the Magnetic Tape
Control System, : ' :

IoBg;
1083-10Byy

= 1 - Select Magnetic Tape Storage

i

- Select Rewinding and Stopping
.= 01 - Rewind :

= 10 - Rewind Interlock

= 11 - Step f

| 10821 ‘ - Select Block Spacing
= 0 - 1" interblock spacing
=1 - 2.4" interblock spacing

I0B20-10Bj9 - Select Blockatts.Spaeing
060 - zero spacing
01 - 0.1" spacing
10 - 1.0" spacing

i

I ¢!

10B1g-10B)4 - Select Tape Operation
= 001 - Bead Forward
= 010 - Move Forward
- Write Forward (128 lines/inch)
Bead Backward
Move Backward
Write Forward (50 lines/inch)

H o
Poiat
[
(]

| S A Y

I0B)5-I0Bjs - Select Uniservo unit or bias level
= 0001 - Uniservo 1
= 0010 - Uniservo 2

1010
1101
- 1110
1111

|

Uniservo 10
Hormal bias
Low bias
Righ bias

it
1

1

.
1

' 10B11-10Bg - Select the number of blocks to he‘mnved.



- Equipment
Unityper II
Uniprinter II

Uaivac I Internal |

‘Card-to-~Tape II
Tape-to-Card I
High Speed Printer

Teletape-to*
. Duaitape

Unitape-to*
Teletape

Onitape Trans-*
mission

‘Univac Scientific-
internal

*Under Development

Tape *

MODEL, 11034

- TABLE 2

UNITAPE STANDARDS

Dehsity~
Length ~ (Characters/
(feet) inch)
200 50
1500 50
1500 128
1500 128
1500 128
1500 128
1500 50
200 128 .
1500 128
- 1500 128 -
1500 128

Space-inches

Ilﬂ;er“ \
Blockette

2.4
.
0

1.2 - 2.2
1.0
2.4
1.0
1.0

1.0

Inter-Block
Space-inches

2.4
2.4
2.4
2.4
2.4
2.4
2.‘4
1.0
1.0

1,0

1.0
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VARIABLE. BLOCK LENGTH
~_ ON THE
11034 UNISERVO TAPE SYSTEM

- GENERAL

As an additional feature, extra control circuitry will be provided on an
optional basis to allow a variable block length format o the 11034 Uniserve -
tape system. The standard fixed bleock length format mode of operation iz nmet .
altered in any manner by the additioa of Variable”black'equlﬁgtni;

- Program selection of the variable block mode is sccomplished by setting
‘bits IOB)g and IOBsg both equal to one in the word issued by the External . .
Functions Instruction. The control of the varioms tape functions. is provided -
by the same control bits as for fixed block length format with three exceptions;:

‘1. The varfable block mode automatically selects the ome inch interbleck -
spacing. ' ‘ S '

2. Writing on tape in the variable block mode can be done at a pulse
density of 128 pulses per {nch only.

3. There is no provision for space betwesn blaékettes.

READING VARIABLE BLOCK

_ Variable block length reading is initiated, ome block at a time, by an
External Function (17-v) imstruction with the following bits selected: -
I0B19 = 1, I0Bpp = 1 (Variable Block); all other “selects" being the same as
those for fixed block length reading. In the same manner as in fixed block
reading an External Read instruction must be programmed to trangmit each com-
puter word from IOB into storage. - :

The tape unit will automatically stop at the end of the block. This con-
trol function is achieved by sensing the absence of sprocket pulses in the
space between blocks. Specifically, the stop control is activated when the
sprocket pulses have been absent for a period of time equal to that of 12
sprocket pulses. A code will be placed in I0OA to indicate the end of block
condition. This code consists of a one in IOA;. o

When writing on the tape, an erase head erases the tape a leangth of 5 inches
alivad of the write head. Because of this, at the end of the last variable bleck,
there will' be a 5 inch end of variable record gap. An attempt to read' im this
gep will cause the tape unit to stop and an end of variable record indicator to
be placed im I0A. This indicator consists of a onme in 1045,



. - In variable bloek reading, the hexabit chargcter parity check is vetsfined.
A parity error causes an indicator to bé plaead n I0A. This Indicator com-
Usists of aone dm XMg, . SRS

It is possible to program an External Funetion instruction to stop tape
‘reading during the reading of a variable block. In this ecase, the tape unit
- 4s braked 1o a stop. . The exact distance the tape will coast cannet be pre-
-eisely determined and {f the read operation is again rosumed information will
‘be lost. ' B ' o

WRITING VARIABLE BLOCK
Variable block writing 51"5,," {nitiated by an External Funeiion (i 7-v} instrue-
tion, with the following bits selected:

 10By5=1; all other "selects” belng the ssme as for fixed block writing:
~. b fixed black writing, an Extermal Write lastruction must be programmpd .
“for cach word. transmitted from ‘sterage to the tape mnit. . . .o

At the end of the writing operailon, astup External Funetion selestion
. mist be issued immediately following (within 25 mieroseconds) the terminal
-External Write-instrustion. . o T T A

. There 1s an grase head spaced approximately five imches preceding the read/
-record heads, thus the five inch space following the last written block will
‘be blank, This gpace i85 used to sense the end of variable:-record econdition. .

" when veading. -~ . . . L : S L

Aq oddeeié&gché¢§‘£i; is autbéatically'reéerded with éaeh‘hexabii character .
~on the tape.,
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 DESCRIPTION OF THE
INPU-OUTPUT INTERLOCK SYSTEM
QN 10A AND 10B

- A functional part of each of the inpatvcuzput registers IOA and IOB is a
flip~-flop interlock.

1. Transmissions from I0B or IOA to eﬁtetgal equipment.

When am Externagl Write imstruction causes IOB or 10A to be loaded from
storage, the flip~flop interlock is set to thé "one"™ state. The removal of thig
word from IOA or I0B by s piece of external equipment sets the interlock back
to the "zero™ state. In the event that a second External Write instruction is
executed before the external equipment has obtained the previous word from IO0A

or I0B; the execmtion of the External Write instruction is held up until the
interlock is cleared (at the time the previous word is trausmitted to the ex-
ternal equipment). _

However, if the external eguipmant calls for the mext word from I0A or IOB
before IOA or IOB has been loaded by an External Write instryction, am I0 FAULT
will occur. This is a class B computer fault,

2. Transmission to I0B or IOA from external equipment.

Whent a transmission from & piece of external equipment to IOA or IOB
occurs,,the flip~flop interlock 1s set to the "one™ state; the execution of an
External Read instruction causes the flip-flop to be set back to the "zero"
state. If an Extermal Read imstruction attempts to read from IOA or IOB before
the flip-flop has beem set to the “one™ state by the externmal equipment the
execution of this imstruction is held up. When the next word is transmitted
from the external equipment, the flip~flop is set to the "one" state and the
External Read instruction is completed. If the external equipmeat attempts to
transmit a word to IOB or TOA when the flip-flop is im the "one™ state (the
last word is still in 10A or I0B), an IO FAULT will occur. This is a class B
fault. :

The general principle which israchieved by the interlock system is that if
the computer is proceeding at a rate faster then the peripheral equipment, the
computer waits at each imput or output operation for the peripheral equipment.
On the other hand, if the computer cannot keep up with the peripheral equipment
the I0 FAULT cccurs.
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MODEL 11034

THE UNIVAC SCIENTIFIC
STORAGE OF LOADING ROUTINES

General

Programs may be loaded into the Univac Scientific, Model 11034 by
means of the Uniserve tape units, the punched card equipment or ths rhoto-
electric reader. Since each of these input devices is controlled by the
External Function instruction, a short stored program is required tc read
information into the compruter, A program for loading from magnetic tape,
punched cards or papsr tape can be more or less p=rmanently stored on the
magnetic drum, However, the loading routine is subject to obliteration by
programming or operating errors and tests of the drur system,

The need for manually reentering a loading routine may be svoided
by storing a cory of the routine in the relatively invulmersble "dead space"
on the magnetic drum., Should the leading routine in the normal drum storage
be damaged, it may be rastored by a transfer from the dead space,

The Magnetic Drum Dead Space

In addition to the tracks on the drum which are used for storage cf

information there is a tizming track and a mark track. The timing track
notches are used tc identify discrete angular positions of the drum. The
mark track contains & single notch which ssrves as a reference point during
“each drum revolution from which angular positions are counted, The first
4096 timing notches following this mark indiccte the lines on the drum which
are normally addressable., Those positions between angular position 4095 and
the mark at angular pesition O are called the "dead space®, Every drum has
a dead space of at least 128 linss,

The angular position of the drum corresponding to a program address
is identified by a coincidence between the contents of the Angular Index
Counter and the interlaced address, Normally there is no communication with
the dead space since when the Angular Index Counter reaches 4C95 the next
timing pulse produces an "end carry® which dissbles the coincidence detector
until the mark is reached. The Angular Index Counter continues counting. At
the mark the Angular Index Gounter is reset to zero and the coincidence
detector énabled,

‘ By means of an ABNORMAL/NORMAL DRUM switch on the Supervisory Contrcl
Panel the lockout on the coincidence detector may be reversed. When, this
switch is set to ABNORMAL, the lockout is established by the mark pulse, The
coincidence detector then remains disabled until the Angular Index Counter
counts up to 4096, In this case there is mo communication with the normal
4096 lines of drum storage but the lines of the dead sSpace are addressable,



ADDRESSING THE DEAD SPACE

The addresses avallable in the dead space duplicate the normal drum
addresses but because of interlace are not completely consecutive., For
exarple, assuming 128 lines are used in the dead space, the addresses avail- -
able with an 8 interlace are:

4C000 ~ 40017
41000 - 41C17
42000 - 42017

47000 - 47017

with comparable sets for groups 5, 6, and 7. When the ABNORMAL DRUM is sel-
ected references to these addresses will result in communication with the
dead space. References to other addresses will cause the computer to "hang
up". When the NORMAL DRUM is selected there is nc comrunicstion with the
dead space.

A relatively inaccessable switch is available for disabliing the MD
WRITE VOLTAGES except during nocrmal cperation, This is toc insure thal cperat-
ing errors will not affect programs stored in the dead space.



UNIVAC PERIPHERAL EQUIPMENT
FOR USE WITH THE

UNIVAC SCIENTIFIC, MODEL 1103A

1 December 1935

DIVISION OF SPERRY RAND CORPCRATION

5 NGINEERING %smca ;‘;’ssocmzs OIVISION

1902 WEST MIKNEHANA AVE $T PAUL W& MINNESQGTA



UNITAPE



UNITAPE

'¢Ihe Bnitape is used to recarﬁ data instractions or canxtantS*rﬁrAthe Hﬁivagfs
;iScientifie System. A _ R «

‘ '-fmsxc sp&gmcmam

_The tape is metalliei IfE“ uide and approximately @ 662” thick It is supplied
.im 1500°, 500%, 200° 'or 100° lengths as .ribbon wound -on reels E“ in diamster;
The shorter. ‘reels, 200° and 100° are primarily for use wlth the Bnitypers. A
iteel 6" in diametar is used with Bnityper II.t N ' .

];The plated surfaee of the tape will withstand at least 709 passes over a mag-r
metic raading~ra¢erﬂing head without destroying or ¢ausing appreciable deter‘j

- loration-of the ‘magnetic pxopertleﬁ ﬂhder narmal ccnditiens seyerai times
a8 many passes may he»axpeﬁted.; . _ ;

~'Infermatien is/xﬁﬁorded an the tape by the Bnity?erf Card~rb-Tape Converterv;~~*
- and by Univsc Scientifis, The deasit; at which the characters are recorded
- depends upon the component or in the ¢ase of Uniw
structions used. ' Characters way be recorded at a density of 100 2o 1%8
pulse& per linear inch or 50 pulses per linaar 1neh

J.

;kThe tape capacity of a 1500‘ reel depeads upon tae densigy -of the recardingg“ :
;g Pulseiﬁ& 31t,:

v": Law ; g-ansitz

1, 440 000 characters ’ - 288, 000 charactera
- 240,000 words ‘ 120, 000 words
: ;A S 2, 600 blackx ok OﬁO b!ccks

The equivalent capacity of the tape\is approximataly 16, 080 to 25 000 punched
'eards. : ‘ _

JAPE ERASIRE

'The metallic tape may be erased as often as desired and new infoigatian'rQA :
- corded on it ' ‘ SR : ; R

ﬁ.aﬁgﬂégﬁgé.ﬁﬁﬁé

A joint is pravided at the end of the tapes to permit. the quick commecting or
Adixeanneetinq of tapes without ranhrsading. S ' ‘

‘Stisatifie upon the in-



gtapa A metal ring inserted 1
‘tion of the "Write" Anstruction proyic Jy £
erasura of the tape. - When the. rawrding on the tape

ring 48 inserted by’ the aperatar. ~Tts usa still pej
: ‘A rubbar plug prevents the tape im.‘umia&iug. o

: 'rapes are em:e.fully tested té:f "nﬂnre I proper recordmg surfaces. fhl
fore and aﬁizer any ':.m_per:ecp- areas and additional tape - lengt ;
for nched areas. . 1625% are supplied for a 1500° t

> ipuschm holes ‘are- sensed. and passed. ayer by the components on which tlw
- msed.
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“THE UNISERVD

PURPOSE

The Uniservo transports tape over a standard magnetic head (for reading and
recording) under the control of Univac Scientific Computer System. -

BASIC SPECIFICATIONS

The Uniservo is housed in a cabinmet, the upper section of which contains the
réel mounts and is covered by a sliding plastic door. The door canmnot be
opened without turning off the main operating switch on the fromt panel of
the Uniservo. The entire front panel is easily removed, giving access to the

Ioops,

- Height 61"
Width 30"
Depth ' 21-3/4"

. Working Space 6°5" by 5°9"-3/4"
Weight ' 463 1bs.

OPERATION

INPUT FUNCTION

A Uniserve may be used to read the coded, magnetic dots on the tape moving
forward or backward and transfer the data in the form of electronic pulses
to Univac Seientifie. '

OUTPUT FUNCTION

A Uniservo may be used te record the results of Univac Scientific procés-‘
sing in the form of coded, magnetic dots on a metallic tape moving forward.

REEL, MOUNTS

The reel mounts hold the standard 6 inch dr 8 inch reel of tape.

TAPE HANDLING SYSTEM

There are 3 independent servo systems - the center drive and the reel
motor servos. The center drive is controlled by Univac Scientific. The
tape around the center drive hub is isolated from the tape reels by two
loops of tape. The reel servos are controlled by loop size detectors.



MYLARTAPE CONTROL

Mylartape {s used between the reading and writing head of the Uniservoe and
the magnetic tape., The Mylartapé moves at approximately 10 inches per hour.
It prevents the reading head from wearing and drastically reduces magnetic
tape wear. ' :

STANDARD MAGNETIC HEAD

The standard'magnetic'head reads from or records in 8 channels. Seven of
the channels are used for the six data bits and a parity bit of the Univac
Scientific System and the 8th channel is a sprocket channel.

TAPE SPEED

100" per second.

SAFETY SWITCHES

The Uniservo is fully equipped sith safety switches which stop all motors
and apply brakes if either of the two loops exceeds the prescribed limits.

CONTROL

The control of a Uniservo is maintained by Univac Scientific and exercised
during a program by the following types of instructions:

Read Forward
Read Backward
Record at high pulse density
Record at low pulse density
Rewind without interlock
Rewind with interlock
Move Forward

- Move Backward

CONNECTION TO UNIVAC SCIENTIFIC

As'many as 10 Uniservos'may be connected to Univac Scientific at any one

time. Uniservos may be electrically interchanged without affecting the
program,

Power for the Uniservos is supplied by Univac Scientific.
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UNITYPER IIX

PURPOSE

Unityper II records on metallic éagnetic tape the coded symbols of the alpha-
betic and numeric characters of a standard typewriter keyboard as well as cer-

tain symbols used by the Univac System and prints simultaneously a typed copy
of the recording, : ’

PHYSICAL CHARACTERISTICS

Unftyper II consists of three units assembled together: a modified Remington
‘Electric Typewriter, a Tape Panel, and a Power Supply.

Height 14-1/4"
Width ™
Depth = 24"
Weight 100 1bs..

The Unityper II is a self-contained, portable unit which is intended for opera-
tion on a regular drop-center typewriter desk of suitable center depth, The
working space required for a Unityper II is the same as that allowed for a
typewriter, A tape panel is placed on top of a special case-work extending to
the rear of the basic typewriter umit. The power supply is located under the

tape panel and contains all the necessary circuitry to provide voltages for
recording and erasing. ‘

OPERATING CHARACTERISTICS

A. The Remington Electric Typewriter

The Remington Electric Typewriter keyboard includes all the standard
alphabetic and numeric characters aud pumctuation marks. The letter
spacing is 12 characters per inch. Certain modifications to the stan-
dard keyboard and type font have been made which are as follows:

1. All alphabetic characters are represented by capital (upper case)
letters. : ' : -

2. The numerals appear on the top row of keys in their usual lower
case position and include a key for the figure 1 located to the
left of the key for figure 2,

3. A standard ten key numeric bank (3 keys wide and 4 keys high) is
T superimposed on the right half of the alphabetic keyboard in the
upper case positions. Other upper case positions either duplicate
the alphabetic characters in the lower case positions or carry
special Univac Symbols for editing and controls, and additional
punctuation symbols.



B.

4.A Qperatioh'of the space bar places a caret (A) on the copy.

The Tape Panel

The Tape Panel houses the following:

1. the take-up reel with a fixed length of leader attached to it,

2. the supply reel mount on which the operator places the tape before
recording. Unityper II uses a reel, six (6) inches in diameter.
It holds 200 feet of tape on which more than 55,000 characters
can be recorded. .

3. a magnetic head for recording.

4. an erasing head which obliterates previously recorded information
< before the new recording takes place.

S. other electrical and mechanical devices requifed to control the
direction and timing of the tape motion.

6. the operating lever which contrels the cycle of LOAD LEADER, TYPE,
REWIND and UNLOAD operations.

The Power Supply

Unityper II operates from 115 volt, 60 cycle, AC single phase powefAlines.
Its power consumption is 75 watts., Line voltage variations of as much as
+ 10% are permissible. -

Recording Operation

1. Typing Rate
A mechanical bail interlock system is incorporated in the typewriter
to prevent the striking of two keys at once. This device limits the
typing rate to a maximum of twelve (12).characters per second.

2. Pulse Density

The coded symbols are recorded by Unityper II on the metallic tape
at a density of 50 characters per limear inch.

3. Line Length

A ten-inch carriage travel is permitted, allowing 120 digits to be
placed on a line. A line guide with 120 numbered divisions indi-
cates to the typist the digit position at any point in the line.
Each line of 120 digits is referred to as a "blockette™ and occu-
pies 2.4 inches on the tape, When the carriage reaches the 121st
digit position, the operator may then operate the TRIP Key which
will print an underscore and return the carriage. As the carriage
is returned, an additional 2.4 inches of tape move by the head to
.allow for space between blockettes.



Block Length -

A block of information consists of six (6) blockettes (including
the space between blockettes) or 720 digits and occupies 28.8
inches on the tape. Space between blocks is the 2.4 inches be-

tween the 6th bleckette of one block and the 1st blockette of the
next,

E. Control Keys

1‘

3.

4,

Operating Lever

A mechanical operating lever is mounted on the left side of the
Tape Panel and controls the cycle of LOAD LEADER. TYPE, REWIND
and UNLOAD. The lever is pulled by the operator to perferm two
types of operation: to load the leader or to rewind the tape.
The tape moves during these operations without motion of the
carriage. The lever is inoperative, when the access door to the
Tape Panel is open, when the carriage is not in the first charac-
ter position, or when a Load or Rewind operation is in progress.

LOAD LEADER

As the operating lever indexes the control cam into the LOAD
LEADER positions, Unityper II automatically loads fifteen feet
of tape as a leader on the takeup reeél,

REWIND

In the first-digit position of any line or blockette, an opera-
tor may choose to type or to REWIND To REWIND the operator
pulls the operating lever.

» Fill Selector Switch

The operator may select, with the use of the Fill Selector Switch,
either zeros or space symbols to fill in the rest of the field,
blockette or block (See Tabulater or FILL Key).

Backspace Key

The backspace key moves the carriage and tape backwards one digit-

space at a time, erasing the information on the tape at the same
time.

Erase Key

Operation of the erase key returns the carriage to the beginning of
the line, advances the paper feed, moves the tape backwards to the

beginning of the blockette, and erases all recorded information in
that blockette.



5.

Fill Key

‘Operation of the fill key causes the carriage to move to the mext

tabular stop.” As it does so, the tape is also moved a correspond-
ing distance and fill-in characters are recorded on the tape. The
tabular stops are set manually and functzon in the same manner as
those on a standard typewriter.

Trip Key
When the TRIP Key is depressed at the 12ist digit‘position. it wills
a. print an usderscore
b. return the carriage

¢, move Lthe tape forward 2.4 inches to allow for space between
blockettes and blocks,

d. advance the paper feed.

No information is recorded on the tape during the TRIP operation.

CHECKING FEATURES

1.

The access door to the Tape Panel is locked while the operator
loads the leader, types and rewinds the tape.

The keyboard is locked during the LOAD LEADER, REWIND and UNLOAD
operations,

The operator cannot .move the carriage is either direction except
from the keyboard, in which case there is either some symbol prin-

ted on the paper, or a blank area of paper which indicates a fill-
in operathn

The TRIP Key may be depressed at any position other than the 121st
digit positien, but will merely primt an underscore without meving

either carriage or tape and without recording any character on the
tape.

If a REWIND operation is attempted when the carriage is in any but

the first-digit position, the operating lever turns freely, but
nexthet the tape nor the carriage moves.
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UNIPRINTER

PURPOSE

The UNIPRINIER converts the coded, magnetic dots rgcérded on a metallic tape
to a typewritten copy.

BASIC SPECIFICATIONS

The UNIPRINTER consisté of two assemblies conmected together by a cable: the-
Tape Reader and the Printing Unit.

Tape Reader Printing Unit

Hefght 47-1/2" 44-1/2"

Width 29% 29"

Depth 21-1/2¢ o 21-1/00

Working Space 6°5" by 5%9-1/2% 65" by 5'9-1/2%
Weight 410 1bs. 244 1bs,

OPERATION
TAPE READER

The Tape Reader contains the motors énd standard magnetic reading head over

which the tape passes. It also contains its own power supply and other
electronic components,

~ PRINTING UNIT

The Printing Unit is an integral part of the UNIPRINTER. It prints the
letters, numbers and symbols that are read from a tape mounted on the Tape
~ Reader and performs the typewriter actions such as Carriage Return, Tabula-

tor Key, etc., in accordance with pulse combinations on the tape (See
Printing Unit),

' SPEED -
About 10 characters per second.

CONTEOL SWITCHES

A set of switches for control of power and starting and stopping the opera-
tion of the UNIPRINTER are found on the top at the right hand side. A for-
ward and rewind switch controls the direction of the tape, An operate and
clear switch clears the circuits prior to operatjon. (See also Control
Switches for Printing Unit),



| UNIPRINTER
POWER REQUIRENENTS

The UNIPRINTER operates from 110 velt 60 cycle AC single phase power lines.
The current rating is about 9 amperes,
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PURPOSE

THE UNIVAC

'HIGH SPEED PRINTER

~ The High Speed Printer is a device for transcribing data, read by a Unlservo
from Univat magnetic tape, to paper. :

PHYSICAL CHARACTERISTICS:

The High Speed Printer is housed in four cabinets one of which contains a mod-
ified Uniservo, another of which contains the paper supply and feed system and
the printer unit, and the other two of which contain the electronic circuitry
necessary to control the tape and printing unit

: Height  Width Depth Weight " Floor Area
Printer Unit 48" 47-1/2" 32" 800 1bs.* 10.9 sq. ft.

Electronic Unit (PS) 66-1/2" 50-7/8" 32" 2000 1bs.

®

11.1 s8q. ft.

‘Electronic Unit (MEM) 66-1/2" 50-7/8" 32" 1200 1lbs.* 11.1 sq. ft.
Tape Unit (Servo) 60" 30" ‘ 24" 650 1bs. 5.0 sq. ft.

® Approximate

- OPERATING CHARACTERISTICS:

A,

The Tape Unit

The magnetic tape unit for the High Speed Printer is a clutch-operated
Uniservo, It reads the blockettes from the tape to the electronic unit
according to the requirements of the printing unit., The Uniservo oper-
ates with the standard 1500 ft, reels of ‘magmetic tape. The pulse
density can be either that produced by the Unityper II (about 50 per
inch), or the Card-To-Magnetic-Tape Converter (about 120 per inch),

or by the Computer System Uniservo (about 128 per inch). In the latter
case each block of data should occupy about 13.4 inches of which 2.4
inches is the space between blocks, 5 inches are the 5 spaces (of 1"
each) between the blockettes, and 6 inches are the spaces occupied by

the 6 blockettes, Up to 7500 blockettes can be put on each High Speed
Printer reel of tape.-

The Printing Unit

1. Printing Speed - The optimum balance between speed and quality of
printing is attained by running the High Speed Printer at 400 lines
- per minute. However, the printer is supplied with pulleys to pro-
vide a selection of printing speeds of 200, 400 or 600 lines per
minute. Since primt quality is improved at lower speeds, it is




4.

6.

70

recommended that the printer be run at 200 or 400 lines per,minute;
If an unusually heavy prinmting load is encountered the 600 lines
per minute speed can be used to handle these transient loads.

Ché;ggzer Span - 130 per line.

Although each blockette contains only 120 characters, the printer
has 130-wheels, the additional ten of which may be used also by
proper wiring of a plughoard. These 10 additional characters when

used, are duplicate printings of characters elsewhere in the block-
ette. ' o

Characters Spacing

10 per inch horizontally; 6 perihchbvertically.

Characters Available

26 alphahetic'capitals;

10 numerals;

13 miscellaneous symbols and punctuation marks as follows:
S5 % ., = * " v . . ()Yse /

Total - 51 characters,

Lines Per Inch

6 for single space;

-3 for double space;

2 for triple space;
Paper |
The paper feed will handle any sprocket fed paper up'to cardstock,

either blank.or preprinted, from 4" to 27" in overall width., At
least 4 carbon copies and one original oopy can be made using

paper between 11 and 13-1/2 pounds in weight.

Plugbosrds

- The High Speed Printer contains a two-panel plugboard with a total

of 1632 hubs, The function of the plugboard is to control the for-
mat of the printed page. One section of the plugboard controls the
relationship between the position of a character on the tape and its
printing position in normal printing. Other sections of the plug-
board are required in multi-line printing to select the characters
to be printed on each line and to place them in the desired posi-

. tions. Some or all of the above sections are also brought into use

for multiple printing, Other sections are involved with zero sup-
pression and finally, one small section controls the line spacing

 (single, double, or triple space).



=wF$ktvFeed

Operatihg Synchronbnsly with the paper is a paper loop ou which up

.to 7 channels ¢an be punched with holes. When the paper feed is

under the control of the paper loop, the paper is advanced at the
rate of 20" per second until a hole appears in the contralling
channel, The particular arrangement of holes on the paper loops

is governed by the particular layout or form. Four of the channels

. are responsive respectively to the symbols € / ? and = pre-

10.

12,

13.

viously recorded on the tape. The appropriate symbol is placed

in the first digit position of the blockette concerned. The fifth
and sixth channels are self-responsive, Whenever a hole appears
in the fifth channel, the fast-feeding starts and continues until
@ hole is encountered in the sixth channel, The fifth channel is _
overridden if a symbol calling any of the first four channels into
operation is received simultaneously., A fast feed symbol must ,
cause at least one line to be skipped. The seventh channel re-
spouds to the paper homing operation.

Multi-Line Arrangement

Any blockette of 120 characters may be multi-line fed through oper-
ation of the multi-line feeding plugboard instead of the normal
Plugboard. The appearance of a carriage return symbol (r) in the
first or second digit etdi
absence or presence of s fast-feed symbol initiates this mode of
operation. The blockette may be printed in as many as 6 continuous
lines arranged in any way desired as set up by the plughoard.

Zero Suppression

Zeros to the left of the first significant digit can be suppressed
in up to 18 fields. A minus sign is considered a significant digit.
Different zero Suppression fields can be observed on normal print-
ing from those on multi-line printing,

Printer Breakpoint

Printer Stop

The appearance of the printer 5top (2) will Stop the machine and

Prevent the printing of the blockette in which the printer stop
symbol appears. _

Multiple Plugging

Characters may be plugged so as to print up to three times on the
samg line for normal printing. In multilipe printing a character

may be printed up to three times on each line of the group.



€. Control Keys
1. Start Mode Switch

The Start Mode Switch has three positions: start initial, start
continuous and single line. The start initial position causes the
printer to clear the memory, read in a new blockette, print it and
continue to ¢ycle thereaft:er, The start continuous picks up where-
ever the printer may have stopped, prints the contents of the mem-
ory and continues from there. The single line start prints the
memory and then stops, leaving the memory intact.

2. Breakpoint Switch

By means of this sw1tch breakpoint symbols recorded on the tape
may be either observed or ignored.

3. Home Paper

Under the control of the paper loop the "home paper” circuit ad-
vances the paper to a position of readiness for the first linpe.

4. Tape Load

*

The tape load key cuases the tape leader to move over the readinq
bead but to stop before the first blockette appears,

5. Read, No Primt Switch

The Read, No Print Switch causes the printer to read successive
blockettes in either direction without printing them. In conjunc-.
tion with the Breakpoint Switch, the Read, No Print Switch is use-
ful for searching through a tape. The Primter Stop symbol stops
the Read, No Print operation in any event, as does a tape error.

6. The Manual Stop Switch

The Manual Stop Switch steps the printer after the reading opera-
tion but-before printing. The switéh may be operated at anytime,
In particular, the read, no privt opération may be used to search
a reel lacking breakpoint symbols, in conjunction with the manual

stop operation. This may be followed by a single-line start opera-
tion.

7. Read One Block Forward or (Backward)

The Read One Block switches causes the printer to read qne‘blockette
‘from the tape in either direction and them stop. If used in conjunc-
~tion with the Read Mo Primt Switch, however, reading continues until

an FFI symbol is encountered. Normally, an FFI symbol marks the
beginning of a form: ~



8. Print, No Read Switch

The Print, No Read Switch causes the printer to print the blockette
in the memory repeatedly. The tape does not move.

9. Computer Digit Suitch

Under normal operating conditions, the printer intarprets as func—
tions or ignores the various non-primting symbols, as the case may
be. However, by setting the computer digit switch to computer
digit eopy and using a plugboard which is set up with a basically
 one-to-one wiring, the printer can be made to produce a copy from
which all tape characters can be interpreted. Since only 51 charac-
ters of a possible 63 appear on each type wheel, dual purpose is
assigned to certain characters., In order to distinguish printing
characters from non-printing characters in computer digit copy,
two lines are used: the first line contains only normasl copy, the
second line contains omly the substitutive symbols fer non-printing
symbols. A table of equivalents can be supplied. ~

10. Paper Spacing

By means of the paper spaciﬁg Controlbkey the paper may be advanced
" one line (single, double, or triple space, as set up).

11. Paper Position

Fine adjustment of the paper position (particularly for positioning
the printing with respect to pre-printed lines on forms) may be
done while the printer 1s in operation.

12. Impression Control

Impression control permits variation in the strength of the print-
ing hammer stroke.

D. [Power Requirements

Approximately 15.2 kva of 60-cycle AC plus about 1 kva of power at con-
venience outlets are required by the ngh Speed Printer, This power
can be taken from any two wire input in the range of 190 to 250 volts.
Basically designed for a single phase power input, the power can be

obtained also from either a 2- or 3- phase system No external regulé-
tian is necessary.

CHECKING FEATURES

The following cﬁecking features are provided:

1. Each coded combination from the tape is subjected to an odd-even
~check, Each combination from the memory is also checked. Any even
scmbinations -at either point stop the printer



The number of characters within each bleckette frnh the tapé'is
counted; 1f any hlockette eontains more or less than 120 charac-
ters, the printer stops.

The address lines going into the gas-tube type memory for storing
each blockette between reading and printing are checked in order
to ensure that every address is used at least once.

~ The driving circuit for each printing hammer is checked for fail-

ure to fire or spurious firing.

A fast-feed symbol from the tape overrides a fast-feed signal from
the laop. If both signals should oceur simultaneously, the single-
digit memory for the loop fast-feed must be cleared before fast-

feeding can occur, A check circuit inhibits further operation if

the loop fest-feed memory is not cleared in the presence of a fast-
feed signal from the tape.

The printer stops if the tape reaehed its end.
The printer stops when the paper supply runs out,

The.printer stops when the ribbon supply runs out,
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THE UNIVAC |
MAGNETIC-TAPE~T0~PUNCHED-CARD CONVERTER

PURFOSE

The Magnetic T&pe-To—Punched—Card Converter is used to fead data from Univac
‘magnetic tape and convert that data into standard 12 row 80 column punched cards

Various checking clircuits observe the process and give warning in the event of
fault or error, '

-

PHYSIGAL CHARACTERISTICS:

The Magnetic Tape-To~Punched-Card Converter comsists of three cabinets, one of
which contains a modified Uniprinter Tape Reader, one of which contains a card
punch and the third of which contains the electronic circuitry necessary to
control the tape and card punch units in addition to the equipment for reading,
punching and checking, In addition a small motor generator set is provided as
part of the equipment, ' . '

Length  Midth Height  Weight Floor Area

Card Punch 38" 36" 48" 800 1bs. 9.4 sq. ft. -
Tape Dnit 30" 24" 60" 400 1bs. 5.0 sq. ft.
Electronic Unit 190" *40" 90" 3,000 lbs. 39.5 sq. ft. —
Motor Generator Set 56 18" 20" 600 lbs. 7.0 sq. ft.

“® with air conditioner
*% with air conditioner duct work

The threesunits and the motor generator set are appropriately cabled together.
Cooling is provided by a commercial air conditioning unit which is furnished
with the system. The commercial air conditioner must be supplied with ordinary

tap water at a rate depending upon the water temperature and varies approximately
as follows: '

45 F 125 gal./hour

60 F 165 gal. /hour

70 F 225 gal. /hour '

80 F 355 gal, /hour T
9 F 855 gal./hour

Complete air conditioning equipment weighs approximately 750 pounds. On later
Productien models the converter may be designed to allow an option for cooling
directly from 50 degrees F water without the air comditioning unit. This modi-
fication will reduce space, weight, and power requirements slightly.



Power requirements are as‘followsz} Single phase 220 volts + 10%,h70,amperek,
-and single phase 115 volts + 10%, 20 amperes, or three phase 220 volts + 10%,

—

35 amperes, and single phase 115 volts, 20 amperes.

OPERATING CHARACTERISTICS

A,

Card-Punching Unit

The Card-Punching Unit.will punch an 80 column card providing for the
numbers O through 9 and the letters A through Z. If required the
equipment may be furnished to include tabulator characteristics. The
blank card feeding magazine has eapacity for 800 cards. The receiving
magazine also has an 800 card capacity. A magnetic drum unit is used
for storing the data read from the tape and transferred to the cards.

The Tapé Unit

The magnetic tape drive unit is a modified Uniprinter Center Drive Tape

Panel. The tape unit accepts the standard Univac magnetic tape reel
holding 1500 feet of tape. :

The Conversion Process

1. Conversion Rate: 120 cards per minute maximum,

2. Data Allocation:

a, One blockette on the tape (120 colunns) produces one
punched card.—

~

b. One column on the tape is punched in only one card column
and one card ¢olumn is punched from only one tape column.

¢. A removable plug board permits the selection and rearrange-
ment of fields.

3. Unplugged Card Columus

The converter regards an unplugged card column as a blank column
while a plugged card column, which receives a code combination

- for which there is no punch hole combination, will cause an error
and stop the converter.

4, _Beel Capacity

A 1500 foet magneiic»tape reel prepared for use with the Tape-To-
Punched-Card Converter helds approximately 1850 blocks of data,
of six blockettes each. ‘ _

3]



CHECKING FEATURES

The basic sequence of operations of the Magnetic Tape-To-Punched Card Converter
is to read the tape, punch a card, read the card punched, and compare this latter
reading with the information read frem the tape. Any detected error causes the
converter to stop. The reason for the stoppage is indicated and s simple sys- -
tematic routine for restart (at the point of error) is provided. '

1. Comparisem Check

Each card is read after it is punched to obtain the data that has
been punched and compare it with that recorded on the tape. If
the comparisen fails to give complete equality the card is rejected
and the converter stops, S

2. Odd-Even Check

The blockette being read into the converter and the recording on
the magnetic drum are subjected to an odd-even check. If any
plugged digit of the 120 digits does not pass the odd-even check
the converter stops.

3. The 120-Digit - Check

The number of digits in the blockette is counted., If thé count
finds either greater than or less than 120 digits the converter
stops.

4, Magazine Check

The converter will stop if the receiving magazine is full or the
feeding magazine empty)

5. End of Tape Checking,

The converter will stop when the end of information on the tape is
-reached, (This requires a properly placed stop code on the tape,)
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THE UNIVAC
PUNCHED-CARD-TO~MAGNETIC-TAPE CONVERTER

PURPOSE: The Card-To-Magnetic-Tape Converter is a device for reading data from
standard 12-row 80-column punched cards and converting that data into
a recording on Univac magnetic tape. Various checking circuits ob-
serve the process and give warning in event of fault,

PHYSICAL CHARACTERISTICS:

The Card-To-Magnetic-Tape Converter consists of three cabinets, one of which
contains a modified Uniservo, one of whieh contains a card-feed and the third
of which contains the electronic circuitry necessary to control the tape and

card-feed units in addition to the equipment for reading, recording and
checking, ,

Height  Width  Depth  Weight  Floor Ares
Card-Feed | 36" 30" 30" 320 Ibs. 6.2 sq. ft.
‘Tape Unit 60" 30" 24" 650 1bs. 5.0 sq. ft. -
Electronic Unit _ B 50" 32" 2,265 1bs. 11.1 sq. ft.

OPERATING CHARACTERISTICS:
A. Card-Feed Unit

The punched-card feeding unit consists of an input bin with 1000 card
capacity, two brush-type -card-reading stations in which electrically
common brushes rest over elecirically isolated segments, a reject bin
of 400 card capacity, an output bin of 1000 card capacity and s mag-

netic drum for recording and playing back a tailor-made row-sprocket
signal for eath card. I o

B. The Tape Unit
The magnetic tape unit for the Card-To-Magnetic-Tape Converter is a
clutch-operated Uniservo. The tape unit accepts the standard Univac
magnetic tape reel holding 1500 feet of tape.

C. The Conversion Process

1. Instantaneous Conversion Rate: 240 cards per minute,

2. Pulse Density: The recorded symbols are recorded on the tape at a -
density of 120 pulses per inch, :



Do’

3.

6.

Date Allocation:

Each card is assigned 120 digit spaces (one blockette) on the tape,
The 86 digits from the card may be rearranged in any way desired
by proper wiring of a plughoard unit, If desired, up to 24 over-
punched (X or Y) columns on a card may be separately recorded as
minus and ampersand, respectively for the overpunches and as appro-
priate numerals for any other punch in the column, Further, these
overpunch symbols may be distributed as desired. Thus the caxd
data may be spread over as many of 104 digit spaces within the 120.
The remalning unplugged columns are recorded as zeros or space syam-

bols as determined by the plugboard and the blank column selector
switch, .

Unpﬁnched (Biank) Columns:

A colamn carrying no hole may be recorded either as a zero or a
space symbol depending upon the pesition of the blank column sel-
ector switch., The plugboard carries a blank column control hole
by which all unpunched columms up to and including a prespecified
digit in the item may be recorded as one symbol and after which as’
the other symbol. The choice of which symbol occurs first depends
upon the blank column selector switch,

Reel,Capaclty

Each reel of tape (1500 ft.) can hold the information from 8 max-
imum of 4000 cards.

Symbols Available:

The Converter can accept combinations of holes representing 26
alphabetic symbols, 10 numerals and 4 miscellaneous symbols
(/,~, spate, and &), The ampersand and minus signs are gener-
ated by the Y and X overpunck, respectively, the vinculum (/) by

a (0-1) and the space by a nil columm prowided the blank column
selector switch s$o indicates.

CQntrol Keys

I.

2,

Fill-In Key:

Each operation of the fill-in key inserts an entire block of minus

"signs on the tape or completes a partially filled block so as teo

‘indicate the end of the information on the tape.

Leader Key:

Each operation of the leader key inserts about 15 feet of blank

leader,



4.

‘Rewind Key:

The rewind Rﬂy-eauses the Uniserve to rewind the tape.

Blank Colgmn'Seleetogiﬁiitg 2

The blank eolumn,selaéter.switeh has two positions marked "O™ and
space (A). Whichever symbol is indicated by the switch pointer

. {5 used to racord any unpunched holes unless the blank-columm con-

trol hole of the plughoard is connected to one of the item positions
(2 to 120) of the Columm Split Control section of the plughoard. Inm

- the latter case the opposite nil symbol is used from the item pos-

ition prior to the position plugged te the hlank column control
hole through the rest of the blockette,

E. Power

The CarduTa*magnetic-Tape Canvarter requires approximately 11KVA of
60-cycle A.C. This power can be taken from a 208-volt source (across
two lines ef a three—phase system) or a 230~volt source. Line voltage
varistions of as mch as + 10% are permissible.

The basic mode of operation of the Card-T o-Magnetic Tape Converter is to re-
cord on the tape, read backward and read forward from the tape, the last opera-
tion taking place in comjunction with a second reading of the card through a.

‘second and independent set of brushes into circuitry which, although the same
as used on the first reading, has beem so shifted in relation to the brushes
that each punch position is handled by a different memory element.

l'

3.

HMispunch Detector:

.This mispunch detéctor examines each column for more then one
punch in each of three domains: (X, Y, 0) and (1-9). If either
of these damains.gaatains.msre than one punch the card is rejected.

1§§eed Bgtgcgo

Each card as it passes the first reading station generates the
feed signal for the next ocard, If ever a card fails to feed, the -

Converter no longer attempts to feed cards until the operator pro-
vides amother start siqnal

Co: ggg;ison Chagk,

'Eaﬁh card is read tﬁice. the first time to obtain the data that is

recorded on the tape; tha second time to provide again the card data
for comparison with the data recorded on the tape from the first

reading, During the time between the two card-reading operationms,

the tape is reversed and repositioned at the beginning of the cur-
rent blockette., If the comparison fails to give complete equality,
the card {s rejected, the Converter stops feeding cards, and the
tape is repositioned for recording over the same area of tape,



Darinq'the reverse cyele between record and comparison, the newly

'A recorded blockette is subjected to an odd-even check; during the

formard comparison the data are given another odd-even check. If
any of the 120 digits do not pass the odd-even check the card is
rejeetedﬁagdsthegConvertar stops. o :

The 120-Digit Cheek:

Duftng the ba&kward read and the forward comparison check, the num-

~ ber of digits in the blockette is counted. If either count finds

either grester than or less tham 120, the card is rejected, the
tape is repositioned, and the Converter stops.

Eagg,gggntgr: |
The Card Counter is advan§ed;each-time all other checks applied to

a ¢ard conversion have been met. If any check fails, the counter
is not permitted to move, In addition, the counter itself is

- chiecked to ensure its operation.

Recording Level Chegk:

Separate.$igﬂal.ahd noise checks are made on each recording by

Switching the tape amplifier gain between the backward and the

forward cycles.
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Remington Rand High Speed Printer
Directly Connected
~ to the
Univac Scientific Computer
Model 1103A

The Remington Rand High Speed Printer is norrally operated off-lins
by means of Univac tape. It is optionally available %o be directly
connected to the Univac Scientifie, kodel 11034, computer system.

In this on-line mode, information is transmitted to the buffer sior-
age of the high speed printer through IOB. The high speed printer buffer
storage has a capacity of twenty 11034 words (ome blockette of information
on the Univac tape.) This buffer store must be loaded with twenty words
for each line that is printed.

Control of the high speed printer on the on-line mode is bj reans
of the External Function instruction. The printing operation is initiated
by the presence of a bit in I0B,, placed there by the execution of the fix-
ternal Function instruction. Following this, twenty External Write instruc-
tions must be executed to set up the printing of one line. Succeedi ng lines
are printed by the transmission through ICB of twenly words per line.

Printer selection, an External Function
I ) Y
Bags 0323 and 40«29 equal to one.

The time of execution of the twenty Extermal Write instruetions will
be approximately ten milliseconds. There is then a 90 millisecond interval
for the printing operation. The input-output interlock functions in the
normal manmner to allow synehronization and under standard mode the computer
woulc be locked out for the 90 millisecond period. However the nigh speed
printer will be capable of using the program interrupt feature which w*ll ‘
free the computer for other computation during the 90 millisecond period.

To drop the P S

peed
instruction must s bits IOR
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Fodel 11034
Univae Scientific

External Function Bit Assignment

Certain external equipments are controlled by the External Function instruc-
tion (17-V). At present these are the Ferranti Tape Reader, the punched card
equipment, the Lineprinter, the Oscilloscops Display Unit and the Uniservo

tape units. The External Function instruction transfers the contentis of the
V-address to the Input/Output Register I0OB. The 36-bit word thus introduced
into 10B designates the external equipment operations to be performed. .

The following is the assignment of master bits for selecting existing external
equiprents: The master bit must be used with each External Function instruction
to select a particular equipment.

IOBB ‘Card Unit®

5 -
IOB34 - Line printer

IOB33 - Ferranti Tape Reader®
10832 - Oscilloscope Display Unit

10331 - Uniservo Tape Units

Specifie functions of the external equipment are selected as follows:

CARD UNIT

IDBO - Read

IOBl - Punch

IOB2 — Pick Read Card

IOB3 -~ Pick Punch Card

IOBA - Stop (drop selection)

IOB5 -~ Free Run

'1037_ - - Interrupt

IOBBS -~ Start Cycle (master bit)
LIMEPRINTER

IOB9 -~ Stop Paper

IOBlO - Print

*This master bit differs from that assigned to equipment used with Model 1103
computers



IOB11

10812

10813

I0B,
34

-

- Interrupt

- Skip

- Jump

- Start (rmaster bit)

FERRANTI TAPE BEADER

10815

IOB16

LOE33

O30T COPE DISPLAY UN

IOB18

10B; 4

IOBZO

10821

10522

10832

UNISERVQ TAPEL

- Stop Reader

- Start Reader (Fres run)

- S8elect Reader (haster bit)

Close Shutter

- Open Shutter

- Operate Shutter

- Stop Display

- Initiate Display

- Seleet (kaster bit)

URITS

IOBO .

10812.

10B. .
®16

I0B, .
19

I0B
21

108
59?

108
31

L3

.IOBll

. 10B
15

. I0B
18

«I0B
20

IOB23

Block Count (Tape movement)

Uniservo Selection and Bias Selection
Read, Write, Move Selection

Blockette Spacing, Variable Block
Length Selection

Block Spacing

Rewind and Stop Selecticn

Select Uniservo Units {Faster bit)
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TELETYPE BRPE2 HIGH SPEED TAFE PUNCH
EQUIPMENT FUNCTIONAL CHARACTERISTICS

I}esigned_.for use with: High speed message traffic or data handling systems
vhere all impulses of each permutatiocn code signsl
are conveyed to the Punch simultaneously. Used with

seven-level perforated taps.,

Functiomal
Characteristicss This equipment consists of a motor driven, magnet
controlled, perforating device for preparing fully
perforated tape. It is equipped with a tape reel
and brake assembly which controls the tape tension
during the rapld acceleration and deceleration of
the tape that occurs during the rapid starting and
stopping of the tape feed,
Operating Speeds: Maximum of 60 tape frames per second,
Approx, Physical
Characteristies v »
Dimensionst : Approximately 7-1/2 x 11 x 17 inches
Fower: 110/120-wvolt, 50/60-cycle, single-phase
Finish: Grey Craeﬂe
Theory of Deaign:' The motor of this equimment is connected to the

punching mechaniam without the interposition of a

clutch., An eccentrie on the main shaft is comnscted



with & punch bail. This punch bail 1s connected to a
mmber of drag 1inks (which operate the punch pins)
through sets of two toggle arms. In no signal
operation, the toggle joint of the two arms is
broken by & blocking bawl, and mo holes are punched,
When a signéi is received for a particular level of .
the tape, an appropriate armature is energized, re-
‘moving its respsctive blocking bawl. A hole is them
punched for that level, |
A similar arrengement is used to drive the tape
feed mechanisﬁ. A drag 1ink, not under the control
of a blocking bawl, is used for punching the feed
hole in the tape.
Start-stop and information signale used to operate

‘this equipment are received from the auxiliary contrel
circuitry but are synchronized by an impulse ’criginat-
ing in the Punch unit itself.

Operation: An 8-inch tape reel is used for supplying tape to the

| unit. Means are provided for indicating tape supply
still on reel. A draver is provided for chad disposal,

~ OQutput tapes may go into baskets or onto takeup reels,



FERRANTI MARK II TAPE READER
'EQUIRMENT FUNCTIONAL CHARACTERISTICS

Designed for use with: High-Speed electronic digital computers. It may
. be used with a 5 or 7 unit standard teleprinter taps.
Functional Description; This equimment consists of a photoslectric perforated
tape reader with a friction type tape drive. B lens
are used in the photoelectric system. The drive mechs-
nlam is controlled by auxiliary circuitry.
Operating Speeds: Maximum of 200 tape frames per second.
Approx. Physical Characteristics |
Dimenzions: 9 x 11-1/2 x 11-1/4 inches, 37 pounds
Powers | 115/230-volt, 50/60-cycle, single-pnase
D. C. Voltages (44 Stabilized)
+300 volts (5 ma,)
+150 wolts (20 ma,)
<150 volte (20 ma.)
=300 volts (5 ma,) -
Finigh: Grey Crackle
Theory of deasign; ' Thia equipment is designed for long life, reliable
‘ operation, and minimum tape wear. The drive mechanism

is designed for fast starting and stopping. Since mo



sprocket wheels are used, tape damage is minimized.

A friétion drive is used for feeding the tape
through the Reader, the driving roller forming pert
of a differential gear system whose cage is driven
continmwously by an induction motof. The roller is
started and stopped by the application of electro-
magnetically operated brakes to one or the other of
the output shafts of the diffe?ential.

The outputs of the photocells of the photoelectrie
system are amplified before being pfesented to the
auxiliary equipmént. A feed-hole pulss, Qoincident
with the other cutputs and obtained from~the photocell
associated with the tape sprocket hole, may be used
in controlling the tape movements,

QOperations The equipment is designed for rapid loading of paper
tapes., Tapes may be supplied from eithar baskets or
supply reels. The output tape may go inte a basket

or onto a takeup reel.



FERRANTI SPOOLER
FQUIPMENT FUNCTIONAL CHARACTRRISTICS

Daaigﬁad for use withy Ferranti L%.rk II Tape Reader ‘speaificany, but 1s
| suitable for many other applications. Tape widths
of 11/16 to 1 inch may be used. |
Functional Description: The equipment is a dual purpose unit designed to »
|  feed tape either to or from a reel under low tension. |

Oﬁerating Speed: Maxiwum of 25 inches per seconé;
Approx. Physical | |
Characteriqticsx " ‘
Dimensions: - Approximately 12 x 10 x 7 inches
Power: - 115-volt, 60-cyele, éingle—phé.ae
Finish; ' ' Grey Crackle
Theory of Desigm: | The tape iz passed over g:;ide pillars, and léapsd

~ around a sensing arm, free to move under its own
weight up and down in & slot, The relatively 1light
weight of the arm produces the only tension on the
tape. Depending on which ‘mode of operation is nsed,
the spool motor is driven or braked when the arm

" reaches its upper position. .The reverse action
occurs vheg the spool is in its lower poeAiticn.



Operation:

This equipment is suitable for paper tapev of any
width between 11/16 and 1 inch which is wound on

& 2 inch diemeter hub. The maximum oapacity is a reel

of 8 inch outside diemeter, representing a lenfg‘bh' of
nearly 1000 feet of tape 0,004 inch thick,

’rhe changeover from take-up to supply is made by

8 two-=position switdh, and in either mode the tape

may be let out on either end of the unit,

The unit is provided with a convenient carrying

-MQ.



REMINGTON RAND FERFORATED TAPE COMPARATOR

EQUIPMERT FUKJTIQNAL CHARACTERISTICS

D;signed for use with:
Functional Deseription

Operating Speeds:

Approx. Pnysieal
Characteristics

Dimensionss
Povers
Type of Ca}binet Work:
Finisgh;

Theory of Design:

Seven level perforated paper tape,

This equipment contains a dual tape &rive vhich
allows two perforated tapes to be read in synch-
ronism., The data in corresponding frames of the |

two tapes are compared. The tapes are driven at

full speed until a differemce is detected, where-
upon they atop. This allows an operator to inspect
tapes and mark the faﬁlty frame,

Each tape runs at 3 inches per second or 30 frames

per eee:;nd.

Do not exceed 12 x 12 x 12 inches, 3 pounds.

115-volt, 60scycle, single-phase, . -
Compatible with Tape Printer in appearance,
Remington Rand Grey Crackle.

Tpis equipment is designed for long lifeg reliable
operation and minimug tap_e Vear, ?‘he reader is
driven by a motor and a cluteh designed for fast

Vatoppdng vhen an error is found., The tape sensing

- -



Operation:

pins drive type C or transfer contacts to allow
direct comparison of the two sets of pins when they |
are sensing holes; Contacts are closed for full
18C° of eycle. 4 common contact provides proper
timing for the flow of sensing current.

This equipment is designed for easy lcading'and uﬁ—

loading of paper tapes, It is arranged such that

~ tapes can be supplied from either baskets or supply

reels. Likewise, the cutput tapes may go intc baskets

or onto takeup reels.
The tapes wlll stop in & known position after an

error is detected so that there is no question as to

- which fremes contain the diserepancy which has been

detacted,

The comparison is independent of tape codes but
will allow the comparator to diéregard one or more
leveis in the tape if required., This feature is
hendled internally and is accessible from the out—

gide of the case,



REMINGTON RAND FERFORATED TAPE PRINTER

EQUIPMENT FUNCTIONAL CHARACTERISTICS

Designed for use withy

Functional Descriptions

Operating Speeds:

Seven level po:foratéd tapes conuining information:
in binary code. Six of the seven levels are to be
interpreted as bioctal mumbers and the seventh
level may contain control punchings. Printing is
on standdrd 2-inch adding machine tape.

This equipmeént consists of an electromechanical
perforated tape reader and a 12 digit printer of

the type frequently used on adding machines. Six
pogitions in each frame are interpreted as two octal
digits so thé.t two print bars are set for each frame
of tape read. In the usual situation there is a
seventh level punching in every sixth frame of tape. .
This punching is adjacent to the last frame of each
six frame word. A counter will cause thé print
mechanism to be actuated every sixth frame and a
comparison circuit will cause the printer to stop
when there is mo seventh level punching‘ coincident
with the count of six. There is an internal dis-
connest to allow ove:rooming thig checking fe%ture.

At lesast three frames per second.



Approx. Physical
Chardecteristics

Dimensions:

Powers

 Type of Cabinet Works

Finishe

Theory of Design:

Qperation:

Do not exceed 12 x 12 x 18 inches and 15‘ pounds
115-volt, 60-cycle, single-pl;zase.

Compatible with Tepe Comparator. |

Remington Rand Grey Crackle.

Thia equipment is designed fqr long life, reliable
operation and minimum tape wear, The nature of the
tape reader to thr translation equimment is
sim@le and reliable, | '

The oqﬁipment is designed for easy loading and un-
loading of paper tapes. It is such that the tape
may be supplied from a reel or a basket and taken

up on a reel or dumped into a basket,



ELECTRODATA MODEL 453 MANUAL TAFE PURCH
EQUIPMENT FUNC TIONAL CHARACTERISTICS

Designed for uﬁe withy Perforated Tape. Tape may have up to eight levels.

Funétional Description: The equimment is a mechanism used in punching
misecellaneous holes in a paper tape.

Approx. Physical

Characteristiess
D.ﬁ_nensi@s: _ ' 3-1/4 x 5 x 3«1/2 inches
Power: Fope fequirgd
Finishs Blue~grey crackle
Theory of Design: The unit contains the neceesary parts to align and

position a tape such that the degired levels of a
tape frame may be punched by means of a pin inserted
in the proper guide holes. Aligmment of the tape is
obtained by placing feed holeg in the tape over guiaa_
pins mounted in the base plate,

Operation: | ;I'ho unit ie manually operated.



GRISWOLD FIIM SPLICER MODEL R-2 MODIFIED

BQUIPMENT FUNCTIONAL CHARACTFRISTICS

Designed for use withs

Mtibn Deéeription:

Approximate Physieal
Characteristics

Dimensions:
Power:
Finishg

Theory of Designs

Operations

Filme end tapes with a maximum width of 1+3/8 inches.

The equipment is a mechanism used in the splicing of

- a perforated tape.

'3-1/2 x 5 x 8-1/4 inches

Hon required
Black enamel

' The equipment contains the neceasary parte required

to aiign and cut two tapes which are to be spliced
t;gether, and to hold the ends of the two ta.pes\
together while the adnesive used 1s drying, Two

sets of clamps, hinged to the base plats, are used

to hold the tapes. Properly spaced pins in the lower
jaws of the clampe are used for aligmment of the tapes.
Edges for cutting ﬁha tapes are mounted on the lower
jave of the clamps, the mating edges being on the |
base plate. When the tapes have been cut and ad-
hesive has been appiiod, the tapes are held in place

v égainat the base until dry.

This equijﬁent provides a quick, efficient means of

- splicing two perferated tapes,
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Preliminary Characteristics
Floating Point Arithmetic
Univac Scientific Computer

Model 11034

As an optional feature, additional control and arithmetic circuitry
will be provided to perforrm Floating Point Arithmetic. The repertoire of
floating point instructions is as follows:

l. Floating Add (FAuv) Form in Q the normalized rounded packed
floating point sum of the contents of u and the contents of v.

2. Floating Subtract (FSuv) Forn in G the normalized rounded packed
floating representation of the contents of u minus the contents
of v.

3. Floating Multiply (FMuv) Form in Q the normalized rounded packed
floating point product of the contents of u by the contents of v.

Le TFloating Divide (FDuv) Forr in G the normalized rounded packed
floating point gquotient obtained by the division of the contents
of u by the contents of v.

The Floating Point Word

The floating point word used is a packed, normalized number, using a
base 128 characteristic and a fractional mantissa. MNore soﬂclfigall
real number can be represented, at least approximately, by (xe2 ’ where
x is a 27-bit real number such that 1/2 < T | <1, and where y'is an integer
or zerc. The 1103A packed normalized floating point representation selects.
that subset of the above spproximations such that =128 € y £ 127.

The floating point word structure is:

1 8 27

S and M denote the 1's complement representation of x-227, while C is
the representation of y + 128, or, when S = 1, C is the 1's complement form
0fy+1280 .

That is, for x¥ O,
8=0if x>0, S =1 4f x < 0;
S =27 -2
x = (=1) Bl -2 })s+ (--1)S M‘Z- ?}and
S
y= [(28~1)S+(—1) c] - 128,

while if x =0 then S =C = M = 0,



-

If the mantissa becomes zero, or if the characteristic becomes negative, -
as the result of one of the four floating point instructions, the result left
in Q is a positive zero.

If the characteristic exceeds 255, an alarm is initiated.

Using this word format, comparisons between two floating point numbers
can be achieved by the ordinary comparison instructions. Furthermore, by
using the complement form of the characteristic, instructions (Transmit
Magnitude and Transmit Negative) can be used for floating point transmission.

Timing

The time required for each of the four floating point operations is
given below. These times include operand access and next instruction acquisi-~
tion.

Floating Add Minimum 136 microseconds
Average 181 n
Maximum 234 n
Floating Subtract ; 4s above
Floating Multiply HMinimum 178 microseconds
: Average . 262 "
Maximum 392 "
Floating Divide Minimum 652 microseconds
Average 664 n
Maximam 676 "
Registers

Besides the registers now found in the arithmetic section of the 11034,
the Floating Point modification will involve the following additional registers
~and transmission paths. These are internal to the Floating Point sequence
control. '

G register, an 8-bit register, the comtents of which are always treated
as non-negative. It carries no sign bit. The bit positions of the C register
are designated

D register, an 8-bit register similar to C. Its bit positions are
denoted

D7 D6 D5 D4 D3 D% Dl DO. |
S register, a 9-bit subtractive accumilator. The bit positions of 3
are denoted

58 87 S6 35 84‘33 82 Sl SO.



The arithmetic in the S register is ones complement. S8g is used as both an
overflow bit and a sign bit. This register is able to bs complemented.

Pransmission Paths
From (87 —— SO) to (XB4 — X27).
From C to D.
From ¢ subtractively to S.
From D to C.
From AL to X.
Iiming Tables

In the tables given below, it will be noticed that for each operation,
the main bifurcation point has been the sign of a and c. In addition, it is
possible that the exponents of the two operands differ by more than 27. I
this is the case, there is said to be pmo intersection between a and c. If
this is not the case, there is said to be intersection between a and c.

For additién, the average time has been derived by comsidering only the
intersecting cases. The average time was computed as followss

If a and ¢ agree in sign,
Minimum add time = 78 c.p.
Maximum add time = 87 c.p.
Average = 83 c.p. or 166 microseconds

If a and ¢ are of opposite sign:

Minirum add time = 79 c.p.
Maximum add time = 117 ceps

- Average 98 cep., or 196 microseconds

The average of these two figures is 181 microseconds.
The other averages are straightforward.

The reason for more than one mumber in certain entries (as in add,
intersection, |sum| <1) is that if a rounding overflow occurs, one shift
may be saved.

A1l entries in the charts are in clock pulses, each of which is
approximately 2 microseconds. '

NOTE; All entries in the tables should be increased by 4 clock pulses.



.o[*a

) Floating Add FhAuv: () = a2l , (v) = c-2f3- spacked and biased,
Case 1 a_and ¢ of the same sign
%
Ro intersections Intersection ﬁ
b v,4 b< d b d b 4
lsum 151 | lsm! ¢1 | lsum |71 {lam <1
‘a0 64, 67 74 75 or 76 77 79 or 80
<0 67 70 77 78 or 79 £0 82 or 83
Gase 11 d ¢ _of opposite si

In thé following table, s is the number of normalizing shifts required
in the event that the first sum is not greater than or equal to 43 1= s = 25

Yo intersection Intersection

b7d | b<d b > d b <4

owm 154 | Jsam 1<% [lsun | 7 4 | lomm ! <% ]

' 83 + s A 86 + 8
a0 65 68 75 or 76 or 78 or 19 or
’ 8, + 8 87 + 8
5 : I
| 8, +8 87 + 8
a<?®0 66 69 %76 or 77 or 79 or 80 or

85 + 8 88 + 8




~5—

vFloa.ting stltiply Puv: (u) = aq2b, (v) = c,2d, packed and biased.
.If b+d>127, or if b + 4 < =128, the ¢peration requires:

b2o | b<
a>o |25 26
a<o |27 28

If the multiplier is negative, its complement is entered into Q, and
the characteristic position of Q is set to 0. If the multiplier is not
negative, it is entered into Q, amd the characteristic position set to 0.
The rwultiply time of the mantissas is then given by the formula

26 26
36 + 4 § ;s where § 93 2 1.
i=0 ,

i=0
The following table is the case when b + @ is in proper range,

A that 139 V
-128 £ b + d £ 127, -
8 and ¢ same sign a and ¢ oppégiﬁe éi@
54 bit product] 53 bit product pf'idz(l:: 53 bit produect
Rounds Rounds “ 1 Rounds | Rounds

to 54 bits to 53 bitsh to 54 bits| to 53 bitg
a20 |8l +45q, |1+ 495182+ 4% aq s +4zqi 82 + AZqi 83 + Azqig
< |
a<0 |84+ 42% 84 + I*Zqi 85 + 42%83 +4, Zqi g3 + AZqi 8l + I*Zqiv




Floating Divide FDuv: (u) = a.2b, (v) = ¢+2%,  packed and biased

The basic divide time used in this chart is 217 ¢lock pulses,
plus 3 clock pulses if (Azl)l = 1, and plus 4 clock pulses if there is
an end correction, Thus for negative dividends, the time is 220 plus
perhaps 4 clock pulses; while for positive dividends, the basic time is
217 plus perhaps 4 clock pulses,

s ——————————————— N
‘%b—d> 127 b-d < -128
a {0,cc0 32 33
a<0,c?0 31 32
a>0,¢< 0 21 28
a>}0,c>/'0 26 ‘ ~ 27

If, however, - 128 <b ~ d < 127, the fcllowing times prevail,

| | |

g and c same sign a and ¢ opposite sien
| Juotient| » 1 lQuotient [< 1 || quotiend ¥/ 1 | |Quotiemt | <1
326 + 4e ; 327 4 4e
a 50 322 + 4e¥ ‘ or 323 + e 2 or
a 327 + 4o . 328 +tle
329 +4e | 328 + 4e
a<o 328 + 4e | or 327 + e ; or

330 + re : 329 + 4e
i 1

*¢ = 0 if there is no end correction; e = 1 if there is an end correction
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