














SECTION 111

Reading Tape

Tape To Printed Copy:

The High Spe:d, or line printer is a device for large volume printing of the
data recorded on magnetic tape. FEach ten-word item recorded on tape at 128
characters/inch printed on a 120 character line, or, if desired, through
format plugboards, selected fields of the item may be printed on as many as
six different lines. Through use of these same plugboards the digits in the
10-word item may be printed in any desired column, and provision is also
made for automatically suppressing nonsignificant zeros. A punched papér
tape loop controls the vertical format of the printing. The present model
uses continous form stock, although a cut form attachment is in development.
The rate of printing will of course depend on the vertical format to some
extent, but speeds of 300 to 600 lines per minute are obtainable. The

speed is variable depending on the number of carbons desired. The printer
can print any of 51 characters. The checking features include an odd-

even and 120-character check on the reading from the tape, a check on the
internal memory, and a check on the proper firing of the print hammers.

The Uniprinter is an electric typewriter, identical in its action to the Super-
visory Control Printer except its input as magnetic tape, recorded at the low
density of 20 characters/inch. The Uniprinter is used where low volume
printing of extreme flexibility in form is desired. The printing rate is

about 8-10 characters/second and the typing format is controlled by type-
writer control symbols recorded directly on the tape with the data. In this
manner, the typing format can be as variable as that obtainable from a typist.

Tape To Punched Card:

The magnetic Tape-To-Card Converter produces an 80 column punched card from
each 10-word item recorded on tape. A plugboard allows the selection of any
80 digits of the item to be entered in any of the 80 card columns. The
checking features are the odd-even check and a 120-check on reading from tape,
memory check, and a comparison of the punched card with the data stored in

the memory. The conversion takes place at a rate of 120 cards/minute with tape
recorded at a density of 128 characters/inch.

Tape To Computer:

This is accomplished by Uniservos which are described in Section 1V.
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SECTION IV

Uniservo

Communication between the Univac and the auxiliaries described in Section II
and III is established through magnetic tape. The Uniservo is the means by
which the Univac reads or records magnetic tape. As many as ten Uniservos
may be connected to the Univac at the present time. They are numbered from
1 to 9, the tenth being labeled the -. A Uniservo may read or write tape

at the discretion of the program, and is two-directional in its action. 1In
defining the direction of tape motion we shall use the simplified picture
shown below.

Read-Write
Head

\Y/

Left Reel Right Reel

A reel of tape is always mounted on the left reel. It is connected to a
pre~threaded leader which is permanently fastened to the right reel. Removal
of a reel of tape and meounting a new reel takes about 1/2 minute. When tape
is moving from the left reel to the right reel, we say the tape is moving in
the forward direction. When tape moves from the right reel to the left, the
tape is said to be moving backwards.

SECTION V

Instruction List E

5n_m, This instruction causes the computer to write on Uniservo n (n = 1, 2,

«++9,-) the block, 60 words, from memory cells mym - l,...m - 59. m must be

a multiple of ten. The writing is at the high tape density of 128 characters
/inch, with the tape moving in a forward direction. The write instruction

is carried out in three steps:

1) The computer determines whether:
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2)

a. Another write instruction is not still in progress
b. The last write was properly executed
c. Uniservo n is free (not engaged in a rewind or read instruction)

If all of the above queries are answered affirmatively, it proceeds
to step two; otherwise, it remains at step one until all queries are
answered yes. These queries are called the write interlock tests.

The block in m through m + 59 is transfered to the 60-word output
register, r0, and Uniservo n is started. At this point the central
computer is released to continue executing instructions, the output
control circuits taking over control.

The block in r0 is recorded on tape, first the word that came from
cell my, thenm + 1, etc., and last to be recorded is the word from
cell m + 59. Within each word, the first character recorded is from
digit position 1, then, 2, and finally position 12. After the last
word is recorded the tape stops and Uniservo n is free as also are
the output circuits.

7n m, This instruction is identical to the 5n m instruction, except the write
density is 20 characters to the inch. This density is used only when the tape
is to be printed on the Uniprinter.

ln 000, This instruction causes the computer to read into rI in a forward
direction (the block just to the left of the read-write head on Uniservo n).
The read instruction is carried out in two steps.

1)

If all of the

step two,

The computer determines whether:

a. Another read instruction is not still in progress
b. The last read was properly executed
c. Uniservo n is free (not engaged in a rewind or write instruction)

above queries are answered affirmatively, the computer proceeds to
otherwise it remains at step one until all queries are answered vyes.

These queries are called the read interlock tests.

2)

Uniservo n started, the tape moves in a forward direction, the cen-
tral computer is then released so that it may continue executing
instruction, and the input control circuits take over control of the
read order. As each character passes under the read-write head, it
is read and this information stored in the block lengths input
register, rI. At the conclusion of the read instruction rI will
appear exactly as rO appeared when the block was written. At this
point the tape stops and Uniservo n and the input circuits are
freed.
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2n 000, This is the backward read instruction, and is identical to the 1ln 000
instruction, except that the block read into rI is the one to the right of the
read-write head, the tape moving backwards. Even though the block is read back-
wards, its appearance in rI is the same as though it were read forward.

30_m, This instruction causes the computer to transfer the block in rl to memory
cellsmym+ 1, «oey m + 59, rl is cleared only after the transfer. m must be a
multiple of ten.

This instruction is carried out in two steps:

1) The read interlock tests (described under the 1ln 000 instruction)
are performed. If they are answered yes, step 2 is executed.

2) The 60 words stored in rl are transferred to the memory beginning
with cell m, the last word in rl going to cell m + 59. After
completion of the transfer, the computer is released to continue
executing instructions.

3n m, This is a composite instruction, performing first a 30 m, and then a ln 000.
4n m, This is a composite instruction, performing first a 30 m, and then a 2n 000.

6n 000, This is the rewind instruction, causing all of the tape on the right hand
reel to be passed over to the left reel. This instruction is executed in two steps:

1) The write interlock tests are performed.

2) The Uniserve n is started, moving tape backwards. At this point
the central computer is released and the rewind control circuits
continue the rewind process.

At the conclusion of the rewind, the tape may be read forward or written upon.
8n 000, This is the Rewind with interlock instruction. Its action is identical

with 6n 000 instruction, except, at the completion of the rewind an interlock is
set for Uniservo n.

Whenever Uniservo n is called for again to either read, write or rewind it always
sends back a "busy" signal, stopping the computer on the appropriate interlock
tests. This instruction is used when a rewound tape is to be removed and a new
tape mounted in its place. The removal of the reel of tape and the mounting of a
new reel removes the busy signal for Uniservo n.

The use of buffer storages between the computer and the tape units and the separate
read and write control circuits permits high speed input and output operations, as
the computer is held up only for the small amount of time necessary to perform the
interlock tests and fill the output buffer or empty the input buffer. Further, the
interlocks prevent one from trying to use information which is being written or
read until the write or read is completed.

The following problem will illustrate the use of these orders.

A tape on Uniservo 2 contains a series of two-word inventory
records.
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Stock Numher

Inventory

The number of such items is unknown but a Z sentinel follows the last item.
An equal number of two-word items

are recorded on Tape 3.
sequence on both tapes.

Stock Number

Quantity Used

Let us label Tape 2 as Tps a block (30 items) from this tape, A, eac
thirty items A;, and the stock number of an item A%n, the quantity Ay

Tape 3 is labeled T
the stock number an

000

001

002

003

004

005

006

007

008

009

010

011

012

12

33

B

00

00

54

000

100

100

000

101

101

019

020

004

004

020

000

100

00

32

000
200
018
015
201
002
012
002
021
005
005
002

024

T ~—3=r]
2 r

] —= A, T3 e T1

Transfer control if A?n =

Q

Ay - Bl— A0

Transfer control if i = 30

it l—>1

A——>s T
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The stock numbers are assumed to be in the same
Produce a corrected inventory on Tape 4.

of the

, a block from the tape, B, an item of the block B; and
g quantity B?n, Bg.
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013 H

014 W
015 54
016 83
017 90
018 ZZ
019 B
020 00
021 00
022 B
023 H
024 B
Student

T

002
v 022 le—31
004
U 001
100 A—>T,
82 000
000 Rewind W/Interlock Tp, Ti,
84 000
000 Stop
00 000
Z 2777
Z27 277
158
L 018
0 002
000 000
0 002
000 002
101
S 201
101
B 002
100
L 018
Exercise:
A tape on Uniservo 1 contains a series of two word meter
consumption items
Account Number
Consumption
The number of such items is unknown but a Z sentinel
follows the last item. Produce and print the follow-
ing table:
Consumption Range Consumption Accounts
1-100 3600 500
101-500 - -
501-1000 - -
1001-over - -

_59_

4



SECTION VI

Filling Reqgister I

In most phases of complex commercial applications of UNIVAC, data from several
different sources must be brought together before computation on this data can
proceed. The information coming from these different sources are recorded on
magnetic tape and each separate type of data is assigned a Uniservo which
serves as the transport device, enabling the information on the tape to be
brought into the central computer in units of sixty words, one block. As noted
in the instruction code pertaining to the input orders, Section V, all informa-
tion from the tapes must pass into the sixty-word Register I, and, thus, only a
block of data from one Uniservo may be read into the computer at a given time.
There is an instruction, the 3n m (or 4n m, for backward reading) whereby the
programmer may transfer the block of data present in rI into the memory for
processing, and simultaneously order any particular Uniservo to read another
block of data into rI, this reading being done independently of the operation of
the central computer which is free to begin calculations on the block just
transferred from rI.

Thus, if the computation necessary to process a block of information is long
enough, the time to read the information into the computer may be completely
absorbed by it. Or, if the amount of time taken up in computing on the data

is less than the time required to read the data into the machlne, the computlng
time is completely abseorbed by the tape reading time. - This is true, of course,
only if continous read instructions, 3n m or 4n m, are given. For the combina-
tion 1n 000 followed by 30 m, the lapse of time between the execution of the
left instruction and the right instruction will be of the order of 100 milli-
seconds, the time required to fill rI. From the standpoint of elapsed computer
time, it 1s desirable to do continous read instructions.

Where the processing to be done consists of bringing information into the computer
from several different tapes and in an order which is not known in advance

to the programmer, that is, in essentially a random fashion (unlike the example
of Section V where the order of reading is a block from tape 3 for each block
from tape 2), how is the programmer to make sure that the data w111 be brought

in at the right time and from the right tape?

For example, consider the problem basic to almost all commercial applications:

Information, consisting of a series of items containing a serial number, are
recorded on tape in ascending order by this serial number. Two such sets of
items (hereafter called A and B) are to be merged or interfiled so as to produce
one tape containing all the items present on both tapes, but arranged in as-
cending order. This is the problem presented in Chapter 5 Section IV, adapted
for tape input and output.

The first block from each tape is brought into the computer, and their first
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items compared. The item with the smallest serial number is then transferred
to the first position of an output block. If, for example, the lowest item

in the comparison was from the A set of data, this item is placed in the out-
put block. The next A item of the block is compared with this first B item

and the smallest of these two items is sent to the second position of the out-
put block. When the output block is filled, that is, when sufficient items
have been transferred so that the output block contains 60 words, it is written
on the output tape. The next lowest item transferred will be into the first
output item position again. Soon, one of the input blocks will be exhausted,
all of its items having been transferred to the output block. Therefore, we
must bring in a new block of these items from tape. If we do the transfer

from tape storage to computer by the sequence ln 000 -30 m, the computer must
wait for approximately 100 milliseconds before it can execute the transfer from
rI to the memory. But, if rI already contained the right block of data, we
would be able to continue the processing by waiting only for the 5.5 millisecond
transfer from rI to the memory. Since the order in which information from the
two tapes is to be read is determined by the data on the tapes, it would seem
that the programmer cannot do continous read instructions for this kind of prob-
lem. Actually, there are several methods by which rI can be kept filled with
the proper block at the proper time, one of which, the simplest, will be de-
scribed. ‘

This method, called "Preselection”, will be illustrated by doing the two-tape
merge problem:

A tape on Uniservo 2 contains a series of ten-word "A" items, arranged on tape:.m
in ascending order by a serial number which is the first word of each item. The
number of such items is unknown, but a Z sentinel follows the last item.

A similarly arranged set of "B" items are recorded on a tape mounted on Uniservo
3. Interfile the items on the tapes, writing the merged data on tape 4.

Consider the possible appearance of the first six serial numbers of each tape
(one Block):

Tape 2 Tape 3
Serial Numbers Serial Numbers
1025 | 96
1027 876
1106 1541
2257 1995
2450 2630
2451 ‘ 3001
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It is apparent, that in this merging process, the 6th A-.item must appear

on the output tape before the sixth B item, as it has a lower item serial
number. But this means, since the items on each input tape are in ascending
order by their serial numbers, that the A block will be used up first.

Thus, rI should be filled with the next block from tape 2. This information
can be determined before any processing is done on the A and B items, thus
allowing one to give the instructions to fill rI as soon as the blocks are
in the computer.

The flow chart and coding for this problem are shown below. The notation
used is: ;

T, Specifiés the tape on Uniéervo 2.

Ty>rl Indicates that the next block on tape 2 is read (forward
direction) into register I

rF*A The block in rI becomes the block A.

A; The ith item of the block A, i = 1, 2, .... 6.

sn
A The serial number of the ith A item.

Similar notation for T3, B, B.

3° Bs?, Cys Cs Ty with C—>T, meaning the
block C is written on tape 4. '
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000
001
002
003
004
005
006
007
Co8
009
010
011
012
013
014
015
016
017
018
019
020
021
022
023
024
025

026

12

30

00

12

13

00

00

00

30

o4

000
200
150
000
000
000
100
000
040
100
014
300
039

041

018
000
041
100
000
100
018
300
011

200

014

029

33

00

100
000
250
005
006
000
200
024
033
041
000
011
022

011

042
020
018
100
006
043
002
044
014
045
011

046
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Transfer control if A58:>BSE

T2 --—-’-I‘I

T3——4rrI

Transfer control if A5?:>Bsg

Transfer control if Asg
A;—>WS (register Y)

OC 2

WS —Cy

Transfer control if k

}1<+ J—>k

Variable connector o

Transfer control if i

'}@ +1—>i
T J—e A
l——— i

Coe—>»T
l—k

B/~ WS
Ok 1

(register Y)
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027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046

047

00

00

30

54

83

20

777

000

000

041

200

000

200

029

011

040

300

000

000

350

Z77

010

150

100

300

000

250

200

00

82

84

000

277

000

031
029
200
006
047
002
035

000

000
000
000
011
z77
000
100
100
Ol1
026
200

200

Transfer control if j = 6

}j-+ 11—

rI—>B
l—j

Z—>Ck

} Rewind with interlock,T2, T3, T4

Stop
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CHAPTER 7 ,

REPRESENTATION OF

INFORMAT ION
SECTION I

Introduction

The purpose of Chapters 8, 9, and 10 is to provide the reader with a basic under-
standing of the logical construction of general purpose digital computers. This
knowledge is important when questions concerning the evaluation of different com-
puters arise, and will also aid the reader in broadening his understanding of the
entire art.

/

SECTION II

Binary Representation

We have been accustomed since our early grade school days to think about numbers
in the Arabic notation. In this notation, because of our years of usage, 1076,
is immediately significant to us as one thousand and seventy-six. And yet, the
Arabic numerals are not the only way of writing numbers. As an example, the
reader is not frequently exposed to the number MDCCCCLIIII = 1954 commonly used
as date marks in cornerstones or publications.

Implicitly understood in our writing the number 1076, is that it is a shortcut
scheme for saying 1 x 1000 + 0 x 100 + 7 x 10 + 6 x 1. Thus, the Arabic notation
is said to be a decimal or base 10 number system because one of the factors in
each product is a multiple, or power of ten:

1000 10 x 10 x 10 = 103
100 10 x 10 = 10
10 10 = 10l

1 (Defined as) = 100

In writing 1076, then, we save ourselves effort by dropping the various multiples
of ten and simply write their coefficients 1, 0, 7, 6, where the column in which
the coefficient appears indicates the appropriate ten's multiple. As many as ten
different coefficients are possible for any column: i.e. O, 1, 2, 3, 4, 5, 6, 7,
8, or 9.

As mentioned in Chapter 1, and illustrated by the chapters following it, a number
is the basic element processed by a computer. If these numbers are expressed by
Arabic numerals, we must have devices which can represent any one of the ten dig-
its 0, 1, ...9; that is, these devices must have ten stable states easily and
accurately distinguished from one another. This is an easy accomplishment if our
computer is mechanical in nature. One of the simplest of such devices is the
notched wheel found in speedometers (more accurately, the odometer part) or adding
machines. The angular position of the wheel as referenced to a fixed mark repre-
sents one of the ten numerals. In fact, the Harvard (University) Mark 1 computer,
completed in 1944 and the first successful general purpose digital computer, is
probably the most complex application of the notched wheel. Unfortunately, me-
chanical number representation implies slow action and great bulk. Electronic
components give much faster operation and the Eniac computer built by Eckert,
Mauchly and others at the University of Pennsylvania in 1946 was the first
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electronic digital computer. It represented numbers decimally, but because
electronic gear (at the present state of the art) does not lend itself naturally
to decimal notation nearly 18,000 vacuum tubes were necessary to achieve a
computer of only 20-word storage.

Electronic elements lend themselves most naturally to a two-stable state scheme-
a vacuum tube either conducts current or it does not, a wire is at one voltage
level or it is not. Is it possible to represent numbers, then, using only two
numerals? It is, and this notation is called binary representation. Consider
the successive powers of two:

20 (Defined as) =1

ol = 2 =2

2

22 _ 2«x2 4

22 2x2x2 =8

o4 2x2x2x 2= 16
etc.

It is possible to express any number as a sum of these powers of two, for example:

7

] 1x22t1x2b 41420
13 1

3
=1x2 4 1x22+t0x2 1 x20

in
[N
+ +
AN
+ -

As in the decimal notation, we can save ourselves effort by simply writing down
the coefficients (which are either 1 or 0) and not the appropriate power of two
by which it is multiplied. Thus, in binary notation:

Decimal Number Binary Equivalent
7 | 111
13 1101
116 1110100

SECTION 111

Binary Arithmetic

The rules of binary addition are quite simple,

0 0 1 1
t 0 t 1 t O 1
0 1 1 0 and 1 carry

The following examples will make evident the ordinary arithmetic behind these rules:

11 = 1 x8 ¢+ 0x 4 t 1 x2 + 1 x1

+ 4 0x8 ¢ 1x4 + 0x2 + O0x1
15 = (14 0) x8 + (0O+1)x4 4+ (Q+0)x2 + (1¢+0)x1
= 1 x8 ¢ l x4 + 1l x2 + 1 x1
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13 = 1 x8 + 1 x4 + 0x 2 + 1l x1
+ 7 = 0 x 8 + 1 x 4 + 1 x 2 + 1 x1
20 = (1+0)x8 + (14+41)x¢4 O+1)x2 + {(1+1)x1
= 1 x8 ¢ 2 x 4 + 1 x 2 + 2 x1
" A1

1 x8 1 x2
= 2 x 8 + 0 x + 2 x 2 + 0 x1

" n

x 16 1 x 4
= 1x16+0x8+1x4+0x2+0x1

Remembering the rules for binary addition, these examples are simply:

11 - 1011 13 — 1101
4 = 0100 +7 _ 0111
15 = 1111 20 = 10100

Occasionally, we use the concept of complements in our ordinary decimal arith-
metic. For example, the old rule of casting out nines to check addition. The
binary complement of a number is obtained by subtracting that number from the
next highest power of two. The binary complement of 7 is 1, since 8 - 7 = 1.
The binary complement of a number expressed in binary notation is easy to obtain
by applying the following rule:

Replace all ones by zeros and all the
zeros by ones; then add 1 in the least
significant column.

Thus, 6 = 110, replacing ones by zeros and zeros by ones, we have 001 and adding
one, 010 = 2 = 8 - 6, the binary complement of 6.

Complements are used in the subtraction of binary numbers because of their sim-
plicity over direct subtraction. To illustrate subtraction using complements
consider the following case:

7-3=7+(8-3)-8=4
Two's complement of 3

Since we can obtain the two's complement in a simple manner, we can do sub-
tractions by performing additions if we can subtract the power of two used in
the complement from the sum obtained. This also is easily accomplished by
dropping the carry from the left-most column.

= 111
101  (Two's complement of 3)
= 100 (Dropping carry from left)

1
-blo.)\l
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15 1111
- 6 1010 (Two's complement of 6 is 0110)
9 1001 (Dropping carry from left)

Multiplication of numbers expressed in binary notation is extremely simple.
The multiplication table is:

0 1 0 1
0 0 1 1
0 0 0 1
For example:
7 = 111
3 0ll
21 111
111
000
10101 = 21

Note, that at every step we are performing addition only. A means for writing
each of the partial products one column to the left at each step is the only
extra feature required for the adder to perform multiplication.

The simplest way of performing division is to use the long division method

taught in the lower grades. 1In this method, the divisor is subtracted repeat-
edly from the dividend, a one being added to the quotient (which is set initially
to zero) for each subtraction. The following example will illustrate the method:

In Decimal Notation In Binary Notation
6 /18 00110 / 10010
1 00001
6 /18 00110 / 10010
6 00110
12 01100
2 00010
6 /18 00110 / 10010
6 00110
12 01100
6 00110
3 0001
6 18 00110 / 10010
6 00110
12 01100
6 00110
6 00110
0 00000
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In summary then, all the arithmetic operations, addition, subtraction, multi-
plication, and division, can be performed on numbers expressed in binary no-

tation provided we can construct an adder, complementer, and shift mechanism.
In Chapter 10 the construction of these devices will be discussed.

SECTION 1V

Coded Decimal Notation

The binary method of representing numbers was described in Section 1l. This
is the almost universal representation used in large computers. This binary
notation may be used in two forms. In the first, called "pure binary," the
ones and zeros making up a number have a place value that represents some
power of two. For example, in the binary number 10110, the left-most one has
the value 24 or 16. The other method is called the "coded decimal" notation.
Any number between O and 9 may be represented by a minimum of four binary col-
umns as the following table shows.

Decimal Digit Binary Equivalent

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001

VO~NOUONMWNEO

Now consider the decimal number 147. If this number were expressed in binary
notation, it would appear as 10010011. However, we could represent each of the
individual decimal digits in binary fashion and yet retain their decimal value
as regards position. Thus:

0001 0100 0l11
1 4 7

This coded decimal notation is more convenient than pure binary to the user of a
computer, primarily because we can read the numbers easily. With very little
practice one can recognize the coded decimal number 0010 1000 011l 0110 as being
2876, but the same amount of practice does not yield equal results for its pure
binary form 101100111100.

Of course, we do not normally "look" at numbers in either binary or coded decimal
form. But when the input data is to be prepared for a computer, we would prefer
not to have to convert decimal numbers to binary form acceptable to the computer,
nor should we like to read the output of our computer expressed binary-wise.
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For computers operating in coded decimal form, information may be introduced to
or removed from the computer in decimal form directly. With pure binary com-
puters, input and output data must be converted through a program to decimal
form. Because of this time consuming conversion data processing computers use
coded decimal notation.

Many modifications of the coded decimal notation described above are in common
use. These modifications are designed to impart certain desirable arithmetic
properties to the coded numbers. Several of these will be described.

In Univac, the excess-3 coded decimal is used. Here, a decimal digit is repre-
sented in the binary scheme by a numbex larger by 3. Thus, 6 would be repre-
sented in coded decimal form by 6 + 3 = 9 = 1001. This modification has two
desirable properties: Ease in obtaining the nine's complement (replace one's
by zeros, zeros by one's-nine's complements of 6 = 9-6 = 3 = 0110); and the

sum of two XS-3 numbers produce a binary carry when their decimal sum produces
carry.

The so-called 2¥421 scheme also has these same two features of XS-3. In this
scheme the numbers below 5 are in normal binary notation, but 5 and above are
coded as having a 2% plus the appropriate 421 code.

The bi-quinary method uses seven binary columns per decimal digit. Its feature
is that only two binary one's are present for any digit.

The following table will illustrate these representations:

Decimal Coded Decimal Equivalent
Straight XS-3 2% 421 Bi-quinary
0 0000 0011 0000 01 00001
1 0001 0100 0001 01 00010
2 0010 0101 0010 01 00100
3 0011 0110 0011 01 01000
4 0100 Ol1ll1 0100 01 10000
5 0101 1000 1011 10 00001
6 0l10 1001 1100 10 00010
7 0111 1010 1101 10 00100
8 1000 1011 1110 10 01000
9 1001 1100 1111 10 10000
SECTION V

Alphabetic Representation and Checking Codes

Although numbers are the basic processing element in computers, the earlier
chapters have made evident the desirability of permitting alphabetic charac-
ters and punctuation symbols to be intelligible to the computer. This may

be accomplished in several ways with computers using a coded decimal notation.
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For a full alpha-numerical representation, a character (= digit) can have any
one of 36 possible values: The numbers O through 9 or the letters A through Z.
By adding the minimum of two additional binary columns to our four bit coded
decimal number we can represent 64 different symbols, giving an extra 28 codes
for punctuation and other symbols. In the Univac, for example, the letter A

is represented by the XS-3 code for one plus a Ol "zone" code. Other examples
are shown in the table.

Character Binary Representation

000110
001100
010111
101010
110110

- U O 0w w

N
Some computers represent alpha-numeric quantities by means of paired digits or

paired words, special commands being provided for operations with the alpha-
numeric "words."

In either scheme, two decimal digits are used to represent the full alpha-
numeric gamut:

Character Coded Representation

00
03
09
11
14
26

Mmoo wo

In one such computer the digits within a word are paired off, a symbol in the
sign position being sufficient to tell the computer the number being acted upon
is a coded alpha-numeric quantity. Another uses two words whose addresses are
related. The same numbered columns in the two words being associated to form
the alpha-numeric character.

The tendency in new computers is to provide automatic safeguards against an er-
ror, produced by equipment failure, to propagate itself undetected. Indeed, the
principles of digital computation demands complete accuracy if the results of a
calculation run are to be meaningful. This is a point often neglected by pros-
pective computer users: They fail to realize that an error may occur in the
control portion of the device as well as the arithmetic portion.

One common checking means is to produce a certain amount of redundancy in the
coded number representation. One example already described is the bi-quinary
coded decimal notation. Here, a correct character requires a single binary
one in the "Bi" part and a single one in the "Quinary" part. Loss or gain of
a one in either part represents an illegal character which can be detected by
the computer.
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In the Univac, an extra binary column is attached to each character. This
column is called the check pulse and is assigned in such a manner that an

odd number of binary one's is present for each valid character. As the
characters are processed, their binary one's are counted. If any even count
results, it means a one has been picked up or lost and the computer registers
an error and stops. Thus, the full Univac coded decimal representation of a
character is comprised of seven binary columns.

X XX XXXX

I XS-3 numeric part

zone pulses

check pulse

As an example the zero has this binary code
1000011
The P

0101010
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CHAPTER 8

STORAGE OF

INFORMATION
_ SECTION 1

Introduction

In Chapter 7 a way was developed whereby the numbers and alphabetic characters
involved in data processing problems could be represented by a simple pattern
of ones and zeros (the binary code). Further, we saw that all of our usual
arithmetic manipulations could be performed on numbers expressed in this binary
code. As was pointed out in that chapter, the binary notation is in common use
because electronic gear is easily adapted to this two-valued method of represen-
tation. 1In this chapter we shall briefly describe the various techniques used
in storing or "memorizing" such binary information in computers. Storage of
binary information requires bi-stable devices. By this, we mean devices ex-
hibiting two, easily-distinguishable states and which when placed in any one

of the states will remain in that state as long as desired.

Before describing the storage elements now in use, it is necessary to recognize
that we can store information in two basic ways, either in static or dynamic
mode. ‘

In static storage the information to be stored is distributed throughout space.
While in dynamic storage, this information is distributed in time. Perfect, ard
yet homely, examples of each type of storage are:

For static storage, the printed page. Here, all of the data
stored (in the form of words) is available to us at the same
instant of time. We need only direct our eye to the desired
spot on the page to select any portion of the information.

For dynamic storage, we need go no further than spoken con-
versation. Here, we can obtain all of the information (in
the form of sounds) by waiting in time for our informant to
finish speaking.

Computers are often described as being serial or parallel in operation. By
serial operation it is meant that the binary digits comprising the computer
word are extracted from the memory, manipulated, and placed back into the
memory sequentially in time. Thus, in serial mode all digits pass through
essentially one set of circuits. This is economic of circuitry. While in
parallel operation, all binary bits of a word are handled simultaneously in
time. This requires considerable increase in circuitry, but other things
being equal, it is the fastest in operation. These two modes of operation
are in the main a result of the type of memory used. Static storage lends
itself naturally to parallel operation and dynamic storage to serial opera-
tion. It should be noted, however, that there are some exceptions to this
statement.
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SECTION 11

Static Storage Devices

Relay

One of the earliest, and probably simplest, electronic devices used in computer
memories is the relay. As shown in Figure 1, this device consists of a steel
arm sprung to avoid electrical contact with a read-out wire. The arm may be
brought into contact with the wire by applying a current through the electro-
magnet which draws the arm downwards. A latch mechanism can hold the arm down
indefinitely if desired, and then the relay does not require continous current
flow through the magnet coils. The two stable states of the relay are contact,
placing a current on the read-out wire (binary 1); or no contact, placing no
current on the wire (binary 0). The relay can be made to change state reliably
in from 1 to 10 milliseconds. Relays are not in common use now as memory ele-
ments since they are relatively slow, bulky, and quite expensive. Several
early computers using them as memory elements are still in operation.

To voltage O- AI/E;// — Read-out wire

source

Electromagnet

Figure 1

Magnetic Core

The core may be thought of as being composed of elementary bar magnets oriented
in one of two directions parallel to its axis.

or
S N S N S N N S N S N S
S N S N S N N S N S IN S
S N S N S N N S IN S N S
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In practise the core is constructd in the form of a torus with three coils
wound about it: The input winding, output winding and a probe winding.

Probe

Input Output

9

Figure 2

The core has two stable states and these may be considered as representing binary
one and binary zero. To read into a core, a pulse is applied to the input coil.
The direction of the current will determine which state the coil will assume,
When the current is removed

Magnetic Field
Input Zero Input One

Figure 3A Figure 3B

the core will remain in the state shown above.

To read out of a core, it is necessary to apply a pulse to the probe winding in
the direction to produce a binary one. If the core is already in the one state,
the output winding will detect no change of field. If however, the core is in a
zero state, the change in the magnetic field will cause a current to flow in the
output coil as shown in Figure 4.

Probe

Input Output

. Figure 4

Note however, that if a core is probed, it will always be left in the "one"
state irrespective of its initial reading. It is therefore necessary to regen-
erate the state after reading. This can be accomplished as follows:
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Output

Figure 5

A pulse in the output (representing a zero) is fed, after a suitable delay, to
the input winding with the correct phasing to set the core in the zero state.

If the core was in the "one" state initially, then no change will be produced

by the probe pulse; hence, no pulse will appear at the output coil. Effective
access time to the information stored in a core is from 5-10 microseconds.
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Cathode Ray Tube

The most common employment of the cathode ray tube, CRT, as a binary memory
device is in the Williams type storage. The CRT is basically a small (5-7")
television picture tube.

_‘__-phosghor

scre Deflection plates:

horizontal
\ vertical

— — o— — — o pr —

beam forming
plates

Figure 1

collector

As shown in Figure 1, the CRT contains an electron source which is a special
metal filament that emits electrons when heated. As the electrons boil out
of the filament, they are formed into a narrow beam (pen011 of electrons) by
the beam forming plates. This beam may when be made to strike any desired
spot on the phosphor screen by suitable voltages on the horizontal and ver-
tical deflection plates. In the television set we are interested in the
light emitted when the electron beam strikes the phosper, but when using

the CRT as a storage device we concern ourselves with the voltage produced
between the spot on the screen hit by the beam and a collector screen placed
just in front of the tube.

When a binary one 1s to be recorded, the deflection plates are charged to

that potential which will direct the electron beam to the desired spot on

the screen. The beam is then turned on and sharply focused, placing a dot

on the screen. When a zero is recorded, the beam is defocused, putting a
blurred spot on the screen. The electronic theory of CRT storage is too in-
volved for this level of discussion, but for our purposes, however, it suffices
to say that these two recorded patterns will produce different output voltages
between the screen and collector when they are read by directing a defocused
beam at the spot.

Since reading is accomplished by recording a zero on the spot, the informa-
tion read must be rerecorded on the tube as we saw with the magnetic core.
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Within a few tenths of a second a spot on the tube will begin to disappear
and, thus, the data stored on a tube must be regenerated by reading and re-
recording each spot at regular intervals.

It is common practice to store approximately 1000 binary digits per tube.
Effective access time to any digit is of the order of 5-10 microseconds.

SECTION III

Dvnamic Storage Devices

Magnetic Drum

The following simple experiment is the basis of magnetic drum or magnetic
tape storage. A voltmeter is connected to the ends of a coil of wire.

When a magnet with north-south poles oriented along the axis of the coil is
moved rapidly along this axis, the needle of the voltmeter is deflected in-
dicating that a current has been generated in the coil. If, however, the
magnet is oriented at right angles to the coil, no deflection of the needle
is observed. We can speak of the magnet orientation in Figure 1A as repre-
senting a binary one, while the orientation of 1B represents a binary zero.
A succession of

A B
”
’/’7 //
;; — Ve
Figure 1

magnetic "spots" in both orientations passing under a coil then will pro-
duce a "train" of voltage variations representing the successive orienta-
tions of the magnetic spots. Information may be recorded by passing a mag-
netizable material under this same coil while .2 voltage train representing
the binary information is fed.§into the coil. A small erase coil, one whose
axis is oriented in the direction of the magnet of Figure 1B, is placed in
front of the read-write coil and energized only when writing is to be done.
This provides the "binary zero" spots.

The storage unit, in practice, consists of an aluminum cylinder coated with
iron oxide and rotated by an electric motor past a series of read-write
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coils. Each coil may then read or write information on the cylindrical sec-
tion of the drum immediately under it. Any portion of a drum section is
available for reading or writing within one drum revolution. Thus, on the
average, an arbitrary spot on a drum section is under the read-write coil
and is available for reading or writing within one-half drum revolution.
This is called the access time of the drum and is usually in the order of
8-20 milliseconds. The magnetic spots have been recorded at densities as
high as 100 binary bits per square inch, and, thus, the magnetic drum is a
very cheap memory unit. Tt does suffer from relatively slow access times,
but the drum (as well as the acoustic delay line) can have this access time
materially reduced by planning a program in such a way that when information
is desired from the drum or is to be written upon it, the proper area of the
section is Jjust coming under the read-write coil. This is called minimum
latency coding.

Acoustic Delay Line

Consider the situation pictures in Figure 1. When the switch is closed,
point A has a voltage level which might represent a binary one, while if
the switch is left open A can be said to be at zero voltage level repre-
senting binary zero.

switch

rd

load
batte;y__l | | I |! A o VN 0a

Figure 1

If we operate the switch not oftener than, say, once per second and plot
the voltages of A, we would get the following configuration if the number
13 were represented:

] 1 0 1
<—\Voltage
A
-< } } + -+
7 6 5 4 3 2 1
Time in Seconds Figure 2
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Thus, we can represent binary information by allowing only two possible volt-
ages on a wire. The minimum time between consecutive switch settings fixes
the duration of the voltage "pulses" on the line. We call the duration of a
pulse the pulse time. In the above case, since the switch setting may be
changed once per second, the voltage on the line represents one binary digit
for one second. The pulse time is then 1 second. The pulse repetition rate
or frequency is the number of binary digits or pulses which can be represented
in one second.

Now, suppose we have some kind of "black box" between line A and B as shown
in Figure 3 which prevents the voltage on line A from appearing on line B

for four seconds. We can plot the voltages of each line as shown in Figure 4.
The switch on line A is operated once per second to represent 13.

§ \& 4 Second
{111

Delay
— A B e
Figure 3
1 1 0] ]
<«— Voltage
on A
- { } — {
8 7 6 5 4 3 2 1
Time in Seconds
1 1 0 1
<— Voltage
on B
-~ ! —t—
8 7 6 5 4 3 2 1
Time in Seconds Figure 4

At exactly second 4, if we disconnect the switch and battery from line A and
connect A to B, as shown in Figure 5, we have a delay line. Now the voltage

. 4 Second
Delay
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at point A will always be the same as point B. But note that during second 5,
line B will have a voltage which existed on line A during second 1; thus,

during second 9, line B will again have this same voltage since it is being re-
introduced to the four-second delay. This same observation holds for the volt-
ages at B during seconds 6, 7, and 8. They are the same as existed at A during
seconds 2, 3, and 4. Further, these same voltages will reappear at B in this
same order every four seconds. We can think of this voltage train "circulating"
around the closed loop. The presence of the delay preventing the pulses from
mixing with one another and losing their identity. Read-out i1s accomplished by
tapping the wire at B. Read-in is somewhat more involved. Through the use of

a gate (Chapter 9) placed between A and B, the information emerging from the de-
lay is prevented from re-entering. In its place, the new information is fed in.
Of course, it is necessary to put amplifying and pulse shaping devices at the
juncture of A and B if the circulation i1s to be maintained for many cycles.

Next, let us consider the manner by which the 4 second delay in transmitting
voltages between A and B is achieved. There are several means for obtaining de-
lays in the transmission of voltages by direct electrical or electromagnetic de-
vices, but usually these methods cannot produce the 40-400 4 s delays required.
The method commonly employed to secure this delay is to convert the electric
pulses (the voltage train) into sound pulses. Since sound travels more slowly
than electricity, it is possible to obtain any desired delay without bulky equip-
ment. After the sound pulses have been sufficiently delayed, they are reconverted
to electrical pulses, amplified and shaped and re-introduced to the delay.

The electrical pulses are converted into sound pulses through piezo-electric
crystals. This is the same basic type of crystal used in the modern phonograph
which converts the record grooves into electrical signals through the vibrations
of a needle tracking the grooves. The Crystal is cut into the form of a thin slab.
When an alternating voltage is applied to two faces of the crystal, it vibrates.
Contrariwise, when the crystal is vibrated, an alternating voltage is produced on
the crystal faces. Through an electrical process familiar in radio broadcasting,
the pulse train is converted to an alternating voltage which in turn is applied
to the crystal faces. The alternating voltages representing binary ones then
cause the crystal to vibrate and send sound waves into a mercury column. Mercury
is often used as the medium in which the sound waves travel because of power and
echo considerations. As the soundwaves reach the end of the mercury column, they
vibrate a second crystal which then produces an alternating voltage between its
faces which is a replica of the input voltages. Figure 6 is a schematic diagram
of the process. The access time for information stored in an acoustic delay

line depends to a large extent on the number of words stored per line, but
typical access times are about 200 4«4 s.

-82-



CHAPTER 9
MANIPULATION OF
INFORMATION

SECTION 1

Introduction

The purpose of this chapter is to provide an understanding of how elementary
electronic building blocks can be used to perform the data manipulation de-
scribed in Chapter 7. In particular, we have seen that if we can perform
addition, shifting and complementing, we are able to add, subtract, multiply
and divide numbers expressed in binary form. We shall describe the charac-
teristics of gates, buffers, and flip-flops and show how these units may be
interconnected to form adders, complementers, and comparators. Shifting is

a somewhat more involved topic and will not be discussed here.* For the sake
of simplicity we shall consider dynamic information only; that is, information
will be in the form of a voltage train--a positive voltage pulse for a binary
one and a zero voltage pulse for a binary zero. When represented in this fash-
ion, the binary number 110101 will appear as shown in Figure 1, the least sig-
nificant binary columns appearing first in time.

1 1 0 1 0 1
<€— Voltage
of line A
€ Time
Figure 1

When the voltage of a line is at the binary one level, we speak of the line as
carrying a signal.

*See Chapter 9, Univac Programming Manual I
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SECTION II

The Logical Building Blocks

The first logical element to be discussed is the gate. Gates form the principal
means of switching information from one path to another in computers. As their
name indicates, gates permit or prohibit the passage of pulses or signals from
one point to another. Gates are indicated by the following symbol:

©, ©

The signal or information train being gated, S, appears on the left. The signals
controlling the gate are indicated as 1, 2, and 3. In order for the voltage
train, S, to pass through gate G, signals 1 and 2 must be present and signal 3
must be absent. Any other arrangement of signals is sufficient to prohibit S
from passing through the gate. Signal 3 is often called an inhibiting signal
(note the small circle at the point of connection with the gate which indicates
inhibition), while signals 1 and 2 are called permissive signals (without the
circle connection). The signals within the large circles always imply the exist-
ence of some other devices which generates them. Typically, another gate can gen-
erate such signals. In the example shown below, signal S can pass through Gl if
G2 develops no signal.




G2 can develop a signal if 1 and 2 are present and 3 absent. Gates are some-
times called "and" circuits because they require the presence of this AND this
AND this signal in order to operate. We speak of gates being "open" when all
permissive signals are present and all inhibitory signals absent. Gates are
said to be "alerted" when some of the required signals are present. It is im-
portant to realize that every gate passes ONE signal (or information train)
under the influence of OTHER signals. The output of a closed gate is binary
zero. ‘

The converse of gating is buffing. The buffer is indicated by a symbol (g)
A typical buffing circuit is shown as:

S1 *.@

The purpose of buffing is to combine several sources into a single line with-
out interaction among the sources. Thus, signal S; cannot pass into S,, but
only through its buffer B to the output O. Either signal S; or S, can pass
into the output O. For this reason, the buffing circuit is sometimes called an
"or" circuit.

Gating signals can be applied through buffers. Thus:

S >

G
B ’I‘ B

Signal 1 or 2 may open the gate, allowing S to pass through. At least one sig-
nal must be present to open the gate: when both signals are present, no new sit-
uation has been created.

It is not necessary to show buffing on the logical diagrams if it is understood
that such elements exist to prevent back circuits. It will be assumed that no
signal can be passed in the reverse direction of the arrows. Thus, the above
figure can be redrawn as

-85-



In Chapter 8 a number of binary memory devices were discussed. An addition to
this list is the flip-flop or trigger pair. Although the flip-flop is seldom

used for large memories, it is an extremely versatile memory unit for the con-
trol and arithmetic units of a computer. It is indicated in our logical dia-

grams by the symbol

FF

It is a memory for one binary digit: It has two stable states, one representing
zero and the other representing one. These two states are indicated by S (set)
and R (reset). Its use is sufficiently broad that the binary notation is not
always appropriate. For example, in a binary computer it can store the sign
digit; either a + (which could be a one) or a - (which would be a zero). The
flip-flop is also useful for converting from a pulse to a static signal. For ex-
ample, one pulse may indicate when a static signal is to start and another pulse
when it is to stop. The flip-flop can be used for generating such a static sig-
nal. The duration of the signal is fixed by the interval between pulses.

When a pulse is applied to the "set" input, the flip-flop is said to Béfébt; and-
when a pulse is applied to the "reset" input, the flip-flop is said to.be reset.

If the flip-flop is in the "set" state, the set output line will be at the sig-
nal level and the reset output line at the no signal level. The opposite is true
for the "reset" condition. In some logical circuits, we shall be interested in
only one of the outputs. In this case, only the necessary output will be shown.
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SECTION III

Simple Logical Circuits

The circuit shown below is called a half-adder. This device will add two
binary quantities to produce a proper sum and carry:

0 1 1

to + +
0

»—:I o

1
0 and 1 carry

The two inputs to the half-adder are called the augend and addend. If no
input pulses are present, neither G; nor G, are open and thus the sum and
carry lines are at the binary zero voltage level. 1If one input is present,
Gy is still closed; but Gp 1s open giving a "one" sum and "zero" carry.
When both inputs are present

Augend 9

G2 >- Sum

N

Addend ~&¥

G, is open giving a "one" carry and also inhibiting G, so that a zero is

on the sum line.

By connecting a 1 pulse delay to two half-adders, a full binary adder results:

Augend
Half- Half-

hdder adder

Augend

2 Carf" D, >
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The one pulse delay, D; delays the carry from either half-adder until the
next binary column is available.

The half-adder has several other important uses besides forming half of a
full binary adder. By letting one input to the half-adder consist of a
string of ones, the sum output will be the binary complement minus one of
the other input. This is easily seen in the following -example:

—uo ) 0010 o

half-
adder

i1 o

By using a half-adder and flip-flop connected as shown below, we can de-
termine whether two quantities, A and B, are identical. Initially, the
flip-flop is

A i S > AF B
half- - ~—flip-
adder flop

B R fF————>a=B

reset. As A and B are fed into the half-adder, pulses will appear on the
sum line only if A and B differ in at least one column. Thus, if the flip-
flop remains reset after the last binary columns of A and B have passed
through HA, a signal is on the reset line indicating A = B. If the inputs
differed, a sum pulse would have set FF indicating A £ B.

A magnitude comparator is shown below. The flip-flop is initially reset.
Note

flop
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that if A and B have an identical binary column, both G, and G, are closed
and the flip-flop remains in its then current state. But if tge inputs dif-
fer, either G, or Gy will be open (depending on which input has the binary
one) and thus a pulse will be sent to either the set or reset side of the FF.
After the last binary columns of the inputs have been applied to the gates,
the flip-flop will be reset if ASB or set if A> B.
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APPENDIX
SOLUTION TO STUDENT

EXERCISES



CHAPTER 2, SECTION II

Problem 1

000 B 100

; A 101
001 A 102
A 103
002 A 104
H 105 Sum of Receipts ——pm=Memory
- 003 50 105 Print Sum
90 000 Stop
Problem 2
0C0 B 102
A 103
001 H 104 C + D——3 Memory
A 104
002 A 104 3(C + D)——3=rA
S 101 3(C + D) - B——9rA
003 A 100
A 100 2A - B t 3(C ¢ D)——>rA
004 H 104
50 104
005 90 000
CHAPTER 2, SECTION IITI
Problem 1
&
AxB= -Axx XXX XXX XXX
+
A=B=-
/\xx XXX XXX XXX
Problem 2
+
A x B= -~ xx xxx xxx xAxx-
A=B= 3 o xxx xxx X\ XX
Problem 3
_ +
A x B= = xx xxx xxx xxAx
}

A=B= XX xmx XXX XXX



Problem 1
000 B
001 00
002 L
003 50
004 B
005 50
006 50
Problem 2
000 B
001 00
002 A
003 L
004 00
005 B
006 H
007 50
008 90
009 000

Problem 1

100
000
102
100
102
102

101

101
000
104
104
000
104
104
102

000

000

L 101
T 004
T 005
90 000
T 006
90 000
90 000
L 009
Q 008
H 104
B 102
T 008
S 102
50 100
50 103
000 000

CHAPTER 2, SECTION IV

Transfer Control if A2 B

Transfer Control if A> C
Print A
Stop

Transfer Control if C > B
Print C

Stop

Print B

Stop

Transfer Control if BD = O
BC + BD === BC

Transfer Control if BS > BC
BC - BS = B(C

Print BN
Print BS
Print BA
Stop

CHAPTER 3, SECTION III




Problem 2

CHAPTER 3, SECTION III

BCtBD ~¥BC

Problem 3
Q.P = Ws

000 L 100

M 101
001 H 099

B 100
002 L 010

T 006
003 L 099

M 104
004 H 099

50 099
005 50 103

90 000
006 L 099

M 102
007 H 098

B 099
008 S 098

H 099
009 00 000

U 003
010 000 500

000 000

BC-BS—> BC_-’@

BN —®SCPp p————31BA —5CP

5 o o)

Q : 50

WS-D.Ws™™ ws

C.WS ~—¥scp

>

N*S(P

vs

Q —>rl

Q.Pp———3» WS
Qe———>rA

Transfer Control if Q > 50
WS——3 rL

C.WS =3 SCP

Ne——3» SCP

WS e—3p» rL
D.VJS-—;- TA

WS =D . WSS




Problem 1
‘i=
000 B 100
001 H 100
002 L 007
003 A 008
004 B 001
005 H 001
006 90 000
007 B 199
008 000 001
009 000 001

CHAPTER 4, SECTION 11

-~ M.

S 200
B 000
Q 006
H 000
A 009
U 000
S 299
000 001
000 000

+
—)Ci : 100 pyflit1 —>i

Mo - Sy —>= M

Transfer Control if i = 100

i1 t]1 —>=i



Problem 2

000
0Cl1
002
003
004
005

006
007

008

i
S

00

50

777

000

000

100

000

007

000

000

007

277

000

001

O b

S —»SCP

90

77

000

000

006
005
007
008
000
000

777
000

000

CHAPTER 4, SECTION II1

Transfer Control if R;_

i 4] ——=i

Print S
Stop

}-s

z



CHAPTER 4, SECTION IT

Problem 3

O 1K

000 B 100

L 009
001 H 098
Q 008 Transfer Control if Di = Z
002 B 099
S 098
003 L 010 >
T 007 Transfer Control if P - D; = 15
004 50 098
00 000 Print D;
005 B 000
A 011 i 1l
006 H 000
U 000
007 H 099 P - Di-i>- P
U 005
008 50 099 Print P
90 000 Stop
009 ZZZ Z7ZZ
2727 7ZZ
010 000 000
001 499
011 000 001
000 000



i+l

> i

T

SCP

Problem I
Chapter V
Section III

C.1 = ith census item

The superscripts repre-
sent the various item
fields. For example

C§ = the state code-of
the ith item.



CHAPTER 5, SECTION III

Problem 1
000 B 100
L 016
001 00 000
Q 008 Transfer Control if C§ = 24, c¥ = 1313
002 B 005 A
L 017
003 00 000
Q 007 Transfer Control if i1 = 30
004 A 018 .
H 005
005 V 100 i l—i
W 100
006 00 000
U 000
007 50 019 Print T
90 000 STOP
008 B 101
L 020
009 00 000 A
T Ol Transfer Control if C; = 20
010 00 000
U 002
011 03 000 .
L 021
012 00 000
qQ o014 Transfer Control if CF = §,¢} = y,c = W
013 00 000
U 002
014 B 019 T4 1—>=T
A 022
015 H 019
U 002
016 024 000
I31 300
017 Vv 158
W 100
018 000 002
000 000
019 000 000 T
000 000
020 002 0Z0
000 000
021 00S OWO
00W 000
022 000 000
000 001
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AéN = account number of
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i consumption of Ai



Problem 1
000 11
001 31
002 B
003 00
004 B
005 00
006 A
007 B
008 H
009 B
010 00
011 A
012 v
013 00
014 B
015 00
016 L
017 A
018 B
019 H
020 L
021 A
022 B
023 H
024 A
025 B
026 H
027 50

000

100

100

000

101

000

033

034

034

012

000

050

100

000

051

000

046

036

037

037

047

039

040

040

042

043

043

032

00

00

000

000

044

027

045

016

033

048

000

049

014

012

100

002

012

001

020

036

048

009

024

039

048

009

042

048

009

027

CHAPTER 6
SECTION IV

Tl'—-+-rI
II——,-A,Tl ___)_rI

Transfer Control if A?n =z

Transfer Control if A% > 100

Cc
}S]+Ai’—" Sl

:} 82 + 1 —3 82

Transfer Control if 1 = 30

I el

]L—-—-i

Transfer Control if Ag > 500
S3 ¢ Ag——$-83

—
54 1 84

S|

Transfer Control if A‘{ > 1000

S, + A{—> S

5 5

-10-



Problem 1 (cont.)
028 L 052
029 A 053
030 00 000
031 90 000
032 rM\ 01-
033 000 000
034  AAO 000
035 rAL O1-
036 000 000
037  AAO 000
038 A5 01-
039 000 000
040  AAO 000
041 rl0 Ol-
042 000 000
043 AAO 000
044 777 777
045 000 000
046 000 000
047 000 000
048 000 000
049 VOO 158
050 000 002
051 VOO 100
052 500 043
053 000 001

00
AlO
000

000

000
000
100
000
000
OVE
000
C0o0
277
000
000
001
000
Woo
000
WOO
BOO

000

031
027
027

000

000

000

000
000
OAA
000

000

000
000
72727
100
500
000
001
100
000
100
027

000

- Print Totals

Stop
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DENOMINATED PAYROLL

DEMONSTRATION

Operating Instruction:

l.

000
001
002
003
004
005
006
007
008

009

Set SC printer on normal, right margin to extreme right. Paper size
should permit typing at least 62 characters.

Mount instruction tape ‘on Uniservo 1, and do initial read for that
servo.

Routine will print headings and stop on a type-in.

Type in pay to be denominated in the following format:

000 XXX4¥XO 000

(assumed decimal point)

Routine will print appropriate denominations and stop on the type-in
of Step 3. Type in next pay to be denominated.

When the last pay is to be denominated, set break point 1 and then

type in the last pay.

This pay will be denominated and computer will stop on a Ql. Force

no transfer. Computer will print a total heading, the total pay, and
the total number of denominated bills. Tape 1 will rewind and computer
will stop.

11 000
30 060
50 040 )
50 041
50 042 Heading ——= SCP
50 0437
50 044
50 045
10 100 000 XXXA XX0 000 =—»P
B 101
A 100 1 S 4 P—»3S
C 101
B 100 -
L 046
Q 000
T 017 Transfer Control if P _>Di
B 102 W a3 rA
00 000
R 039
U 033 Transfer control to edit W and print

-12-



010
Ol1
012
013
014
015
016

017

018

019
020

021
022
023
024
025
026
027
028
029
030
031
032
033

034

00

00

00

50

50

00

00

000
110
102
056
057
Ol1
011

103

100

057
000

000
059
067
110
039
024
000
058
000
061
062
063
104

064

Ql
50

000

00

00

102
llé}
006
021
006
058
006
103
102

102
006

030
101
000
000
033
060
066
o2e)
024
006
01
004
000

000

T, ¢ We——a=T,
1 i
ZeT0 ||
Transfer Control if i = 10

1 4 le—=i

P - Di—-—é-P

W & l—>W

Force no transfer to print totals

Heading fior totals, S, .—> SCP

Transfer Control to edit T; and print

Transfer Control if i = 10
i $41l—i

le——i

R HAE AL HH——= scp

TA e NS

-13-



035 .1 000

T 035
036 C 105
F 105
037 B 065 7ii 111 1AM M- —>= 1A
E 104
038 C 104 Edited number —> SCP
50 104
039 {000 000
000 O@% Preset return
040 AN WA
YAN AAA
041 AR 0.A
Alo .MA
042 M5, AN
2.4 A
043 .M\ .30
M. 25A
044 A1 oA
.05 QA
045 O1F RR{
il il
046 000 020 -
000 000
047 000 010
000 000
048 000 005
000 000
049 000 002
000 000

050 000 001
000 000 |} Denominations
051 000 000

500 000
052 000 000

250 000
053 000 000

100 000
054 000 000

050 000
055 000 000

010 000
056  BOO 100 -

LOO 055
057 000 0CO

000 001
058 000 001

000 001
059 RKET OTA

Ls- -gK

-14-



060
061
062
063
064
065

066

067

BOO

BOO

119
100
110
444

1t

000

it

000

LOO

90

1

Fill with zeros

000

046

Stop

_15_



3| HEADING —SCP

—)@——-»-scp 7P

Y

S+ P —>5

P-Dj —9=P

Edited W
| —» SCP

A

Tif- W —-)-Ti

Force no
Transfer

»| Total Heading

ey SCP

> S »-5CP
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Edited T;
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