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Abstra.ét: The IBM Selective Sequence Electronic Calculator (SSEC) was placed in operation
in January, 1948. It was partly electronic and partly eleéi;oméchanical. It is of( historical
interest, in part because of its capability of 'opgrati‘ng dynamically on 1tsown sfor,ed instruc-
tions as data. This report includes a summary of 1ts major functional units, its piogram and
value formats, alid) tﬁé manner in which it operated. This description is based primarily upOn’v
i‘nformationjcpntained»in U.S. Patent No. 2,636,672; "Selective Sequence Electronic Calcula-> )
tor," issued on April 28, 1953, to F.E. Hamilton, R.R. Séeber, Jr.’, R.A. Rowley, and ES.

Hughes, Jr.



Introduction

The IBM Selective Sequence Electronic Calculator (SSEC) was a large-scale electronic and
electromechanical machine with all the system components of a modern general-purpose
computer. - It was developed and built in the IBM laboratory in Endicott, N.Y., in the period
from 1945 to 1947, moved to IBM corporate headquarters in inid-l947, and placed in service

with a formal dedication on January 27, 1948.

The SSEC performed its computations electronically, according to "lines of sequence"
(instructions) stored in the same memory and in the same word form as ordinary data. Its
memory consisted of three levels in fhree technologies, in order of increasing capacity and
decreasing speed: electronic storage units (registers), relays, and punched paper tape. It was
capable of modifying any part of an instruction in memory, including the part that specified

the next instruction to be executed.

The SSEC contained 12,500 vacuum tubes, 21,400 electromechanical relays, and 66 paper
tape readers, and occupied the periphery of a room about 60 feet long and 30 feet wide. It is
of historical interest, in part because of its ability to modify its own program. It was not
described in great detail in its own day (it was dismantled in mid-1952), and in order to
produce the equivalent of a programmers’s description of the machine, a study was made of

'

U.S. Patent No. 2,636,672, "Selective Sequence Electronic Calculator," issued on April 28,
1953, naming as inventors F.E. Hamilton, R.R. Seeber, Jr., R.A. Rowley, and E.S. Hughes,

Jr., of IBM. That patent is the primary source of information that has been used in this

description.



'CONTROL DESK

‘The ‘Control desk is a manual switching center at which a duplicate of ]

":éctically every
control circuit in.the machine may be set up by :manipulating switches and 'keys;‘. The control
«desk holds control keys such as start and stop keys; also sets of dial stdrage and fthe,;wnches
and keys for use in setting up an artificial line of sequence. A ké&board and ~c6hpepﬁon are
also provided at the control desk for applying desired numbers to relay storag.be‘. "Cancel
circuits (clearing circuits) for the MD calculating unit, the accumulator unit, the denominaﬁon-
al shift unit, the electronic storage, the main commutator, the pilo/t' units and every other Vuni't .
‘desired may be operated individua’ﬁy or together from the control desk as well z;s automatical-

1y.



II
ARTIFICIAL LINE OF SEQUENCE

The machine is started by an artificial line of sequence, which is manually set. This
consists of S1 or S2 data or both and is inserted in sequence storage under manual control, as
the starting instructipn for sequencing of operations of a problem. In other words, the
arfificial line of sequénce data provides direction as to where the first real set or line of
sequence data is to be obtained. By a real set of sequence data is meant such data as is called
~ out automatically from tape storage or relay storage or other source for sequencing operations

leading to the solution of some problem.
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RECORD TAPES

The record tapes ;nay be used to store values either for computational- purposes or for_
program Or sequence contl;ol purposes. Sequence data is made up of numvb"é‘rks' which can be
handled the same as the numbers involved in calculation. Tapes whicﬁ store nupibers for
computation are called »",valuke tapés." Tapes which bear programmi’né or sequence. data are
called "p;()gram tapes." For both program éhd value tapes, the numbers are :p‘unched
according to the same code, binary coded decimal, in which a complete binary zone which is

called a column, is made up of four successive binary positions 8, 4, 2 and 1.

The record tape has thé ‘V?idth of a stgndard 80 index position card, but owing to the
space occupied by the marginal feed holes, 7‘8 positions are allowed. In other words, tape has
a capacity of 19f'and. half digit columns, or sufficient capacity t§ be punched, if desired, with
‘repré:sk_entatioh».of :ninetgen &ecimal digits and a sign. Hence, this row of 19 and one-half index

positions illustrated in Fig. 1 is called a "word."
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PROGRAM TAPES

Programming or sequencing of machine operation is controlled by‘ the program tapes
illustrative portions of which appear in Fig. 1 (a) and (b). Suceessive design;ttion lines of the
program tapes bear sequence data which may be referred to as an "instruct_iep word," or as
"sequence data." A complete line of sequence data is made up of two designation lines on a
pair of program tapes. One half of the line of sequence data or one "word"' is a designetion
line on one tape and the other half is & designation line on another of the tapes. The values of
wo_rds are differentiated as S1 Seq. and S2 Seq. portions; So a program tape wili be punched
wiih either S1 Seq. data or S2 Seq. »data. Both S1 Seq. and S2 Seq. data are simila‘r‘f with
respect to the arrangements of fields and subfields, but have certain differences with regard to'
programming functions. Sl1 Seel. portion is, made up of fields P, Q, R, SH1, OP1 and S1 (Fig.
1(a)), whereas, S2 Seq. of portion is made of fields T, U, V, SH2, 01;2 and S2 (Fig. 1(b)).
The fields Q, R, U and T may be used as either IN or OUT fields. Field P is always an OUT
field end'field ’_V is always an IN field. An OUT field is one which calls for ihe reading out of
~ data from a selected tape or relay storage source to a selected electronic storage unit by way
of the out bus set fixed by association with the electronic storage. -An IN field is one which
calls for transmission of data from a selected electronic ‘storage unit along the corresponding
IN bus set to a tape or relay storage distinction. Each ofb the fields P, Q, R, T, U and V are
divided into three subfields, s, b and r. Ps subfield comprises column 1, which is actually half
a column (2 bifs) with decimal values 0, 1, 2 and 3 only, and is used to designate the opera-
tional sign which is to be applied for a number fead from a source. A perforation in binary
position 2 designates operational "+" sign, i.e., the number taken from the source named in Pr
(see later) is to be handled in calculation without any change of its sign. A perforation in
binary position 1 represents operational "-" sign, i.e., the number read to be operated upon
with an inversion i‘n its sign. The absence of perforation in Ps represents "0," which is for
operational fiked "+'_' sign, i.e., regardless of the original sign of the number it is to be treated

as a positive number. Perforations in both binary 2 and 1 position represents decimal 3 which

L
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means operational fixed "-" sign, or treating the number as "-"

regardless of the original sign.
Pb subfield is_» the column 2, which may contain the decimal values 1, 2, 3 ... 8, designating the

electronic storage unit and corresponding out bus set involved.

Pr subfield is made up of columns 3, 4 and S bearing the hundreds, tens and units digits
of the Code number for the source from which a value is to be transmitted to the electronic:

storage unit named in Pb.

k.When a subfield "b" in any program field P, Q, R, U, V and T is blank, it represents "o"
and calls for the field to be, in effect, skipped over, during a scanning sequehéé of the =
- program line. When a subfield r in an OUT field is blank, then it calls for transmission’from" '
the electronic storage unit named in its b field to the electronic storage unit named in the .b
subfield of an IN field, which may also be blank in its r subfield. Field Q may be used either
as IN field or an OUT field. Subfield Qs is a complete decifnal column, unlike Ps, and
occupies column 6, in which 0, 1, 2, and 3 have same designation as Ps.- Addit_iohally, any of
these numbers in Qs cha;acterize Q field as an OUT field. Any ’c>lig,yit in Qs ﬁigher than 3
makes Q an IN field. Besides the values 4 to 9 designate the tens denomination of a column
shift and whether the shift to be executed to the left or right. The value 4 in Qs thus desig-
nates Q as an IN field and also calls for a shift to the right with a zero tens order. A 5 has
same interpretation only with a shift to the left. The value 6 calls for right shift with a tens
order shift of 1. 7 calls for the same amount of left shif’é. The value 8 calls for a right shift

with a tens order shift of 2. 9 does the same for a left shift.

Subfield b, in column 7, is used to designate the electronic storage unit number to send or
to receive data, depending on whether Q is an IN field or an OUT field. Qr is located in
columns 8., 9 and 10 to represent the source from which a number is to be sent to the
electronic storage unit if the field Q is an OUT field or to represent the receiving unit to which

the number is to be transmitted from the electronic storage unit if the field Q is an IN field.
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Field R is contained in columns_ 11 to 15 and its subfields are similar to'thé' fieid Q and

its subfield.
Field SH1 in column 16 designates the units order amount of column shift to be executed.

Field OPly,k in column 17 and 18 calls for the fundamental calculéting opérations to be

performed, such as accumulation, multiplication, division, etc.

The field S1 is a two column field in 19 and 20 which designates the source for next left

half line of sequence data.

The right half line of programming, S2 Seq., has fields and subfields similar to those of
the left half line, S1 Seq. Generally, all fields and subfields of S2 Seq. correspond to those of

S1 Seq. with the following exceptions:
1. As mentioned before, field V is always an IN field while P is always an OUT field.

2. The field T can be either IN or OUT field depending on the code in the field OP2.
When the latter field has the designation O1, it characterizes T as an IN field. In all

other cases, the field T is an OUT field.

It is important to understand the sequential nature of the scanning and execution of the
“elementary operations called for in a line of sequence: The left half line, or word, is executed
first; then the right half line; then the next half line, etc. Furthermore, within a half line, the

fields are interpreted and the specified elementary operations executed also from left to right.
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ELECTRONIC STORAGE

The electronic storage units are used for the temporary storage of numbers, and may be :

- compared to the general arithmetic registers of a modern computer.

- There are eight similar electronic storage units designated as ESl, ES2 ..., ES8. Each hés

' fWgﬁty columns (eighty bits) of decimal digit storage capacity. Entry into the ES ma’y: b‘e.‘

: ﬁlade from the internal IN bus set or alternatively from the corresponding numbered OUT busv
. set. Read out or exit from an ES unit may be into the internal OUT bus set or alternative‘ly _

into the corresponding numbered IN bus set.

All control and timing signais of ES are provided by the eight correspondingly numbered
pilot units. Whenever any transfer occurs, the data are passed through the electronic storage
unit. All numbers on the OUT bus sets enter electronic storage on their way to selected

destinations.

_All numbers on the IN-bus sets, with the exception of the artificial line of sequence from
»thve dial switches‘,b are taken from the associated electronic storage units and directed to the
épecified receiw./iﬁg ﬁnits. The electronic storage units are numbered 1, 2, 3, ..., 8 and can be
- accessed by the use of corresponﬂing digits in the éingle-column "b" subfield in the program

“sequence.
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" ‘RELAY STORAGE

:Re‘laly ‘storage consists ‘of sets of relay storage registers, also called relay storage units,
which recei;\re numbers from ‘the IN bus sets and store them until -called out for ‘transmission
-along the OUT bus sets. Certain of these relay storage units also serve:to cohtrol ‘the vprinting
unit, -as will be cx.pléined later (in printing section). There arev ten sets of étotage relays
designated as the 0, 1, ..., 9 sets. Each set has fifteen s_torage. units and each unit has twenty
columns of storage relays, each column capab!e'of storing a decimal digit. As the decimal ‘di‘git
is represented in BCD code, there -are four relays in each column, which may be called "8,"
YRR and "1" relays of a column. Each relay storage unit is identified by a three-decimal-
digit number, which may appear in the "r" subfield of any IN/OUT field. The digit in units
place is the number of the relay storage set containing that unit of storage. The two left hand
-digits form the -unit ‘identification number. Thus in relay storage set "0," the fifteen units are
designated as 010, 020, 030, ..., 150; and for example, unit 159 is the 15th unit in the set 9.
The code ‘numbers for selecting relay storage units are the same as the identification numbers
.of these units -except for certain special numbers relating to selection of relay 'storage units for
controlling r:ecofd operations. As mentioned earlier, all the numbers on an IN/OUT bus set
from any source or to any receiving means are passed through ES (with the minor exception’ of
the -artificial line -of sequence). Hence, when the program calls for a number to be e‘ntered
into or taken out from a relay storage unit, it is necessary to refer one of the ES also, which is

done by using the corresponding "b" subfield.

If only 10 column numbers are to be handled, then each storage unit can be used as a
split storage device to store two numbers each with 9 digits and a sign. Right and left half of k
the storage unit can be reset and written independeéntly. All these are done by plugging as has

‘been explained in the Patent.



-11 -

VI
TAPE STORAGE

Tape ‘Storage comprises three banks Nos. 1, 2 and 3, each with ten tape stations. - Each
bank has eight group sets éssociated with eight OUT bus sets 1 to 8. Selection of a unique
tape storage location, therefore, requires selection of a tape storage bank and selection of one
of‘ its group outs. The sglection of a bank is determined by the tape storage code number in
the r subfield and selection of one of the group outs from this bank is determined by the digit
in the adjacent b subfield. The code number for the tape storage stations run from 403 to 422
and 503 to 522 for bank 1; from 433 to 452 and 533 to 552 for bank 2; and from 463 to 482
and 563 to 582 for bank 3. It is clearly’ seen that the hundred order digit 4 or 5 identifies
tape storage, and of tens order digits 0, 1, and 2 identifies .bank 1, any of tens order digits 3, 4
and 5 identifies bank 2 and any of tens order digit 6, 7 and 8 identifies bank 3. The following

section is not needed for programming purposes, but is included for better understanding.



TAPE STORAGE BANK

‘STATION
1 2 g 4 5 6 7 8 9 _10

ALOLAL LA A

.

‘1ASS 1BSS 2ASS 2BSS 3ASS 3BSS 4ASS 4BSS 5ASS 5BSS 6ASS 6BSS 7ASS 7BSS 8SASS 8BSS 9ASS 9BSS 10ASS 10BSS

Figure 2

_Z'[_.



-13 -

Figure 2 shows the ten tape stations in one bank. Associated with each station there are two
outlets called sfétion selector A and B. Each of the station selectors A comprise a gang relay
ASS and '"éach of the station selectors B includes a gang rél'ay BSS. The station relays may be
differentiated by a prefixed number corresponding to the associated station, e.g;, relays 1ASS
are associated with station 1. As there are thirty stations» in, ;xll there are sixty station relays
ASS and BSS. The tape storage code number callg_ for a ;E'aﬁicular one of these station re'lé;);{sk..‘ |
As explained before, all tape storage code numbers have’j;{‘é or 5 in their huﬁdreds order dig;ts._-
The distinction 1s that the hundred order digit 5 calls for thé statidn tape to move afte‘r”’i’ieihg
read out while hundred order digit 4 calls for the station tape to remain at rest after being read "
out. Regardless of whether the hundreds order digit is 4 or 5, tens of&gr digit 0, 1, 2 charac-
_terize code numbers for station relays in tape storage bank 1, tens order digit 3, 4 and 5 are in
the code number for the relays in bank 2 and tens order digit 6, ‘7 and 8 select the relays of
bank 3. Units order digits which are odd relate to jrel'ays'_ ASS and those ‘which are even
related td relays BSS. The ten station relays in bank Aone identified as follows (ignoring the
digit 4 and 5 in hundred order places): 1ASS by 03, 2ASS by 05, 3ASSby 07, 4ASS by 09,
5ASS by 11, 6ASS by 13, 7ASS by 15, 8ASS by 17, 9ASS by 19 and 10ASS by 21. The ten
BSS relays in bank 1 are idenfified as follows: 1BSS by 04, 2BSS by 06, 3BSS by 08, 4BSS by
10, 5BSS by 12, 6BSS by 14, 7BSS by 16, 8BSS by 18, 9BSS by 20, Eand 10BSS by 22.
Similarly the relays 1ASS to 10ASS of bank 2 are identified by code nﬁmbers 4 or 5 in
hundreds order followed by 33 to 51 (all odds) and relays 1BSS to 10BSS in bank 2 by
numbers 34 to 52 (all evens). The relays 1ASS to 10ASS in bank 3 are identified by 63 to 81

(all odds) and the relays 1BSS to 10BSS by 64 to 82 (all evens).

There are two more relays MA and MB for each bank of ten stations which, when
enefgized, cause the tapes to move. Relay MA when energized allows any of the selected ASS
relays of ‘the bank to transmit the effect of a move signal to the related move network. Relay
MB serves the same purpose in relation with the BSS relays. If the code number in the r field

for a tape storage station had the hundreds order digit 4 then neither the MA nor MB
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aciuates. But if there is 5 instead of 4, then relay MA will be energized if any station relay
ASS is selected ‘or relay MB ‘will be :energized if any station relay BSS is selected. Thus, there
are three factors to be -considered in ‘this selection or nonselection of ' thé move relay. One,
whether the hundreds order digit vis 4 or 5; another, whether the units orde; digit is odd or
even ’(i.e., whether’ ASS or iBSSrl-el'ay, ‘whether MA or MB) and ’finally with respect to ‘the
selection o'f .a:move ‘reléy from a paﬁiculai‘ storage bank, whether the tens order digit is in one

of the three mentioned group of digits.
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VII
TABLE-LOOKUP UNIT

This unit is used to look up table values by comparing arguments punched in the tape
with the computed arguments received from electronic storage units. The table lookup unit is

used also to read sequence and value tapes.

This unit inclﬁdes 36 tape stations which may carry tapes bearing tables of arguments and
related function values. The tape argument may consist of from 1 to 5 columns of numerical
digits punched in the left pértion of the tape, starting with binary position 3 but not exceeding
position 24. (3 and 4 contain the signb). The unit will handle up to 6 tables of one or two
tape width, which can be arranged by plugs and connections. A table may consist of maxi-
mum 36 tapes in length if the table is only one tape wide, with a limitation of maximum width

of 12 tapes wide.

The lookup operation is conducted by comparing the arguments portion of each succes-
sive word from tape with the computed argument. The argument selected is the last one that
does not go beyond the computed argument. This determination is facilitated by the inclusion
of a pair of reading stations. At that time the function value corresponding to the selected

argument is available for reading out from the electronic storage unit via its associated bus.
¢

The code for a table lookup is one of the numbers 281 to 286 in an "r" subfield. A

program for this operation is:

Ps Pb Pr Qs Qb Qr Rs Rb Rr SHI OP1 Si

2 1 - 127 4 1 281 02 01

which calls for a transfer of a computed argument from relay storage 127 to the table lookup

apparatus (since 281 in "r" subfield represents Table 1) via ES1.
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The selected functional value is positioned at the reading station of the selected tape unit.
‘During the lookup operation other computations may be performed following the above line of
instruction. After such calculation, the following line may be used for reading out the selected

functional values.

Ps Pb Pr Qs Qb Q Rs Rb Rr SHI OP1 S1

2.1 281 4 1 126 0 02 o1

The selected functional value ‘will be read out to ES 1 ,éftef the execution of thisx line, and

stored in the relay storage unit 127.
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VIII
DIAL STORAGE

Here, unlike all other storage, data can be set manually by the operator. A dial storage
bank consists of a set of twenty dial switches named as DS1, DS2, ..., DS20. Each dial switch
is manually settable to a desired decimal digit. Thus, twenty digits, i.e., a whole word, may be
registered by the set of dial switches. The switches are further identifiable as column 1 to
. column 20 switches to conform with the numbering of the bus columns. If the code number in
an r subfield is "603," it calls for a value to be read out ffom the dial storage unit no. 3. The
corresponding subfield "'b" selects the dial storage group out and electronic storage, depending

on which OUT bus set is to receive the value from the dial storage.
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IX
PLUGGABLE STORAGE

Besides the various memory storage units, the machine provides pluggable storage as a
convenient means for applying constants to the OUT-bus sets to be entered in electronic
storage. Several pluggable storage units are provided. Ten of these are designated by code

numbers 610 to 619, which may occur in subfield r of an OUT field of a line of sequence.
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X
THE ELECTRONIC ACCUMULATOR UNIT

This is an arithmetical unit in the electronic computing section. When accumulation is
called for, the accumulator unit receives numbers successively in binary coded decimal form
(19 decimal digits) from the columns 11 to 29 of the internal IN bus. Along with each
number, the internal IN bus set will supply the sign of the number to this unit. This unit can
perform simple accumulation of positive and negative numbers. Means are also provided for
rounding off up fo a desired order of the result in the accumulator. The accumulator may also

perform a special accumulation operation called tolerance check which will be discussed later.

Associated with the accumulator unit is a so-called internal commutator which subse-
quences all the operations of the accumulator upon reception of certain signals from main

sequence.

A.block diagram representation of the electronic calculating circuit has been attached

(Fig. 3). The accumulator has 29 orders, of which the 29th is a result sign evaluating order.

" The internal IN bus columns 2 to 29 are connected respectively to entry means for accumula-
tor bord_ers 28 to 1. However, in the present case only the bus columns 11 to 29 may carry
significant digits since it is only these columns which receive digits from electronic storage.

These bus cblumns 29 to 11 are associated with accumulator orders 1 to 19 respectively. With

regard to orders 20 to 28, they will fecei)ve "o" entries from the bus columns 2 to 10. The

‘ internal IN bus column 1 which éarries the algebraic sign of the number to be entered in the
. accﬁrﬁulator is connected into a "sign mixing'' circuit. The outputs of orders 1 to 28 are

‘ Aéonnected to the internal OUT bus columns 29 to 2 respectively and that of the 29th order is

connected to the internal OUT bus column 1 to apply the sign of the result.

The operation will consist, in general, in entering the number from the internal IN bus set

into the entry registers and thereafter from there transmitting the number to the corresponding
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orders of the accumulating registers. The first set of registers is called the entry counter. The
second set of registers, the exit counter, comprises the accumulating device per se and its
register orders are denominationally associated by carry means. Both "+" and "-" numbers
may be accumulated and an albegraic sum obtained. All numbers are represented on the
busses in true, binary form if the operation sign is "+." But if it is "-," then tens complement
of the number in entry registers will be read out therefrom to the accumulating registers. The

sign of a number and the operational sign may be 0, 1, 2 or 3, as previously explained.
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X1

ACCUMULATION

Assume a line of sequence data selected by S1 and S2 numbers is as follows:

S1 Seq—» Ps Pb . Pr Qs Qb Qr Rs Rb Rr SH1 OP1 S1
2 1 010 2 2 011 4 1 030 O 02 16
S2 Seq—~ Ts Tb Tr Us Ub Ur Vs Vb Vr SH2 OP2 S2
1 3 433 2 6 552 4 5 151 6 04 02

Pis élways an OUT field. The"éode number in this field calls for an amount to be read out of
relay storage unit 010 (Pr) to OUT bus set 1 (Pb) and without a change in sign. The Q field
is characterized as an OUT field by number 2 in QS and this number also specifies that the
number to be read out of relay storage unit 011 (Qr) to OUT bus set 2 (Qb) is to be handled
without any change of sign. The R field is characterized as an IN field by the 4 in RS which
- also calls for a shift to the right with a zero tens order. In its entirety, therefore, the R field
calls for the result to be entered into relay storage unit 030 from accumulator via IN bus set 1
" with a denominational shift to the right of zero tens order. The code number "0" in SH1
signifies the shift in unitsvplace‘ digit will be zero. So it is clear that the denominational shift

will be zero. Code number 02 in OP field calls for accumulation without half correction.

In brief, the instruction given by P, Q, R, SH1 and OP1 fields are to send numbers from relay
storagek 010 and 011 via electronic storage units 1 and 2, respectively, to the accumulator to
be accumulated Without change in sigﬁ of the numbers and without half correcﬁon and for the
algebraic sum to be routed thrdugh the denominational shift unit without column shifting and

then via eléctronic storage 1 to relay storage unit 030.

The T field is classed by 04 in OP2 as an out field. 433 in Tr calls for the number to be read

from the tape at station 1 in the tape storage bank via the A outlet of this station via electron-
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ic storage ES3 (Tb) and for the tape to remain at rest after the number has been réad out./ Ts
signifies that the sign of the number is to be changed. Field U is classed as an out field by 2
in Us which signifies further:that no change of sign should take place. Nﬁmber 552 in Ur calls
for the number to be read out of the tape at station 10 in bank 2 via the B outlet of this
station through the ES6 (Ub)k and for the tape to be moved after the number has been read
out. Field V is always an IN field, and 4 at Vs calls for a zero tens place right shift. Digit 5
in Vb indicates that the transferred should be through IN bus set 5 via ES5. Vr represents
relay storage 151 which is the 15th unit of set 1 and which is the destination of the result
from accumulator. Code 04 in OP2 instructs the machine to perform accumulator, with half

correction of the result.

In short, the instructions given by T, U, V, SH2 and OP2 are that the numbers from stations 1
and 10 of bénk 2 be applied via their A and B outlets to out bus sets 3 and 6, respectively, to
‘be routed through electronic storage units 3 and 6; that the tape at station 10, bank 2 be
advanced after the number has been read; that the sign of the number taken from station 1,
bank 2 be changed; that the result be shifted by the denominational shift unit 6 places to the
right; that the half correction entry of 5 be made in the Stﬂ order of the sum before denomi-
national shift is completed and that the rounded off resylt be routed via electronic storage unit

5 to relay storage unit 151.

In the preceeding example, we have seen instructions for combining pairs of numbers in one
instance by addition and without half correction or shift, and in the other instance by subtrac-

tion with half correction and denominational shift of the result.
Suppose another line of sequence of data is:

S1 Seq- - Ps Pb Pr Qs Qb Qr Rs Rb Rr SH1 OPl S1

2 1 012 2 2 013 1 3 030 O 01 01
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S2 Seq~» Ts Tb Tr Us Ub Ur Vs Vb Vr SH2 OP2 82

0 5 121 1 4 151 4 1 122 0 01 02

The code 01 in OP1 calls for accumulation without half correction of the accumulated result.
The interpretation of this program sequence is as follows. A number is to be taken from relay
storage unit 012 (Pr) and applied to OUT bus set 1 (Pb) without any change of sign (PS=2).
A second number is to be taken from relay storage unit 013 (Qr) and applied to OUT bus set
2(Qb) without any change of sign (QS=2). A third number to be read out of relay storage
unit 030 (Rr) to OUT bus set -3 (Rb) to be handled with a change in sign (RS=1). These
numbers are to be entered successively to the accumulator (OP1=01). The accumulated result
and sign are to be transmitted to relay storage unit‘ 121 (Tr) via IN bus set 5 (Tb) as T field is

characterized as an IN field (OP2=01).

After executing one in field (i.e., storing one result) the machine clears the accumulator
and proceeds to scan the rest of the sequence. The number in relay storage unit 151 (Ur) is
routed to accumulator via ES4 (Ub) with a change ip sign (Us is 1). The number changed in
sign is to be transmitted via the denominational shift unit without column shifting (VS=4,
SH2=0) via ES1 (Vb) td relay storge unit 122 (Vr). This program shows the accumulation of
three numbers and utilization of T field as an IN field. Also it shows that other operations are
possible with multi word accumulation. If in this example we should use 02 for OP2 then T
field would be an OUT field. In that case the terms selected by P, Q, R T (OUT field) and U
fields would be accumulated and their result stored in the unii selected by V field. A single
line of sequencé thus may ball for successivbe aﬁcumulation of a maximum of five numbers. If
it is desired to accumulate hlore than five numbers, two or more lines of sequence may be
used. In that case, V field of each line except thg last line will be left blank aﬂd will act as a
skip field.” The V field of last line will be the IN field to store the result of aécumulation and
its sign. Obviously, any number of terms may be accumulated successively and directly in this

manner.
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XII
MULTIPLICATION

If the code nuxﬁber in‘OP field is 10, ~mu,1;iplication without half correction is called for
and if it is 15, then multiplicatioﬁ with hélf correction is ordered. A maximum of twb
‘multiplications can be ordered by a complefe line of sequence with each multiplication in one
“half lines., An example of S1 Seq. of data calling for multiplication without half correction;i“s’ :

given below:

S1 Seq. Ps Pr Pb Qs Qr Qb Rs Rb Rr SHi OP1 81

1 1 017 2 2 158 4 3 139 0 10 01

The above program calls for a number from relay storage unit 01 (Pr) to be sent to ES1
(Pb) and thence to-the MD unit (multiplying and dividing unit) to serve as the multiplicand
and for the "-" operational sign to be applied to the sign mixing circuit; for the number from
storage ﬁnit 158 ‘(Qr) to be sent to ES2 (Qb) and from there to the MD unit to serve as
‘multiplier and for the "+ operational sign to be applied; the product to be noted through the
denomination shift unit- without column shifting and to ES3 (Rb) and transmitted from there
to relay storage unit 139 (Rr) with the sign of the product being determined by the sign

mixing network.
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X111
DIVISION

The code number 20 in the OP field calls for division without half correction which may
be ordered by é half line of sequence. The code number 25 in the OP field calls for division
with half correction of quotient. A sample half line of S2 Seq. Eor a division without half

correction is,

S2 Seq. Ts Tb Tr Us Ub Ur Vs Vb Br _SH2 OP2 S2

2 1 151 1 2 142 4 130 136 9 20 02

This program instructs the machine to take the divisor from relay storage unit 151 (Tr)
and direct it via ES1 (Tb) to the MD unit without sign change; to take the dividend from relay
storage unit 142 (Ur) and bring it through ES2 (Rb) to the MD unit; to pass the quotient to
the denominational shift unit where it shall be shifted nine places to the right (VS = 4, SH2 =

9), and to transmit the shifted quotient to ES3 (Vb) and thence to relay storage unit 136 (Vr).
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X1V
COMPUTED OR MODIFIED SEQUENCE

For some problems the course and chéractgristics of the calculation have no deviations,
and pre-chosen program paths_anq instructions may be used. For other pkvrobl‘e.ms, the course
or extent of calculations varies according to computed results and completely preselected
sequence lin»es are not suitable. Because simple, computable numbers have been used as .
instructions, the-}ines of sequence may be computed to steer (a) the coursé, (b) the nature,
and (c) the extént of subsequent calculation. In this section we will show z;n example of the
first of the capabilities, computed selection of the sequence path. Let’s consider a program for

finding the square root of a number N using Newton’s formula

X(NEW)=(X(OLD)+ /2.

N __
X (OLD)

As by this time we are already familiar with the way in which accumulation, multiplication,
division, etc. are accomplished in the SSEC program, we won’t discuss those elaborately.

Instead, the terms shown in parenthesis in the program will carry the information about

calculations in progress.

P Q R SH1 OPl S1 T U v SH2 OP2 8S2
s b r s b r s b r ‘ s b r s b r s b r
2 5031 2 6128 4 2032 8 25 22 2 2 2 5 4 3 033 02 21
(x(0)) N (N/X(0)) (X (0)+N/X(0))
2 3 2 4614 4 5129 1 15 22 6 0 2 5 .4 1106 5 04 21
(X(0)+N/X(0)})/2=X(N) ’ : X (N)/109=t (tolerance)
2 5 1 4031 4 2034 02 22 2 1 3 2 6 3157 9 02 21
(X (N)-X(0))=d (difference) (t=d)="'+' or '-"
2 5157 2 3613 4 1152 02 22 2 2612 2 5 4 4 153 02 21
(27+5) =32 or 22 (26+5)=31 or 21 -
32 -
or 2 5129 4 5 031 02 53
22 (X (N) goes to unit 031) L
3
or

21



=27 -

X(0)=X(OLD) is the first guessed square root which is preliminarily put into storage unit
031. The first calculated approximation of square root X(N) is to be used to obtain tolerance.
Tolerance is computed in the second half of the second line by dividing X(N) by 105, which is
equivalent to shifting it five places to the right. The second half of 3rd line computes (t-d)
and shifts the result to the right, 19 places to discard the numerical val;le of the result and to
leave the sign only, which is enough information to know whether the computed value is less
or greater than the tolerance. The "+" or "-" sign is transmitted from ES3 to column 1 of
relay storage ﬁnit 157, which has been preliminarily plugged so that its two halves will be reset
and receive data independently. The constant 5 is prelimiﬁarily entered in the right hand
column of the right half of storage unit 157 through pluggable storage. Hence standing in 157
is +5. Pluggable storage has been preliminarily set to apply the number 27 to out bus set 3.
The Q field of the 4th line of sequence does that. The same half of the 4th line does the
accumulation of +5 and 27 and transmits the result\ 32 or 22 in relay storage unit 152 during
the execution of the R field. During the execution of the second half of the 4th line number,
26 is directed from pluggable storage to the ES2 and hence to the accumulator after which +5,
which was buffered in ES5 by unit 157, is applied to the accumulator and the result 31 or 21

is transmitted in relay storage unit 153.

Now present in relay storage units 152 and 153 are computed S1 and S2 numbers. The
output hubs 52 and 53 of S1 and S2 pyramid are prelixninarily plugged to relay storage hubs
152 and 153, respectively. During the execution of the 5th line of sequénce, therefore, the
next computed line of sequence is called out from relay storage 152 and 153 and transmitted
to sequence storage. The compﬁtéd line of sequence just transmitted comprises S1 and S2
numbers 32 and 31 respectively, if the first calculated approximation X(N) and the first guess
X(0) do not differ from each other by more than "t." This means the square root of N has
been calculated to the required degfee of accuracy so the main sequencing path may be
resumed for the continuation of the main calculation. On the other hand, if the computed S1

and S2 numbers are 22 and 21, i.e., the difference d is greater than the tolerance t then the
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iteration seqﬁence is repeated. During the execution of the 2nd half of the 5th line the first
calculated square root X(N) is transmitted from unit 129 to unit 031 and so has replaced the

first guess for the next iteration sequence. -

In this manner the aboye‘ loop can be run as many times as necessary to obtain a squa;e
root with required accuraéy and when it has been obtained, the computéd S1 and S2 nunib,érs
will be 32 and 31 and will direct the calculation into the main path. Besides the modificati:dn."
of sequen’cei codes, other modifications of the pfogram through computation are possible.
These inclhde, >for example‘, -COmputed operation code, shift code, address code (any of the ‘six
"r" subfields), bus code, 6pérational sign code. An example of each of these has been given in

the SSEC patent.
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XV
TOLERANCE CHECK

This check ordinarily serves for checking the accuracy of computations. Through

- programming, the same computatioh is done by two different rﬁethods and the results are
stored and later brought to the accumulator -- one as a negative and one as a positive number
-- so that accumulator can obtain the difference, if any, between the two computation results.
This difference is then read out of the accumulator and re-entered therein as a negative
absolute number. The main sequence then selects the source for a tolerance number which is
usually set up in dial storage no. 3. This tolerance number is the allowable difference between
the results of two computations of a particular problem. This number is entered into the
accumulator unit as a positive number. If the tolerance number is less than the '.difference
between the two computations, then the result of the comparison is negative and out of
tolerance, and machiné operation is interrupted. If the tolerance number is equal to or‘ greater
than the difference between the two computations then the result is positive and the scanning
of sequences is continued. In other words, if the 29th order of the accumulator is at "'0," then
the algebraic sum of two numbers sent to the accumulator is positive, hence, in present case
the program continues, but if the 29th order is at "9," then it is negative and program is

interrupted. An illustrative line of sequence ordering an answer tolerance check is given

below:

S1 Seq. | Ps Pb Pr Qs Qb Qr Rs Rb Rr SHI OPI S1
2 3 o6 1 2 137 4 1 0 02 o1

$2 Seq. Ts T Tr Us Ub Ur Vs Vb Vr SH2 OP2 S2

2 6 603 3 1 ' 4 0 03 02

S1 Seq. calls for the answer relay storage unit 016 (Pr) to be sent via electronic storage

unit ES3 (Pb) to the accumulator unit to be acted on without a change in sign. (Ps is 2); the
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answer in relay storage unit 137 (Qr) to be brought via electronic storage ES2 (Qb) to the

"." sign of the number) from the

accumulator unit to be subtracted (Qs is .1';‘w_ihi£:h implies
‘number previously accumula}ed, and the différence will bek stored in electronic storage unit 1
(Rb), because: R field "is an IN field (Rs is 4) The S2 Seq. of the above line calls for the
tolerance number, which is sét from the outside to be read out (OP2 is not 01, hence sz
OUT field) of dial storge unjt no. 3 (Tr is 603) and via ES6 to the accumulator unit>tol"kl;<‘§v
handled without a change -of sign; the answer difference in electronic storage unit 1, (Ubis 19
which was stored there by R field to be sent to the accumulator unit to have its absolute value
subtracted (Usis 3) from the' tolerance number and the proceed signal will be produced (Vs is

4), if the tolerance check (required code is 03 at. OP2) finds the answer difference to be equal -

to or less than the tolerance number.

The tolerance check can be used for some other purposes. For instance, it can be used to
stop computations, when a table of f(x) has been computed between the limits of +0.001 and
0007 5. To chepk the upper limit, the tolerance number +0.0075 may be used and f(x) value
is subtracted therefrom, and to check the lower limit the number -0.001 is added to each f(x)

value. This check may be made after each computation of f(x). The line of sequence is:

S1Seq. Ps Pb Pr Qs Qb OQr Rs Rb Rr SHI OP1 S1
16 1 012 1 2 013 4 0 03 01
S2 Seq. 'Ik‘sb Tb Tr Us Ub Ur Vs Vb Vr SH2 OP2 S2
2 3 o014 2 2 4 ' 0 03 02

The upper tolerance value +0.0075 is in relay storage unit 012 (Pr) and the lower
tolefance. v;alue -0.001 is in relay storagt; unif 014 (Tr). The value of f(x) obtained from the
last com-pu'tation ié in .relay storagé unit 013 (Qr). As the ‘code for both OP1 and QP2 is 03,
the tolerance check means §vi'll bé used in both half of scanning sequence. At the first of

calculating steps the entry of upper tolerance limit into ES1 (Pb), the value of f(x) into ES2
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(Qb) and the lower tolerance limit into ES3 (Tb) will be made from corresponding relay
storage. In the second step, the upper limit is transferred from ES1 to the accumulator
without any change in the sign (Ps is 2) and the value of f(x) will be transferred from ES2 to
accumulator with a change in sign (Qs is 1). This change in sign of one of the two numbers
being sent to the accumulator, causes the subtfaction. If the value of f(x) is equal to or less
than the upper tolerance limit in the result of the accumulation or the number in accumulator
is positive then proceed signal will be generated. If check result is negative then the scanning
sequence will stop. Assuming as above, the value of f(x) is less than the upper tolerance, then
the program will start the second half of the scanning sequence. First step of this half that the
accumulator will be cancelled and the previous values will be cleared, then the lower tolerance
limit will be transferred from ES3 to the accumulator without any sign change. If the value of
f(x) is ﬁot sméller than +0.001, then the addition of this value to the lower toleranéé number
-0.001 will produce a positive» number, otherwise negative. During the scanning of V field, the
result of the second check will be tested and proceed signal will be generated if the test result

is positive.
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XVI
HALF CORRECTION

The number of digits in the produc/f lis éither equal to or one less than the sum of thé
digits in- the multipliers and multiplicand factors_; The rounding off of a:result is called for
only in‘connection with a column shift to the right. The number of digitvs,‘to be discar;iejd_. 1s
equal to the column shift to thé right. The product may be a maxinium of 28 digifé (as
allowed maximum number of decimal digits in both multiplier and multiplicand is 14), but thé‘;,
receiving u,ni't'."is. Efésigned to receive a maximum of 19 digits plus the sign. Therefore, when
the product,is;t'he full 28 digits, then at least 9 rightmost digits must be discarded through the
operation of denominational shift. In such a case; ‘.thé column shift amount will be nine and'a‘
shift to the right will be signalled for. The half correction or b.brvounding off operation consists
of a&&ing 5.to the order of the number at the right of the rightmost digit to be transmitted

- through the receiving unit.
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XVII

PRINTERS

Each of the two printers is capable of printing, on one liﬁe, the numbers stored in four
- :relay storage units. For printer No. 1, the storage units are 120, 121, 122, and 123. It prints,

' bon one line, either four 19-digit numbers with their four signs, or eight 9-digit numbers with
their eight signs, depending on how these relay storage units are being used. The units may be
filled in any order and printing may be called for upon filling the "f?’ourth storage unit by
substituting a "'6" for the '"2" in the middle digit of the code number for that unit. (See Table
3.) A line of sequence calling for printing may also include one or two calculations. The
printer code number will always appear in the last program field that specifies entry into relay

storage units 120-123. Consider a programming example:

S1 SEQ Ps - Pb Pr Qs Qb Qr Rs Rb Rr SHY OP1 S1

2 1 010 2 2 011 4 3 123 0 01 01

S2 SEQ Ts Tb Tr Os Ob Or Vs Vb Vr SH2 OP2 82

0 4 121 4 5 122 4 6 160 O 01 02

This program calls for the accumulation of the number in storage 010 and 011, the transmis-
sion of the result to storage 123, to 121 (T is an infield), to 122 and to 120 (160=120). At
this point (Vr=160) when 160 is recognized, a printing cycle is called in to print numbers
placed in>120, 121, 122, and 123. (This program may be used tov check the relay storage

unit.) Another printing program is:

S1 SEQ. Ps Pb Pr Qs Qb Qr Rs Rb Rr SH1 OP1 Si1
0 0 0 2 1 151 6 2 161 0 02 01
S2 SEQ. Ts Tb Tr Us Ub Ur Vs Vb Vr SH2 OP2 -8S2

2 3 010 2 4 o011 4 5 012 5 15 02
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In this case, the number in relay storage unit 151 is transmitted to storage unit 121 (Rr being
 161) with a shift of ten places to the right, and the printing is called into operation to print
the numbers in 120, 121, 122’ and 123. Here, if any of the relay storages 120-123 is blank,
then the machine will print nothing for those storage. Actually this prog‘r'cAlm éssumes that the
numbers.are already present in storage 120, 122, and 123. The second half of the seql;éné‘é
schedules a multiplication, showing that other calculation can be performed concurrently with

printing. Third example is:

SISEQ. Ps Pb Pr Qs Qb Qr Rs Rb Rr SHI OPl SI

2 1 100 2 2 o 4 3 120 0 02 01

S2SEQ.  Ts Tb Tr Us Ub Ur Vs Vb Vr SH2 OP2 S2

2 4 121 2 5 122 4 6 163 0 10 02

The first half of the program calls for addition of the numbers in storage unit 010 and 011 and
_entry of the sum in 120. The second half calls for the multiplication of the numbers in 121
~and 122 and entry the product into 123 (vr=163). Since, Vr is 163, the sum is 120, the

factors in 121 and 122 and the product in 123 will all be printed on the same line.

‘Comment - One discrepancy is that whenever the program calls for printing the contents of

120-123, all are printed. No one of them can be printed individually.
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XVIII
OTHER INPUT/OUTPUT DEVICES

The input data for the SSEC is entered in two ways, By punched cards or by punched
tapes. There are two card readers each of which reads 200 eighty column cards in a minute.
There are two types of coding provided for read out of data from cards, one that causes a read
out followed by a card feed operation and one that causes only read out. The card readers
deliver the numbers from the cards they read to memory units 150-154 for Reader No. 1 and
155-159 for Reader No. 2. If only one number is to be read from a card then the other four
memory units for that card reader are available for normal relay memory use. When certain
numbers are required repeatedly inv 'the course of a problem or at very close intervals or in
great numbers, a tape is automatically prepared in advance by means of an auxiliary reproduc-
ing punch"’which is 'arranged to read 300 cards and punch 300 lines of tape a minute. The
punching déne by this unit is checked in the same operation to give complete assurance of true
copy of the card data‘ on the tape. The tapes may be placed on any of the 66 tape reading
stations (as described invSection VI). The data from the tape are read into the calculator
directly over the main buses without the aid of special relay memory units. The operation and
codes for addressing for tape reading have been described in the tape storage section (Section

VvI).

When intermediate or final results or data are to be delivered as an o.utput, they are
supplied to the user in three ways, by printing, by punched cards and by punched tapes. The
relay storage units and corresponding address codes for printing have been discussed in the
printing unit section (Section XVII) for Printer No. 1. Similar coding applies for printer no. 2,
but the corresponding relay storage units are 126-129.’ Even if only one number is to be
printed, the' other thrée storage units corresponding to that printer cannot be used as normal
relay storage units while printing continues. The numbers stored in punched cards are usﬁally

final results. Eighty column cards may be punched at the rate of 100 a minute on any of the
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twc; card; punches. Four pairs of relay memory units are associated with each punch. Each
pair of relays is used in an alternating mode to be described shortly. When more than one pair
* of memory unitd are used, the entry of the 1ast number before punching is done by a sequence
code that,;difecté the unit to store and also initigtes the operation of the punch. Results to be
punched on:f"cér‘d‘s are placed‘ in memory unit;sﬂ 130-133, 136-139, 140-143 and 146-149. The
numbers whlch are punched in paper tapes 6n'oﬁe of the thfee tape memory units a;e sent to
designated '.rélay memory uhii:s associated with gach of the tape units, namely units 134 arid
144; 135 and 145, 115 and 125 for tape units po. 1, no. 2 and no. 3, respectively. The‘
instruction to sfore in a"iape memory‘:llnit“ causes ilfe:"tape punch on the tape unit to operaie
after the nﬁl;lber has been stored in one of the two alternate relay memory units. While a
number is Being punched, the correct punching’of the prgvio‘us number is being checked

against the number standing'invthe alternate memory unit.

Thus, as we see from the above discussion, 40 units (16 units for card punch, 6 units for
tape punch, 8 units for printers and 10 units for card readers) out of 150 relay storage units
are used as auxiliary storage in connection with the input and output devices of the SSEC.
The rest of 110 relay storage units are solely memory units. Of course, those forty units can
also be used as memory, if programmed accordingly. Whether they will be used as normal
memory, or for input/output transfer is established by programming, using the sequence codes

given in table No. HI.
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. . SUB
SEQUENCE |[FIELD FIELD VALUES INTERPRETATION
: (DIGITS)
0 Operational Fixed Positive sign.
s 1 Inversion in the original sign.
(1/2) 2 No change of sign.
3 Operational fixed negative sign.
P 0 Corresponding field to be skipped
(only " b 1-8 Electronic storage unit and corresponding in/out bus
out (1) set (for in/out field)
ficld) Destination/source (for in/out field, as applicable) of
r - data or program word in storage including relay storage,
3) dial storage, tape storage, pluggable storage and table
look-up unit. (See Table No. 2)
0-3 Same as Ps, in addition, any of them characterize the
field as an out field
4 The field is an in field and a shift to the right with a
tens order shift of '0'
5 The field is an in field and a shift to the left with a
tens order shift of '0'
LEFT Q s 6 The field is an in field and a shift to the right with a
HALF n tens order shift of '1’
(both 7 The field is an in field and a shift to the left with a
out tens order shift of '1’
and in 8 The field is an in field and a shift to the right with a
ficld) tens order shift of '2'
9 The field is an in field and a shift to the left with a
tens order shift of '2'
b(1) 0-8 Same as Pb
r(3) - Same as Pr
R s(1) 0-9 Same as Qs (see note below)
(both b(1) 0-8 Same as Pb
out and r(3) - Same as Pr
in field)
SH1(1) 0-9 Units order of column shift
00 No operation of the accumulator
01 Accumulation without half correction
02 Accumulation without haif correction
OPI1(2) 03 Tolerance check
04 Accumulation with half correction of the sum
10 Multiplication without half correction
15 Multiptication with haif correction of the product
20 Division without half correction
25 Division with halif correction of the guotient
S1(2) - Source for the next left half line of sequence data
T* s(1/2) 0-3 Same as Qs (see note below)
(both in b(l) 0-8 Same as Pb
and out r(3) - Same as Pr’
| field)
U s(1) 0-9 Same as Qs (see note below)
(both in b(t) 0-8 Same as Pb
RIGHT and out t(3) - Same as Pr
HALF field) "
S(1) 0-3 Not used, as they are not nccessary, (sce note below)
\% 4-9 Same as Qs with an exception that this field is always
an in field
(only in b(l) 0-8 Same as Pb
field) r(3) - Same_as Pr
SH2(D) 0-9 Same as SH1
- Same as OP1 with an exception only when the code is
0oP2(2) 01, which characterizes T field as an in ficld. '
) In all other cases T field is an out field.
S2(2) - Source for the next right half line of sequence
data.

* See interpretation of field OP2.

Note: - As the sign of result is already determined, digits 0-3 are invalid in 's' subfield of any in field.

TABLE 1
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- Type o ;
of Code INT ERPRETATION OF CODE NO.
~ Storage Number Ly
“Relay 010- Units digit ‘iden't\ifies one of the ten sets of relay storage
Storage 159 units. The two left digits distinguish one of 15 units in the set.
(1) ; . .
Table 281 to Addxess of Table 1-6 respectively.
Look-up 286 .
Unit
4> Station tape remains at rest after being read out. _
S5** Station tape is to be moved after read out. ,
*0* ODD UNITS ORDER DIGITS
TAPE *1*. .. .| IDENTIFIES BANK 1 RELATE TO ASS RELAYS,
*2%* ‘ ‘ EVEN UNITS ORDER DIGIT
STORAGE | *3* RELATES TO BSS RELAYS.
x4 IDENTIFIES BANK 2
| kgE : -
. *6* : :
- *T* IDENTIFIES BANK 3
3 *Q*
Dial
Storage 603 Address of dial storage no. 3 (3)
- Pluggable 610 to Address of ten units of pluggable storage.
609 '

Storage

(1) For special use of relay storage, see Table 3.

(2) . See Section VI also.

 (3) Dial storage no. 1 and no. 2 are used for artificial line of sequence.

TABLE 2

~ INTERPRETATION OF STORAGE CODES
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1/0 DEVICE CODES USED
NORMAL I/0 ALTERNATING STORAGE
RELAY TRANSFER | NO1/0 1/0
STORAGE TRANSFER | TRANSFER
OPERATION

1. CARD READER #§l1 150 - 154 170 - 174

2. CARD READER # 155 - 159 175 - 179

3. CARD PUNCH #1 130 - 133 180 - 183 190 - 193
140 - 143

4. CARD PUNCH #2 136 - 139 186 - 189 196 - 199

o 146 - 149

5. TAPE READERS: AS GIVEN IN SECTION VI AND TABLE 2.

6. TAPE PUNCH ¢l - 134 194
144

7. TAPE PUNCH §2 135 195
145

8. TAPE PUNCH # 115 185
125

9. PRINTER #i 120 - 123 160 - 161

10. PRINTER §2 126 - 129 166 - 169

TABLE 3

CODES FOR SPECIAL USES OF RELAY STORAGE AS I/0 BUFFER
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