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SECTION 6

PROGRAMMING

1. INTRODUCTION,

A general purpose digital computer is capable of executing the basic arith
metic operations, i.e., addition, subtraction, mujtiplication, and division,
plus performing internal data handling operations, logical operations, and in-
pul-output operations, Any problem that can be solved by numerical techniques
can be handled and solved by computer operations. The given problem must be
analyzed and resolved into a collection of smaller problems, each of which can
be solved by the application of the basic arithmetic operations. The neces-
sary operations are performed by a Computer as the resultant effect of its
control section receiving and interpreting the coded instructions with such
operations as their functions. Portions of the coded instructions represent
operands, the numbers which are involved in and necessary for the execution of
the instructions, A list of such computer instructions with the appropriate
operands is called a program, During the execution of a program, instructions
are removed from computer storage, one at a time, in the order in which they

are required, and placed in computer control which directs the executinn~ofk\“fg
each instruction, ‘

Information upon which the computer operates is numerically coded according
to binary number notation. Thus an jinstruction or an operand is represented by
a series combination of "0°s"” and "1°'s". The quantity of binary digits ("bits")
permissible is determined by the physical characteristics of the compuler: the
information to be represented is restricted to a certain number of bits accord-

ing to the medium of representation. A binary digit is represented by the
state of a bi-stable element, the quantity of these elements thus determining
the size of a binary coded "word", i.e., an operand or 36-bit instruction.
The storage systems for the 1103 provide internal storage facilities for 36-bit

words tincluding information coded in less than 36 significant bits), Infor-
mation is also represented internally in "registers" consisting of a pre-desig-
nated number of stages of bi-stable elements. A "36-bit register” is capable
of representing 36 bits of coded information; a "72-bit register” is capable of
representing 72 bits, ‘ ‘ -

The 1103 has in its repertoire 14 instructions each of which is individu-
ally coded as 36 bits, izs ... ig. The left-most six bits of an instruction.
i35 ... iy0. represent its operation code, the portion of the instruction which
"describes" to the computer control which particular operation is to be exe-
cuted. The remaining 30 bits of the instruction are grouped as isg ... i1
and i14 ..., ip and are designated as the u-address portion and the v-address
portion of the instruction, respectively, These are the portions of the in-
struction which represent the operand (by referencing their location in stor-
age, for the most part) with which the aperation is concerned. An explanation
of what the execution of each instruction accomplishes, with the location be-
ing given of any operands used during this execution and any pertinent results
derived from this execution, is designated as the function of the instruction.

ot
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2. TUE COMPUTER.

ledge of the logic of the 1103,

s

a. GENERAL DESCRIPTION. - The representation of numbers in the 1103 and -
the operations performed on them cannot be discussed without some previous know-
The overall logic of a computing system is _
synthesis of the methods, inherent to a particular computer design, which enable

the performance of prescribed operations.

logic of the 1103 by explaining briefly the different components of the computer

and their functions.

The components of the computer may be

sections according to their func

‘hese groupings with their

(1) INPUT AND OUTPUT components
between the computer and the
Lthe coded information from ex .
sertion into storage. Output components deliver the results of
computer operations to external equipment,

An sll-inelusi

ion in the overall operation of the computer,
functions are as follows: ~ ~ .

which provide a means of communication

This text will form an outline of the

grouped, in general, into five basic

operator. Imput components receive

ternal equipment and effect its in-

enable input and/or outr

ve listing of the components of the systems which .
ut operations would include external equip-

menl, external equipment control, and certain of the computer
registers with their control

circuitry.

(2) STORAGE devices in which information is set aside for immediate or

future use,

(3) ARITIMETIC section in whose registers arithmetic and logical opera-
tions are performed and operands and resultis are temporarily stiored

(4) CONIROL compon

(5) POWER system which provide

sections of th

Transmission of informa
above 1is internally routed,

ents which direct the operations of the computer.

e computer,

in most cases,

register capable of tempora

functions as s component of

seclions have in common iwo
~and the O-Register, a 36-bi

devices or registers in which arithmetic

s regulated voltaces to all other

tion between components of the first four sections

ry storage of information. The X-Register also -
he arithmetic section. The storage and arithmetic
other registers, the Accumulator, a 72-bit register,

%

through the X-Register, a 36-bit

t register. These may function as temporary siorage
operations are performed by digital

manipulation. 1In addition the O-Begister is used in some cases as an assembly

register for information be
size,

A simplified block diagram showin

ing placed in i

of the computer is presented in Figure 6-1

b. BASIC COMPONENTS. -

Cerigin of th

g the interrelationship of the components

L in segments of less than 36-bit word

»

e aforementioned sections, namely the
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~ TAPE READER EQUIPMENT
|
\
n—u—o\-’ - V
TYPEWRITER HIGH SPEED 104 108
REGISTER PUNCH REGISTER REGISTER REGISTER

]

Solid lines connecting blocks indicate the routing of binary informai;ion;f
Dashed lines carry binary information used for storage reference purposes. ‘
Information may be routed in both directions unless arrows on a line indicate

ACCUMULATOR } Q- REGISTER

X- REGISTER

- e

MAGNETIC
CORE

MAGNETIC MAGNETIC
DRUM TAPE

A
|

A

CONTROL

a one-way transfer.

Lines which carry control signals between the above blocks are not shown
on this diagram. ,

Figure 6-1. Simplified Black Diagram of the 1103 ﬁouqmtér System
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storage, arithmetic, and control sections, and the manner in which the‘samgaaents\f 
of each function during computer operation, are discussed in the following sub~
paragraphs, (The Input and Output Systems are discussed in Paragraph 4,) ‘

(1) STORAGE DEVICES, - The information which is held in storage consists
of instructions which are to be executed and the operands needed by these in-
structions for their execution. The location of each instruction or operand is
referred to as its "address”, ~ .

There are four classes of storage locations which are individually addressed:
Magnetic Drum storage, MD: Magnetic Core storage, MC; the Accumulator, A; and
the Q-Register, Q, These classes have the following addresses assigned to them:

Storage Class Octal Equivalents Storage Space:
of Addresses Number of Words

MC ; 00000-01777 1024

9 10000-17777 1 | |
A ‘ 20000-27777 1 double length
MD (Group 4) 40000-47777 4096

MD (Group 5) S50000-57777 4096

MD (Group 6) ~ 60000~ 67777 4096

MD (Group 7) 70000-77777 4096

Additional storage is provided by the Magnetic Tape Storage System, MT, in
which the information is not individually addressed,

(a) ADDRESSED STORAGE LOCATIONS, - Information is acquired from
~storage in MC, MD, A, or Q by first placing the address of the instruction or
operand desired in a section of computer control where the storage class is -
determined, Following this, the address is transmitted to the locating control
of the proper storage class where the specific storage location is found (if .
the storage class is MC or MD), after which the information at this location is
transmitted to the X-Register, Operations of this kind are referred to as .
"reading” operations, "Writing" operations, or the transfer of information to .
a storage location, are accomplished in a similar manner with the information -
in the X-Register being placed at a storage address as located by the control -
- circuitry, v -

A 1 MWAGNETIC DRUM STORAGE SYSTEM, (MD), - The Magnetic Drum .
Storage System provides medium-access binary storage, Digital information is
stored in the form of magnetized areas on the surface of a continuwously rotating
cylinder called a magnetic drum, The medium of storage is a magnetized dipole =
having either of two polarity orientations in the lateral (or peripheral)
direction, For all practical purposes, information recorded on the drum is
stored permanently. It may, however, be removed by special erase techniques
or it may be replaced by simply writing new information over it, Reading from
the drum does not alter the contents of the location read in any way,

Each individual storage location is identified by specifying its angular
and axial coordinates on the drum surface, A word is stored in 36 axially ad-
Jacent positions on the drum with 4096 such angular word locations available,

;  :Hc :é?;ﬁﬁﬁﬁﬁﬁ;E%Q%ﬂm?ﬁ%5m3§i$pwamn ;



- stoTed on magnetic tape are grouped in blocks, each black~coasistiag of 32

PRy

In use are four groups as noted previously, thus giving the Haga&tic;Drum‘S£cr*[
age System a capacity of 16,384 36-bit computer words, When a word or a por-
tion of a word is to be transmitted to or from the magnetic drum, all the bits
to be transmitted are handled simul taneously, i,e., in parallel. Information
mey be recorded or read in any given area only once during each drum revolution ;
resulting in a maximum access time of 34 milliseconds, ~ ; .
2. MAGNETIC CORE STORAGE SYSTEM (MC), ~ The Magnetic Core
Storage System provides rapid-access storage for a total 0f;1024‘36~bit1w3r§3;;
Each core is a bistable element capable of storing a "1" or 3 "o", dependent
upon the direction of magnetization of the core, The cores are arrangeé~in-af;
32 x 32 matrix with 36 such matrices., The 36 digits of a given word are re-
Presented by the state af~correspanding cores, ome in each of the;36‘ma£rises,{
Reading and writing operations of a word, or portion of g ward,‘are'pexfcrmad‘f
in a parallel mode with a simultaneous Lransmission of bits, Certain sequences
of pulses on wires through the cores, producing magnetizing forces of a certain
polarity, are used to perform the reading and writing operations, Reading from
MC does not alter the contents of the location read in any way, -

Magnetic Core storage is non-volatile, comparable to nom~volatile storage in
the Magnetic Drum Storage System, ‘ -

3. A AND Q AS STORAGE MEDIA, - The Accumulator and Q-Register -
are available as temporary storage registers since they may be referenced by
addresses, The Q-Begister is normally addressed as gctal 10000 although any ;
of the addresses 10000-17777 are permissible, Similarly, the Accumulator is .
normally addressed as 20000 with the addresses 20000-27777 being permissible,

| (b) MAGNETIC TAPE STORAGE SISTEM (MI). - The storage media of the
Magnetic Tape Storage System are four reels of magnetic tape on which iaibrmatia
is recorded in a manner similar to that described for the magnetic drum, Words

words and each reel of tape capable of storing 2048 blocks, Thus the T
Storage System May store as many as 262,144 words on its four reels of tape,
However, individual words in MT storage are not individually addressed, but
located for reading and writing operations by properly coded Programmed in-
structions, The coded portion of the instruction designating the reel of tape
and the blocks in this reel from or to which information is to he transmitted

is placed in the X-Register, From the X-Register it is transmitted to the ;
locating control circuitry of the MT Storage System, This control positions

via the Q-Register and X~Begister; a writing operation places information from
magnetic core storage on the magnetic tape, the information being transmitteg
via the X-Register and O-Register, ~ ~

. (2) ARITHMETIC SECTION, - The components of the arithmetic section
of the computer are used in performing numerical operations by digital mani-
pulations, The Operations of addition, subtraction, multiplication, and di-
Vvision are effected within the Accumulator and the Q-Register, with the X~ .
Register available to provide temporary storage for operands. These operations
are made possible and Testricted to the modulus of the respective -

‘ ‘lé'ngxxggasxs ;@‘sima;ﬁsa;m;smsm ~
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register involved by the "end-around borrow" property of the Accumulator and
the "circular shifting” property of the Accumulator and the Q-Register, both
of which have parallel stages of bi-stable elements,

The circular shifting property of a register allows a number derived by

a simultaneous left shift of each of the bits representing the number to re-
tain a modular value of the system that can be represented by the particular
register. Thus a number derived by a left shift of its expression in bits,
by...bi...by, as represented by the stages Sn...5;...55, has the modular .
value of its expression in bits bp-1...bj_1...b,, as represented by the same
stages Sn,,,siv..SD. The value of i in connection with the Q»Register is

36 >120; as restricted by the Accumulator, i has the range 72>i 2 0. The
end-around borrow property restricts a remainder, while enabling the subtrac-
_tion, to a modular value of the one's cemglement number system that can be ;
represented by the Accumulator (modulus 272-1), The subtractive process using
the Accumulator is the basis of addition, subtraction, multiplication, and
division as performed by the computer, ‘

The placement of the operands and results of arithmetic operations during
their execution is as follows: For the corresponding arithmetic operations,
the X-Register holds the addend, subtrahend, miltiplicand, and divisor; the
Q-Register holds the multiplier, quotient, and logical multiplier; the Accumu-
lator holds the sum, difference, product, and remainder,

(3) CONTROL COMPONENTS, - Each of the function groupings of the com-
puter, input and output, storage, and arithmetic, has individual control systems
which direct the operations of the section under their influence, These control
systems are in turn directed in their operations by the main computer control,
This overall influence exerted by computer control is necessary for time-wise
reasons: an established sequence of internal actions is essential for the
processing of any coded information, The computer control initiates and super-
intends these patterns of actions during their performance, -

The main control section receives the instructions which the computer is to
carry out, interprets them, and directs their execution with the operands -
specified, The computer must be manually started, but can stop automatically
or be manually stopped, (In addition to being automatically controlled by a
program of instructions, it can be manually controlled from the Supervisory
Control Panel whichcontains all the necessary controls and indicators for manu-
ally operating the equipment.) The principal components of the control section
are as follows: - ~

(a) PROGRAM ADDRESS COUNTER, - The Program Address Counter, PAK,
is a 15-stage additive counter. During computation PAK generates the conse-
cutive addresses of the programmed instructions to be executed, The address in
PAK is referred to each time an instruction word is to be obtained from the com- -
puter memory, The starting address of a computation may be manually inserted .
into PAK before the START (operation) button is pushed: if this is done, compu-
tation will begin by picking up the instruction stored at that address. If PAK
is not manually pre-set, it will automatically be set to either MD address 40000
or MC address 00000 depending on other starting selections that are made, The
operations which terminate the execution of each instruction extract from stor-
age the next instruction to be executed (the address of which is held at that

3E§ymzﬁmggﬁumvjﬂ5mam£ ; f . 6.
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time in PAK) after which the content of PAK is advanced by ome, Thus during =
the termination of the instruction at address y, the imstruction at y + 1 {(the
address held im PAK), is extracted from storage and PAK advanced to y + 2, If
the instruction at address y indicated that the normal sequence of instructions
be interrupted by a jump to an instruction not stored at a consecutive address,
this instruction's address is inserted into PAK previous to the termination
operations, ‘ .

The generation of comsecutive binary numbers in PAK is controlled by the
following conditions in its physical structure: There is no communication (no
possibility of a borrow) between the stages PAK;, and PAKg unless the stage
PAK14 contains a value of one; thus PAKjp will not be affected bg the advance
of PAK after the contents of PAKg ,,, PAK, reach the value of 210-1. The next
advance of PAK after such a value is reached results in the contents of the =
stages PAKg ,,, PAK; being changed to zeroes, If PAK,, does contain a one, the
contents of PAK may be increased until the contents o} PAKya ... PAK, reach the
value of 214-1  Then, since there is no communication between the stages PﬁK}f“:f!
and PAKy3, the next advance of PAK will result in the contents of PAKi3 ... n
being changed to zeroes with the value of one being left undisturbed in PAKj4,
These "closed loop"” systems effect the generation of successive addresses in PAK
ag follows: if an MC, Q, or A address is contained in PAK, the addresses can be
advanced to (octal) 01777, 11777, or 21777, respectively, with the next advance
of PAK resulting in its contents becoming (octal) 00000, 10000, or 20000, re-
spectively, (The generation of consecutive A addresses in PAK is very impro-
bable; if an attempt is made to take the next instructiom to be executed from
A, a fault occurs,) If any of the Magnetic Drum addresses, irregardless of .
the group, are represented in PAK, the addresses can be generated comsecutively
to 77777 with the next advance of PAK resulting in its contents becoming 40000,

(b) PROGRAM CONTROL REGISTERS, - The Program Control Registers, PCR,
receive each instruction and temporarily store it during its execution, The
registers consist of the Main Control Register, MCR, the U-Address Counter,UAK,
and the V-Address Counter, VAK, Each instruction sent to PCR consists of a ;
6-bit operation code, which is stored in MCR; a 15-bit u-address portion, which
is stored in UAK; and a 15-bit v-address portion, which is stored in VAK, Each
instruction is obtained from some 36-bit storage location as specified by the
Program Address Counter, PAK, ’ _ ~

(c) MASTER CLOCK, - All the activities which take place within

_ the computer, except for certain ones in the magnetic tape and output sectionms,
are synchronized by a central timing system, called the Master Clock, During
NORMAL computer operation, the clock generates 500 kc clock pulses based on
timing pulses from the Magnetic Drum Storage System, and, after exerting certain
controlling influences over them, supplies them to circuits throughout the com-
puter, During TEST operations, a 500 kc oscillator may be used instead of the
drum as the basic source of timing pulses, Circuits of the master clock system
control the rate at which pulses leave the clock and also control their flow
to the Main Pulse Distributor,

(d) MAIN PULSE DISTRIBUTOR, - The Main Pulse Distributor, MPD, re-
ceives clock pulses and distributes them in successive cycles of from four to
eight pulses to the Command Timing Circuits, The distributor supplies each of
the pulses cyclicly on its eight output lines, In an eight pulse cycle, all
of the output lines are used and the pulses are designated, in the order of

. gxgmmxss,?isiattuﬁsacmzs;gm‘m ;
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to 236-23 (mod 236.1) and zero to 27

their generation, MPO through MP7. The selection of g particular cycle is

made on the basis of the operation code held in the Main Control Register,‘ﬁﬂgi‘*f

Each code selects the cycle which will permit its performance in the least
possible time,

Control Tramslator, MCT, receives a 6-bit operation code from MCR and produces

accordingly a single prime operation code enable (indicatiaa to the computer
~ that a certain instruction is to be executed), In CTC, enables from MCT are
used in the selection of the sequence of commands which are needed to execute

the instruction currently in MCR, 1In MPD, the MCT enables are used ip the
selection of the main pulse cycle required for the operation,

(f) COMMAND TIMING CIRCUITS, ~ The Comnand Timing Circuits, CTC,
produce a discrete Seéquence of commands which e€xecute the specified operation,

The commands initiated are chosen (according to the operation code in MCR) , byj;=f

combining the operation enable from MCT and the pulse cycle received from MPD
which consists of two or more of the pulses MPo through MP5 and MP6 and Mp7

Thus, it initiates the comuands which execute the operation on pulses MPO tkraagh:;f

MP5; reads the Succeeding imstruction from storage into the X-Register on MP6;
then transfers the instruction from X into PCR on MPT.

¢, NUMBER OPERATIONS,

(1) REPRESENTATION OF NUMBERS, ~ The modulus of g binary number system  _;?j

to be represented by k number of stages of bi-stable elements is 2k nega-

tive number N of this system, modalus~2k, is represented according te the ome's .
ﬁ ep

complement system by 2k _|'y | . (See Appendixé for further discussion of
the representation of Negative numbers,) Thus in MC and MD storage and the X

and 0 registers a negative binary number is expressed machine-wise as 236-1-/N],
and in the Accumulator, as 272-1% [N| | With the left-most stage used to indi-

cate the sign of the number, the values possible to representation by such
registers lie in the Tange with the limitg of, Tespectively,

2234 « inclusive
and

22" inclusive

If the absolute value of a number is equal to or less than 2341 (or 270-1),
all of the stages to the left of the "most significant” bit of the number con~
tain the sign~bit of the number and indicate whether the number is positive or
negative, Thus, the sign-bits ("1's™ of g negative number are contained in

211 of the stages to the left of the left-most zero of the number,

Since the basic arithmetic bperatien of the 1103 is subtraction, a zero ;
generated during any arithmetic process will be represented by the simultaneous

Zero state of each Stage, Thus the modulus of the one's cowgfement binary number ,?ﬁf

system which can be répresented by a 36-stage register is 23 1, and as re-
Presented by the 72-stage Accumulator, 2121, It should be noted that the
machine expressions of these mmbers with positive or negative values represent
to the computer numbers of 3 binary sgstem with expressions in the range zero

: , ~2 (mod 272-1)  Also the machine treat-
ment of binary numbers assumes that the binary point is located to the right
of the right-most bit of a number, thus treating each mumber as an integer,

W 6-8
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In summary, the value of an integer I which may be represented by its
binary equivalent (in a one's complement system) in a 36-stage register lies
in the range ,

1.2352 1< 235~1;

and in the 72-stage Accumulator, the range is

1-27ls 1071 4

Arithmetic operations machine-wise treat numbers (with values in the above
ranges) as integers; however, this does not mean that numerical operations are
restricted to integers only or to integers in these ranges. A binary number
s may be expressed as s = 51272, 1If 51 and so may be expressed as integers
with values in the range appropriate for their placement in the computer, s}
and sp may represent in the computer the number s. Numerical operations in-
volving s and t (t = 112tz ) are performed machine-wise by the proper arith-
metical procedures involving s} and tj,and so and t2. Fractions may be repre-
sented machine-wise by integral values of s] and so 8o being negative., (See
Appendix6A for representation of fractions in the binary number system.)

If s is scaled to its maximum representation by 36 bits such tha
235> 51| 2 234, the number s is said to be normalized, Operations involving
floating binary point numbers deal with normalized representations of numbers. -
Floating binary point operations are coded such that a resultant number will he

_expressed as a floating binary point number. .

“hen an instruction necessitates the transmittal to the Accumulator of a .

36-bit integer, the conditions are established during the operation that change
_the modulus of the integer from 2306-1 to 2721 This is effected by assuming
the existence of 36 bits to the left of the sign-bit. This "72-bit" integer
is then transmitted to the Accumulator with the final modular contents of A
reflecting the value of the "72-pit" integer according to the nature of the
ironsmilting operation. If it is desired that the mod 236-1 value of the
36-bit integer be retained, the operation assumes that each of the simulated

36 left-hand bits has the value of the sign bit. Such an extension of a 36—
bit number is designated as a double length extension, D(L), L being the loca-
tion address of the 36-bit number and (L) being the contents of that address. .
1f it is desired that the value of the machine expression of the 36-bit integer
be left undisturbed by the transmitting operation, the value of the sign-bit
of (L) is disregarded, and the assumption is made that 36 zeroes exist Lo the
left of the sign-bit of the number. This "72-bit" number is designated as
S(L), a split double-length extension. ‘

When one of the above transmissions to the Accumulator is required, the 26-
bit integer is first placed in the X-register (by the operations of whichever
instruction is being executed) since the only means of information transfer Lo
or from A is via X. Then, according to the instruction being executed, a mach-
ine sequence is performed which accomplishes one of the following: adds DGO
to (A), subtracts D(X) from (A), adds S(X) to (A), or subtracts S(X) from (A).

, (2) ARITHMETIC OPERATIONS. - The four sequences which are mentioned
- above are the foundation for almost all the arithmetic operations which the

Bg%ywmﬁggwaﬁﬁ
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computer performs, (Exceptions are the use of the shifting facilities of Q and

A to effect multiplication by powers of two and the use of control signals to
complement the contents of X and to effect a subtraction of the value of one

from the contents of the Accumulator without a transmission fromX.) Ina
similar manner, these four arithmetic sequences have a common basic foundation:

the fundamental arithmetic property of the computer, namelv, the subiractive

nature of the Accumulator, Thus a subtraction is reflected in the final modu~ .
lar contents of the Accumulator as the initial contents of the Accumulator minus
a double-length extension of the contents of X, i e, i .

or
We= Wy - SO

The operations of the addition sequence vesult in the final modular contents of  ;ff
the Accumulator reflecting the initial contents of A minus the complement of a
double~length extension of the contents of X, i.e,, ~

(A)f = (A}i

M= W)y - 500

- D!
or

As an example, using a four-bit X-Register and an eight-bit Accumulator, the ;
addition of the following two numbers, (A)i and (X), 1is resolved by the addition
sequence accordingly: ‘ ~ ‘

(A); = 0001 0110  (=22)

(x) =1lop (=37
0001 6llo (A).
minus 0000 0011 wminus B(i}’
G001 0011 {A}f (=19

- Any references in this text to the addition of a number to the Accumulator
should thus be interpreted as, machine-wise, the process of subtracting the
complement of the number from the Accumulator, It should be noted that this
basic process of subtraction eliminales, as the result of an arithmetic opera-
tion, the occurrence of a one in each stage of the Accumulator as a representa-
tion of zero,

Actually, the machine sequence which performs subtraction uses the procedure
of the addition sequence by first complementing the desired value content of
Xi, and then performing the addition sequence so that the difference resulting
is reflected in the Accumulator as

(M= A);-D Xi* °
or . o -
= = T
) f {A)i VS(X}i
As an example, the split subtraction of the following two numbers, (A); and (O,

is performed by a machine sequence which subtracts S(X) from A according to the
following procedure:

, ve. & vanenal 610
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(A}i = 0000 0110 (=6}
L

(X) = 1100 (=-3)

S{X)i = 0000 1100 (=12)

S(X) . *= 1111 0011

S(X) ; ‘'= 0000 1100

0000 0110
minus 0060 1100

1111 11910
borrow 1

1111 1001 (=-6)

The process of subtraction necessitates an abi}ity‘tﬂ borrow from a left. -
hand digit or digits; machine-wise this is made possible by the paraliel con.
struction of the stages of the Accumulator, When the value of the machine
expression of the subtrahend exceeds the value of the machine expression of

the minuend, the subtraction is made possible by the facility of the Accum-
ulator to make an end-around borrow, i.e.. a borrow propagated past the stage
Awl is applied to tp stage A,. The remainder of such a subtraction will thus
always have the correct modular value., (See Appendix 6A for fnrther‘discassian‘
of end-around borrow.)

Multiplication is performed machine-wise by using the shifting facilities .
of the Accumulator and the O-Register and the Operations which add and suhirae;k*‘
D(X) into (A), The execution of an instruction which orders a machine multi-
plication places the multiplier in the Q-Register, 0, the multiplicand in the
X-RBegister, X and forms the product in the Accumulator A, The product is
formed by adding the multiplicand, or D(X) machine-wise, the appropriate
number of times, as determined by the bits of the multiplier, (G}, into the -
properly positioned Accumulator, The procedure, known as the Multiply Sequence,
is as follows: : ‘

Hepeat 36 times:
L. Shift (A) left one place.

2. Determine the value of the successive digits (Qa- see Qn)
beginning with (Q)gs. If (0); = 1, add D(X) to A}

Thus the multiplication of a number in X by a number in 0 results in 2 sum
in the Accumulator of the products of the multiplicand and the coefficients
(times their corresponding power of two, 235 20) of the digits of the multi-
plier, The following éxample, using four-bit Q and X registers and an eight-
. bit Accumulator illustrates this procedure, 1In this examplie the machine process
) which shift the sums of the products and facilitates machine-wise the multiplica-

. tion process is not shown; also the sums are not formed (by complementing and
Subtracting) as they would bpe machine-wise,

Lep g,
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(X) = ool
(0) = 01Ul

ERA 1103

multiplicand of 3

multiplier of 5

A7 Ao As Ag A3 A Ay 4 stages of A

U 0 0 0 0 6 0 0 initial contents of A
O 00 0 o0 D 0 Y DX) - (04 - 29

0 0 00 1 10 dDelus DIV . () . 2
0 0 0o ¢ 1 1 0 0

0.0 0 0 0.0 0 on Bex) -+ (01 - 2%

06 00 0 0 0 1 1oplus DEX) - (9y) -« 2V

c 0 ¢ o 1 1 3 1 final contents of A

{product = 15)

1f the multiplier has a negative value representation, the contents of the
OD-Pegister is represented as 200 -1-1(0}] and the product formed in A by the
ahove procedure is - ]
‘ . S S . L9 ;
{X) ~§g~@~4~iigﬂgnr - Ll 0+ (0 - 938 ()
Since the desired value i3 - Q)] - (X}, two corrections must be made to

eliminate the remaining terms above
subtracting DIX) from (A} previous
rorres

s5ien

L

with &

an example of multiplication
tion is uiven below:

Onli

= 1010

*

. The correction ={(X) - U0 is appli
to step 1 of the Multiply Seauence,

The

lon + (X)) is made by adding D(X) to {(A) after the 36th performance of

multiplier with » negative value represeatss

muiiépiiggﬂﬁ of o
multiplier of -5
A

stages of &

0 06 0 6 0 6 4 0 initial contents of A
0 6 1 1 0 0 0 0minus DX .

1 10 0 1 1 1 1

0 6 01 1 0 0 Oplus DI -« (0) - 2

1 1 1o o1 11 | .
0 006 0 0 0 0 DEX) - Q) - o-

0 0 60 01 1 0plus DU . (o) .« ol

1 11 0 11 p 74 : .

O 0.0 6 0 0 0 0 DX c (o - Y

0. 0 0 0 0 o 1 ioplus DX

i 11 1 605 0 0 Tinsl contents of A

{product = -15
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1f the instruction being executed is such that the product of (Q) and (O
is o be added to a nunber already in the Accumulator, the content 57 A is
shilted 36 nlaces io the left preceding any of the multiply operations, Thi
Dositions the most significant digits of (4) in Ap in readiness for the addi
tions of the multiplicand to A and the shifting operations. Prior tothe
actual multiplication operations of the ﬁultiplg Sequence, the initial content
of A is tested for the condition 27l > [)3]2270, 17 tpis is evidenced by
(M5 # (Mg, an A Fanlt is indicated on the Supervisory Control Papel and
machine operations are Stopped. This condition indicates the possibility of
an ‘overflow' during the Multiply Secuence: i.e., the modular sums resuplting
from the additions of D(X) to (A) may reach the positive or negative value
capaeity of A, 271 _ 1 40 5 271, %?d as the result of continuing additions,
become o number, 521 - o7l ., S 28 _ 1, thus destroying the cumulative
efflect desired,

The machine process of division as ordered by the Divide instruction employs

the fcecumulator, the X-RBegister, and the Q-Register in such s manner that

B @ oo - ol

The 72-bit dividend is initially contained in the Accumulator, the divisor is
pluced in the A-Register, and the quotient is formed in the O-Reg . ster with e ;
remainder of the division left in A The division process utilizes the shifting
facilities of 0 and A and the operations which add and subtiract DX) into A

In general, the process of division, the Divide Sequence, consists of a pro-

cedure, repeated 36 times, of inserting a zero or one in the proper stage of

and udding or sublracting DOX) into A, the operation being determined by o
relationship hetween anpropriate digits of the dividend and the divisor.

The basic process of the Divide Sequence is as follows: Decrease a positive
dividend by the product of the divisor and descending powers of two, beginning -
with 230, until a negative pumber results; increase this remainder by tpe producy
of the divisor and successive descending powers of two until g3 positive number
results; decrease this num er, etc, Continue this procedure unti] the product .
of the divisor and 20 hias been added or subtracted, yvielding the final remainder
Note that the product mentioned ahbove may in itself be positive or negative des.
pending on the Sign of the divisor. Each time a product is subtracted, a one
1s inserted in the rightmost stage of the U-Register and subsequently shifted
left once; and each time a product is added, the contents of § as it stands are
shifted left once, After the final shifting of those bits as dnserted in Q. ‘
the register will contain a correct value of the quotient although a negatijve
final remainder as derived above may necessitate an increase or decrease in
the value of the quotient, If the final remainder of the ahbove procedure is
negative, the remainder is increased by the absolute value of the divisor and
the quotient adjusted accordingly hy increasing or decreasing its value by one.

The examples below illustrate the basic principle of the Divide Sequence
using four- and eighzmhii~regiﬁters¥ disregarding the machine processes of
shifting the bits in the Accumulator and the O~Register which facilitate the
inisian machinewise. Also, the additions and subtractions shown are not per-
formed by complementing and subtracting) as they would be according to their
respective machine sequences,

¢
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Example 1

Dividend is 0000 1110, (A} (=14)

Divisor is 0100, (X) (= 4)

0000 1110 | Dividend = +14

010 0000 minus D(X) - 23 - 32

1110 1101 ; -18

0001 0000 plus D(X) . 22 + 16

1111 1101 ‘ -~ 2

0000 1000 plus D(X) - 2! + 8

0000 0110 + 6

0000 0100 minus D(X) - 20 - 4

0000 0010 ‘ Remainder = + 7
In this example the quotient is derived gs fgiiows: the divisor is such that
it may be subtracted from the dividend 22 -22 .21 490 times, or in binary

1000
-0100
-0010
0001
0011 (=}

which is the contents of the Q-Register after the final shifting of the bits
inserted into it. Thus the final results of this division are

Quotient is 0011, W) (=3
Remainder is 0000 0010, (A)¢ (=2)

Lxample 2
Dividend is 0000 1110, (A); (=14

Divisor is 1100, (X) (=-3)

0000 1110 Dividend = +14

1110 0111 plus D(X) » 23 H(-24)
1111 ol01 . -10

1111 o011 minus D(X) - 2¢ -(-12)
0000 0010 + 2

1111 1001 plus D{X) « 2! +(- 6)
1111 1011 ; -4

1111 1100 minus D(X) » 20 (- 3)
1111 1110 Remainder = e

In this example the quotient is derived as fﬂilﬂw% 1e divisor is %ucb that
it may be subtracted from the dividend -2 +20 times, cr in Dinary

b e wlonindeme 6-14
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~1600
+0100
~0010
00D |
010 (=-5)

|
|

which is the contents of the O-Register after the final shifting of the bits

inserted into it. Thus the results of the division process thus far are

Quotient is 1010, (o) (=-5}
Remainder is 1111 1110, (A) (=1

but since the remainder resulting from this division is negative, the value of
the divisor is subtracted from it and the quotient is subsequently increased
by a value of one, Thus the fina] results of the division process are a

Quotient of 1011, () (=-4)
Remainder of 0000 001 s (A)p (=42

If the dividend ig negative, the procedure for dividing is essentially the
same with the dividend being first increased 1o & positive number, then de-~
creased, etc,

During the division sequence (but before the quotient is adjusted for a
negative remainder, if such is the case) machine divide checks are made which
determine if the value of the %aatient should be an integer which would exceesd
the capacity, 235 _ 15151 - 235 ,¢ the O-Register, If sueh is the case, an -
A Fault is indicated on the Supervisory Control Panel and the machine operatipns
are stopped,

Since these divide checks are made before any final adjustments to a
(negative) remainder angd quotient, the division process as illustrated pre-
viously, but with a negative dividend, could re 1t in an inaccurate value for
the quotient if a negative remainder was left during a division in which the
quotient was 299 _] . 1299, To take care of such cases so that the division
will be stopped by a divide check, an initial correction and an end correction
is made during all divisions With negative dividends, These are illustrated hv .
the following example in which the division without the initial correction (which
decreases the dividend by the value of the divisor) would result in an inaccurate
quotient, The division in the example below would not be carried to completion
but would be stopped by the occurrence of the divide check A-Fault as is chown.

Example 3 -
Dividend is 1110 1001, (A); (=-29) .
Divisor is 1100, (X3 (=~ 3) -
1110 1001 Dividend | .22 .
1111 1100 plus D(X), initial correction + (- 3
1110 0110 -25
1110 0111 minus D(X) . 23 -(-24)
1111 1110 . -1
1111 0011 minus D(X) - 22 -(-12)
0600 1011 +11

6~-15
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In this division the Process would be stopped, after the subtraction of
DCX) « 22 from the previous remainder, since the quotient derived thu§ far
would indicate that the divisor can be subtracted from the dividend 2+ 2F 4

(+ 21 + 20y times, the value of which in all cases exceeds the value possible
to the quotient.

If this division were perfarmed’by the divide sequence without making the
initial correction above, it would Proceed as follows:

1116 1001 Dividend ~22
1110 0111 minus D(X).23 -§-24)
0000 0010 + 2
1111 0011 plus D(X).22 +(-12)
111 0101 -10
1111 1001 minus D(X)- 2! (- 6)
1111 1011 | _ -4
4111 1100 minus D(X). 20 ~(~ 3)
1111 1110 )

L Lo Lo 5 o0
Thus the division indicates that the divisor can he subtracted +23 -2 *23 +0

(=7) times from the dividend leaving a remainder of ~1. The correction to the
quotient for thisg negative remainder would be

0111 Quotient, () (=7)
plus 1
1000 Incorrect value of quotient (=-7)

Thus the final contents of the Q-Register would be the number above with no
indication of the overflow of the modular value allowable to the quotient,
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3. REPERTOIRE OF INSTRUCTIONS

8. - The logic of the 1103 system is specified as & two-address logic,
This means that two references are provided for the execution of an operation,
and an instruction to perform this operation is coded accordingly, The refer-
ences may be the addresses of operands or other instructions in storage, or
they may have a special designation as noted in s subsequent sub-paragraph,

An instruction word in the 1103 consists of 36 bits, igs.,.1p, with the
following composition:

Operation code, 0.C, i35...135, six bits
First execution address, u 129.,,i15, 15 bits
Second execution address, v i14...15, 15 bits

A programmed instruction is coded using octal notation; thus it is repre-
sented by octal digits as follows:

0,C, (135,,,i33) two octal digits
u (129..,115} five octal digits representing the bits Uy4- Y
v Uiy five octal digits representing the bits Vid-o oV,

According to the function of the instruction, the portions u and v of the word,
represented in octal notation, may be designated as follows: ' A

J one-digit octal number as represented by the left-most bits of u,
U14- 113, 419

n four-digit octal number as represented by the bits Uygetg0geees HO,‘ik

k number of shifts as represented by the right-most bits of v,
vé!VS!ztcs v{}
The functions of the instructions in which J, n, and k occur in place of a
storage address will explain their purpose,

Following are other symbols used in the explanation of the functions of
the instructions: .

(1) Parentheses are used to denote "content(s) of"”, thus:
(u)
Q)

36-bit word at address u

il

il

36-bit word in Q
(A) = 72-bit word in A

(Ap) = 36-bit word in Ag

(A) = 36-bit word in Aj

erairgtovn Bl ; ; ‘ ; 6-17
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(2) Lower case letters:
:

4p is the bit represented by the stage Qp» 352020

ay is the bit Tepresented by the stage Age 7T12n=0

(3) A prime denotes a complement, such as (Q)' is the complement of
the 36~bit word in Q. '

(4) Double length extensions:

D(w) is a 72-bit word whose right-hand 36 bits are (w) and
whose left-hand 36 bits are all alike and equal to the left-most bit of (w,

S(uw is a 72-bit word whose right-hand 36 bits are (w) and
whose left-hand 36 bits are all zeros,

D(Q), D(X), S(Q) and SX) are similarly defined.

L@Q) (w is a 72-bit word whose left-hand 36 bits are Zeros
and each of whose right-hand 36 bits is given by the bit-by-bit product of the
corresponding bits of (u) and Q). ' ;

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

b. The listing of the 1103 repertoire of instructions which follows has
the instructions grouped according to a basic similarity in their functions,

(1) SEQUENCED INSTRUCTIONS ,

7luv: MULTIPLY (MPuv): Form in A the 72-bit product of (w) and
(v), leaving in ¢ the multiplier (w),

72uv: MULTIPLY ADD (MAuv): Add the (A) the T2-bit product of (w)
and (v}, leaving in Q the multiplier (u),

73uv: DIVIDE (DVuv): Divide the 72-bit number in A by (W),
putting the quotient in Q, and leaving in A a non-negative remainder R, Then
replace (v) by (Q). The quotient and remainder are defined by:
@A; =@ . (@ + R, where 0<R< |(w)], (A); denotes the initial contents of A,

74uv: SCALE FACTOR (SFuy): Replace (A) with D(w) (unless u is A), .

Then left circular shift (a) by 36 places and continue shifting until agy # ags,
Replace the right-hand 15 bits of (v) with the number of left circular shifts,
k, which would be necessary to return (A) to its original position,

75jnw: REPEAT (RPjmw): This instruction calls for the next in-
struction, which will be called NIuv, to be executed n times, its "u" and "y"
addresses being modified or not according to the value of J. Normally n execu-
tions are made and the Program is continued by the execution of the instruction
stored at a fixed address F1. 00000 or 4000d. The procedure is:

Hemington Fand | ; 4in
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1. Replace the right-hand 15 bits of (FI) with the address w.

2. Execute Nluv, the next ins ruction in the program n times.

3. If j =0, do not change u and v,

If § =1, addoneto v after each execution.

If j

tl

2, add one to u after each execution,

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

4. On completing n executions, take (Fy) as the next instruction.

J. If the repeated instruction is @ jump or stop instruction, the cccur-
rence of a jump or stop terminates the repetition. 1In addition, if
NIuv is a Threshold Jump or an Equality Jump, and the jump to address
v occurs, (Q) is replaced by the quantity j, n~r where r is the
number of executions that have taken place,

(2) TRANSMISSIVE INSTRUCTIONS.
1luv: TRANSMIT POSITIVE (TPuyv): Replace (v) with (u).

~ 12uv: TRANSMIT MAGNITUDE (TMuv): Replace (v) with the absolute
magnitude of (u),

13uv: TRANSMIT NEGATIVE (TNuv): Replace (v) with the comple-
ment of (u),

1ouv: TRANSMIT U-ADDRESS (TUuv): Replace the 15 bits of (v)
designated by {vog. ., .¥15) with the corresponding bits of (u), leaving the
Temaining 21 bits of (v) undisturbed.

l6uv: TRANSMIT V-ADDRESS (TVuv): Replace the right-hand 15 bits
of (v) designated by (v 4 - -Vp) with the corresponding bits of (u), leaving
the remaining 21 bits 0% (v) undisturbed,

35uv: ADD AND TRANSMIT (ATuv): Add D(u) to (A), Then replace
{v) with (AR)' 7

36uv: SUBTRACT AND TRANSMIT (STuv): Subtract D{u) from (A),
Then replace (v) with (Ap).

PX 71871

(3) 0Q-CONTROLLED INSTRUC?IONS.

Sluv: 0Q-CONTROLLED TRANSMIT (QTuv): Form in A the number
L(Q) (u). Then replace (v) with (AR}.

52uy: Q-CONTROLLED ADD (QAuv): Add to (A) the number L(Q) (u).
Then replace (v) with (AB).‘

bt slmirkhen 6-19
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S3uv: 0Q-CONTROLLED SUBSTITUTE (QSuv): Form in A the quantity .
L(Q) (u) plus L(Q)’ (v). Then replace (v) with (A,). This effects the replace-
ment of selected bits of (v) with the corresponding bits of (u) in those places
corresponding to one's in Q. -

(4) REPLACE INSTRUCTIONS.

2luy: REFLACE ADD (RAuv): Form in A the sum of D(u) and D(v).
Then replace (u) with (Ag).

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

27uv: CONTROLLED COMPLEMENT (CCuv): Replace (Ap) with (u)
leaving (A; ) undisturbed, Then complement those bits of (Ap) that correspond
to ones in (v). Then replace (u) with (Ag).

Sduk: LEFT SHIFT IN A (LAuk). Replace (A) with D(u). Then left
circular shift (A) by k places and replace (u) with (Ap). If u is the address

of the Accumulator, the first step is omitted, so that the initial contents of
A are shifted,; ‘

O5uk: LEFT SHIFT IN § (LQuk): Replace (Q) with (u). Then left
circular shift (Q) by k places and replace (u) with (0Q),

(5) SPLIT INSTRUCTIONS.

3luk: SPLIT POSITIVE ENTRY (SPuk): Form S(u) in A. Then left

- circular shift (A) by k places, k being ve. . v, and vy,. . - V7 being zero.

32uk: SPLIT ADD (SAuk): Add S(u) to (A). Then left circular
shift (A) by k places, k being v,. . .vy and Y14- . -Vy being zero. ,

: 33uk: SPLIT NEGATIVE ENTRY (SNuk): Form in A the compiemént of“
S(u). Then left circular shift (4) by k places, k being Vg - .V, and
Vigr - Vo being zero,

dduk: SPLIT SUBTRACT (SSuk): Subtract S(u) from (A). Then left

circular shift (A) by k places, k being vg. . Vg and vy, . - V- being zero,
(6) TWO-WAY CONDITIONAL JUMP INSTRUCTIONS.

d4uv: Q~-JUMP (QJuv): If q35 1s one take (u) as NI; if Qg5 1s zera,‘?7
take (v) as NI. Then, in either case, left circular shift (Q) by one place. -

46uv: SIGN JUMP (SJuv): 1If a7y is one, take (u) as NI; if asy
is zero, take (v) as NI '

47uv: ZERO JUMP (ZJuv): If (A) is not zero, take (u) as NI; if
(A) is zero, take (v) as NI,

e

e
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FROGRAMMING ERA 1103 SECTION 6

(7) ONE-WAY CONDITIONAL JUMP INSTRQCTIONS.,

Aluv: INDEX JUMP (IJuv): Form in A the difference D(u) minus
one. Then if a7y is one, continue the present Seéquence of instructions: if an
is zero, replace (u) with (AR) and take (v) as NI, .

42uv: THRESHOLD JUMp (TJduv): If D(u) is greater than (A), take
(v) as NI; ir not, continue the present Sequence. In either case, leave (A) in
its initial state,

43uv: EQUALITY JUMP (EJuv): 1If D(u) equals (A), take (v) as NI:
if not, continue the present sequence. 1In either case leave (A) in its initial
state,

(8) ONE-waY UNCONDITIONAL Jump INSTRUCTIONS,

14--: INTERPRET (IP-~): Let Y Tepresent the address from which
Cl was obtained, Replace the right-hand 15 bits of (Fl} with the quantity Y
plus 1. Then take (F5) as NI,

3Tuv: RETURN JUMP (RJuy): Let y represent the address from which

CI was obtained. Replace the right-hand 15 bits of (u) with the quantity y
plus 1. Then take (v) as NI.

45jv: MANUALLY SELECTIVE JUup (MJjv): If the number j is 0, take
(v) as NI, 1f J is 1, 2 or 3, ang the correspondingly numbered MJ selecting
switch is set to "jump", take (v) as NI; if this switch is not set to "jump",
continue the present sequence,

(9) MAGNETIC TAPE STORAGE INSTRUCTIONS,

64jv: READ MAGNETIC TAPE (RMjnv): Read n blocks from MT unit J
(running forward) to 32n consecutive addresses in MC starting with v,

65jnyv: WRITE MAGNETIC TAPE (WMjnv): From 32n consecutive addressesf
in M, Starting with vy, write n blocks on MT unit j (running forward ), -

66jn-: ADVANCE MAGNETIC TAPE (AMjn-): BMove the magnetic tape of
MT unit j in the forward direction by n blocks.

67jn-: BACK MAGNETIC TAPE (BMjn-): Move the magnetic tape of MT

- unit j in the backward direction by n blocks.

(10) sror INSTRUCTIONS.

56jv: MANUALLY SELECTIVE STOP (MSjv): 1If J is O, stop computer
operation, providing suitable indication, 1If Jis 1, 2, or 3 and the corre-
Spondingly numbered NS selecting switch is set to "stop", stop computer opera-
tion, providing suitable indication. Whether OT not a stop occurs, (v) is NI1.

S7=-: FINAL STOP (FS~-): Stop Computer operation, providing
Suitable indication,

Note: For the "suitaple indication” provided in instructions MSjv and FS--,

see subparagraph d. (1), paragraph 5.

M V (P ‘ | 691
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PROGRAMMING ‘ ERA 1103 ‘ . SECTION 6

(11) EXTERNAL EQUIPMENT INSTRUCTIONS,

17-v: EXTERNAL FUNCTIONS (EF-v): As indicated by (v) select a
unit of external equipment and cause it to perform the designated function,

61-v: PRINT (PR-v): Replace (TWR) with the right-hand six bits
of (v), Cause the typewriter to perform the operation specified by the 6-bit
code,

63jv: PINCH (PUjv): Replace (HPR) with the right-hand six bits
of (v). Cause the punch to respond to (HPR), If j = 0, omit seventh level
hole; if j = 1, include seventh level hole.

76jv: EXTERNAL READ (ERjv): If j =0, replace (v) with (IOA) in
V7 ... Vg and zeroes in V35 «+. Vgi if j = 1, replace (v) with (I0B),

, 77jv: EXTERNAL WRITE (EWjv): If J = 0, replace (IOA) with the
right-hand eight bits of (v), if j = 1, replace (IOB) with (v). Cause the pre-
viously selected unit to respond to the information in IOA or 10B,

¢c. In the following pages the instructions are presented with their re-
presentative octal operation codes in numerical order, The purpose of this
presentation is to give the programmer a simplified representation of the de-
tailed operations which the 1103 performs during, and necessary to, the exe-
cution of each instruction. The events listed under each instruction occur as
a result of the control section receiving and sensing the operation code of
the instruction, These events do not necessarily designate a machine operation
but represent the actions taken by the machine in executing an instruction,
The order in which these events are listed is in accordance, for the most part,
with the time-wise Sequence of machine operations which they represent, 1In
some instructions the desire for a simplified Presentation overruled the desire

of the instruction, The deviations from machine operation sequences in any of
the presentations do not cause a misrepresentation of the actual operations of
the machine,

The columns in which the events are listed differentiate them in accordance
with their primary function in the éxecution of the instruction. An event
listed in the Procurement of Operands column brings an operand out of storage
(MC, MD, Q or A) into the X-Register in Preparation for some operation upon
it or placement in another register, An event listed in the Operations column
may describe arithmetic and/or logical machine operations or may be the clear-
ance of a register in preparation for such operations, An event listed in the
third column, Storage of Results, indicates the final placement of a result of
actions described in the first and/or second columns, .

The symbols and abbreviations used in the presentation of the instructions

have been listed previously except for those listed below. The definitions of

Clear A Replace the contents of each stage of the Accumulator with a zero,

Fhcrseirnagtors Fhovrect 6-22
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PROGRAMMING

Clear X

Complement PAK
Complement X

u
v}"‘" PAK
Fl"’> PAK

jn—> PAK
(X14. . .X5)>PAK

PAK— X
w—=>X
k—=X
(I0A)— X
(I0B)—= X
(PAK) —X

(u) »x

(v)—=X

(X)—=>10A
(X)-——»IOB
{X)—=>PCR

(X)—u

Bt . skovove ||

Replace the contents of each stage of the X-Register with a
zero,

RBeplace the contents of each stage of PAK with its complement.,

Replace the contents of each stage of X with its complement,

Replace the contents of the 15 stages of the Program Address

Counter with the MC or M storage address as designated by
uoryv,

A special case of the above with the MC a
being octal 00000, (or MD address 40001).
Replace the contents of the 15 stages of PAK with the bits
designated as jn.

Replace the contents of the 15 stages of PAK with the contents

of the right-most stages of the X-Register,

Replace the contents of the 15 right-most stages of the X-
Begister, (Xj4...Xg), with the address held in PAK.
Replace the contents of the 15 right-most stages of the X-
Register, (Xj4...Xy), with the address designated as w.
Replace the contents of the right-most stages of the X-
Register with the shift count k.

Beplace the contents of the eight right-most stages of X
with (I04),

Replace the contents of the 36 stages of X with (1I0B).
Replace the contents .of the 36 stages of X with the contents
of the address held in PAK,

1f u is an MC or MD address, replace the contents of the X-
Register with the contents of the MC or MD location specified
by u.

If u is an address of the Q-Register, replace the contents

of the X-Register with the contents of the Q-Register,

If u is an address of the Accumulator, replace the contents
of the X-Register with the contents of Ap unless otherwise
noted,
If v is the address of an MC or M location or Q or A, re-

blacement operations occur as above with v being the trans-
mitting register,

Replace the contents of the eight stages of I0A with the
contents of the right-most eight stages of the X-Register,
Replace the contents of the 36 stages of IOB with the con-
tents of the X-Register.

Replace the contents of the 36 stages of PCR with the con-
tents of the X-Register.

If u is an MC or D address, replace the contents of the MC
or MD location specified by u with the contents of the X-
Register.

If u is an address of the Q-Register, replace the contents
of Q with the contents of the X~Register.

If u is an address of the Accumulator, replacement operations

Frorningtorn Found | 6.7
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PROGRAMING ERA 1103 . geone

do not occur except in instructions 11, 12, 13, 55, 73, and 76. -
In these instructiuns, the replacement is performed by Clear A

and Add D(X) to A, A replacement operation (X)—> A occurring

in the instructions not listed above would effect undesirable
alterations in the contents of A,

X)—= vy If v is the address of an MC or MD location or Q or A, re-
blacement operations occur as above with v being the re-
ceiving register,

u

(Xng.i.an)’{; If the receiving register has an MC or MD address, replace
with the contents of the stages an.,,an only the contents
of the Corresponding stages of the receiving register,
leaving the remaining stages undisturbed. A partial replace-
ment of Q or A is not permissible, ‘

{X14...X0)—9~F1 A special case of the above with the Stages of X being speci-
fied as being the right-most 15 and the MC address specified
as being 00000 (or Mp address 40001), '

The contents of the tr&nsmitting register are not disturbed in any of the above
replacement operations.

Ferningtorn Fovnd 6-24
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PROCRAMGONE miltls: SECTION 6

Instruction Reference Eventis

The events listed below conclude the execution of all program instructions,
excepl the Repeat instruction, when they are not immediately preceded by the
Repeat instruction. Also, a number of instructions which are preceded by the
Repeat instruction are te minated by these events. (See Exceptions, p. 6~72) .
It is to be understood that these events follow in sequential order the events
listed for each appropriate instruction. As a result, the execution of the -
current instruction is terminated, and the computer ig prepared for the execution
of the next instruction whose address is acquired from PAK, the Program Address
Counter. This address is determined according to the function of the current
instruction if this function indicates that the normal sequence of instructions
be interrupted. The contents of the location whose address is held in PAK is
placed in PCR, the Program Control Register, where it is interpreted as the
next instruction to be executed. ‘

PROCUREMENT 3 . ‘ STORAGE
OF OPERANDS OPERATIONS OF RESULTS
. |
(PAK) — X g -
| -
Advance PAK by one 1;;~
(X) — PCR |
; i
. k’-*
=
L pmad.

e
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PROCRAMMING . ERA 1103 SECTION 6

OPERATION CODE: 11

INSTRUCTION: Transmit Positive, TPuv

FUNCTION:  Replace (v) with (u)

PROCUREMENT ‘ B R STORAGE
OF OPERANDS UPLRATIONS OF RESULTS

{(u) > x
(X)—vy
If v is 4,
Clear A

Add D(X) to (a)

e
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PROGRAMM NG w s SECTION &

UPERATION CODE- i2
INSTRUCTION: Transmit Absslute Magnitude, THuv

FUNCTION: Replace (v) with the absclute magnitude of ()

PROCUREMENT OPERATIONS | STORAGE i
OF OPERANDS ‘ : ' UF RESULTS

(w) = X
Complement (X) ir negative

) — v
1f v is A,
Clear A -
Add DGO to ()

P

e
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 PROGRAMMING

INSTRUCTION: Transmit Negative, TNuv

EUNCTION:

Replace (v) with the complement of (u)

SECTION 6

OPERATION CODE: 13

PROCUREMENT
OF OPERANDS

OPERATIONS

STURAGE
OF RESULTS

(u)— ¥

Complement (X)

(X) = v
If v is 3,
Clear A

Add D(X) to m}J

£ HEINEERING ,%55&%2& %sszsmfs oo



PROGRAMMING .  SECTION 6

OPERATION CODE: 14

INSTRUCTION: Interpret, 1P

FUNCTION. Let Y represent the address from which CI was obtained, Replace
: - the right-hand 15 bits of (F1) with the quantity y + ] Then
take (FQ) as the next instmcticn.

PROCUREMENT L STORAGE
i
OF OPERANDS R OF RESULTS

Clear ¥
PAK (i.e., ¥ + D—=x

)

Set PAK to F,

nae
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PROGBAMMING

ERA 1103

INSTRUCTION: Transmit U-Address, TUuy

FUNCTION: Replace the 15 bits of (v) d

corresponding bits of (u), leaving the

undisturbed.

esignated b

SECTION 6

OPERATION CODE:

15

yvog |, | | vi5) with the
remaining 21 bits of (v)

PROCUREMENT
OF OPERANDS

OPERATIONS

STORAGE
OF RESULTS

(u) =X

Y =0 o0or A

not permissibl

v

b

A

Enemeenins

A

sum/ﬁmmas Swision
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 PROGRAMMING . -

OPERATION CODE: 16

INSTRUCTION: Transmit V-Address, TVuv

FUNCTION: Replace the right-hand 13 bits of (v) designated by Cvyg . . . Vol
with the corresponding bits of (W, leaving the remaining 21 bits
of (v) undisturbed.

I PROCUREMENT D BATT AN STORAGE
OF OPERANDS JEERATIONS OF RESULTS
(w) - X
(X14 .L...Xg}w?
v=0or A
not permissible

S e’ e
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 PROGRAMMING ERA 1103 ‘ |  srevion

OPERATION CODE: 17

INSTRUCTION: External Function, EF-v

FUNCTION: As indicated by (v) select a unit of external equipment and cause
it to perform the designated function. ‘

PROCUREMENT . E STORAGE
OF OPERANDS JEnLO OF RESULTS
(v) =X

1f previous operations involving
(10B) are completed -

(X) —=10B
Select, and cause an action
of external equipment,
according to (IOB)

S e : 6“32
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PROGRAMMING

ERA 1103 _SECTION 6

OPERATION CODE: 91
INSTRUCTION: Replace Add, RAuv

FUNCTION: Form in A the sum of D(u) and D(v).
/

Then replace (u) with (Ap).

PROCUREMENT
] OF OPERANDS

OPERATIONS STORAGE

OF RESULTS

(u) —>Xx

Clear A

Add DD to (N
(v)—=X

Add D(X) to (A)

(Ag) —>X

) —»u
Omit if u is A

o g e
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ERA 1103

INSTRUCTION: Beplace Subtract, RSuy

FUNCTION: Form in A

(Ag) .

the difference D(y) minus D(v) .

 SECTION 6

OPERATION CODE: 923

Then replace (u) with

 PROCUREMENT
OF OPERANDS

OPERATIONS

STORAGE
OF RESULTS

(w = x

(v) =X

Clear A

Add D(X) to (a)

Subtract D(X) from (A)
(Ag) =X .

(X) —>u
Omit if 4 is 2

e T

o

vy
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PRocEaMIN e SECTION 6

OPERATION CODE: 27

1N5TRUCT10N: Controlled Complement, CCuv

FUNCTION: Replace (Ap) with (u) leaving (Ap) undisturbed. Then complement
Lthose bits of (Ag) that correspond to ones in (v). Then replace
() with (ap). . .

PROCUREMENT { L | STORAGE
OF OPERANDS ERATIONS OF RESULTS

(W) — X
| Clear Ap
Complement (X)

Complement (Ag= ... Ag) if corre-
sponding (135 XO) is zero
(v) =X
Complement (X)

Complement (A3~ ... Ag) if corre-
sponding (X35 .-« Xg) is zero

(Ap) — x

X) - u
Omit if y ig A

gfmmstﬁs ,@s&aaza (fssacs&z{s Dusion



OPEBATION CODE: 33

INSTRUCTION:  Split Positive Entry, SPuk

FUNCTION: Form S(u) in A. Then left circular shift (A) by k places, k
being V¢ ., Vg and vy, -¥2 being zero.

PROCUREMENT w , STORAGE
OF OPERANDS OPERATIONS OF RESULTS
(n) - X

Clear A

Add S(X) to (A)

Shift (A) left k places

If the bits v 4 ---V7 of instruction 31 are not "0's", the next instruction
to be executed will be taken from address r with the bits of this address,
Y14 ---Tps being detemmined as follows:

(If instruction 31 is at addrﬁss‘y, PAK will currently contain address y* 1

n = PAKG
I, © PAK6
T~ = PAK. + v ,
. ,? .K7 7 bit-by-bit sum with the exception
= that a PAK. of "1™ and & vi of "1"
e . . will resull im an r; of "I7,
- s g ngy

After the execution of the instruction at address r, the next instruction
to be executed will be taken from address y + 2 (unless the instruction at r

called for a jump).

; iy SESEES 603&

s e s L L

& weneeaine ﬁsum ;%s&mms owision

PROGRAMMING - ..

e e b



OPERATION CODE: 32

INSTRUCTION: * Split Add, SAuk

FUNCTION: Add S(u) to (A), Then left eircular shift (A) by k places, k
being Vo + Vo and Vy,, |, -¥2 being zero,

PROCUREMENT o STORAGE
OF OPERANDS 0 OF RESULTS
(W) — X

Add S(X) to (A)

Shift (A) left k places

If the bits v »+-V= of instruction 32 are not "0's", the next instruction

to be executed will be taken from address r with the bits of this address,

Y14 -..r5, being determined as follows:

(1f instruction 32 is at address y, PAK will currently contain address y *1.)
Ig = PAKO'

*

T, = PAK,

1'7 = PAK:? * V7
. . bit-by-bit sum with the exception that
. . @ PAK; of "1" and a vy of "1" will
result in an ry of "I",

i

,*,
T At vy
After the execution of the instruction at address ¥, the next ingtructioa
to be executed will be taken from addressiy + 2 (unless the instruction at r
called for a jump), ‘

6-37
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PROGRAMMING . ERA 1103 . _ SECTION b

OPERATION CODE: 33

INSTRUCTION: Split Negative Entry, SNuk

FUNCTION: Form in A the complement of S(u), Then left circular shift -
(A) by k places, k being Y4e o Vg and ?14, + V7 being zero.

PROCUREMENT o " STORAGE
OF OPERANDS DEERATIONS OF RESULTS
{(n)—= X
: Clear A

Subtract S(X) from fA)
Shift (A) left by k places

If the bits V14 :--V7 of instruction 33 are not "0's", the next instruction
Lo be executed will be taken from address T with the bits of this address,
rl4 ...1r5, being determined as follows:

(If instruction 33 is at address y, PAK will currently contain address y + 1.0

g = PQKO

1’:6 = PAK&

Iy = PAK7 + \ird

. . bit-by-bit sum with the exception that

a PAK; of "1" and a vs of "1 will
: . result in an ry of "17,
T14 = PAK14 + V14 : :

After the execution of the instruction at address r, the next instruction
to be executed will be taken from address y *+ 2 (unless the instruction at r
called for a jump),

- 3¢y
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PROGRAMMING

INSTRUCTION: Split Subtract,

FUNCTION: Subtract S(u) from (A).
places, k being Ve,

ERA 1103

SSuk

 secmoN e

OPERATION CODE:

Then left circular shift (A) by k
. .¥g and Vi4e . .V7 being zero,

PROCUREMENT
OF OPERANDS

OPERATIONS

STORAGE
OF RESULTS

(u) = X

Subtract S(X) from (A)

Shift (A) left by k places

If the bits v

4 +--Vy of instruction 34 are not "0's",
to be executeé will be taken from address r with the bits of thisg

T4 ---Tg. being determined as follows:

(If instruction 34 is at address Y.« PAK will currently contain address y*t1l.)

*

.

r7 = PAKT' * V?'

Tyg = PAKy, * vy

After the execution of the instruction at ad
to be executed will be taken from address

called for a jump

Lhe next instruction

address,

bit-by-bit sum with the exception that

a PAK; of "1" and a v
result in an r; of "1

. gas;gtzgmaEﬁsmcn%mmzx owision
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'PROGRAMMING -  ERA 1103 SECTION 6

OPERATION CODE: 35

INSTRUCTION:  Add and Transmit, ATuy

FUNCTION: Add D(u) to (A). Then replace (v) with a).

PROCUREMENT

STORAGE .
WPERA’ \ i
OF OPERANDS OPERATIONS

OF RESULTS

(u) = x
Add D(X) to (A)
(AR) =X

(X) = v
Omit if v is A

-
=
o
-
=
e
Ny

Fetvr
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PROGRAMMING - .

OPERATION CODE: 36

INSTRUCTION: Subtract and Transmit, STuv

FUNCTION:  Subtract D(u) from (A). Then replace (v) with (Ag).

Aocuneue | Sromer
(u) = x *
Subtract D(X) from (A)
V(AR)'* X
(X)) —>v
Omit if v is A

6-41
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PROGRAMMING b e . SECTION 6

OPERATION CODE: 37

INSTRUCTION: Return Jump, RJuy

FUNCTION: Let y represent the address from which CI was obtained. Replace

the right-hand 15 bits of (u) with the quantity y plus one. Then
take (v) as the next instruction. (See Notes, p. 6-52)

»
PROCUREMENT A STORAGE .
OF OPERANDS DPERATIONS OF RESULTS

s

Clear X

PAK (i.e., y + 1)—>¥

v —> PAK
(X14. X )=y
u =9 or A not
permissible

;...;__h..__,...mm, e : 6*42
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OPERATION CODE: 41

INSTRUCTION:  Index Jump, IJuv

FUNCTION: Form in A the difference D(w) minus one, Then if a71 is one,
continue the present sequence of instructions; if a7y is zero,
replace (u) with (Ag) and take (v) as NI, (See Notes, p. 6-52)

PROCUREMENT OPLRATIONS STORAGE
OF OPERANDS GFERAL TN | OF RESULTS
Clear X
(w) =X
Omit if u is A
Clear A

Omit if u is A
Add D(X) to (A)

Subtract one from (A)

(AR) —> X
v - PAK
if a-y is zero : 0 —u .
Omit if u isAl|
eresiragrtore Hamd 6-43
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PROCRAMMING - . - .  SECTION 6

OPERATION CODE: 42

INSTRUCTION:  Threshold Jump, TJuv, not repeated

FUNCTION: Subtract (u) from (A), 1If 871 is then one, take (v) as the NI
if a7] is zero, continue the present s9quence of instructions,
Then in e:ther case, restere (A) to its initial state, (See

PROCUREMENT . e STORAGE
GF OPERANDS UFLRAKl?Nb OF RESULTS
(w—>xX ‘
Subtract D(X) from (A)
V—=PAK if 871 is one
Add D(X) to (A)
6-44
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Prochame BRA llos SECTION 6

OPERATION CODE: 42

INSTRUCTION: Threshold Jump, TJuv, repeated

FUNCTION: = Subtract (uw) from (A), If a7y is then one, replace (Q) with j p-r
and take (v) as the next instruction; if a71 1s zero, continue
wWith the present séquence of instructions. Ip either case, re-
store (A) to its initial state,

PROCUREMENT . STORAGE
OF OPERANDS UPERATIONS  OF RESULTS
(u) > X

Subtract D(X) from a)

If a is zero,

Agé D(X) to (A)

Advance (PAK)

Test (PAK) for condition indi~
ating n repeats and proceed
accordingly (See Note 2) .

O

If a71 is one,
Complement (PAK)
Add D(X) 1o (A)
Perform jump termination
(See Note 2)

Note: 1, This instruction is preceded by instruction 75jnw which leaves the
complement of "jn" ip pAk

L

2. See Jump Termination, page 6-73,

,'#X~?18?1'3}_  '  . .
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continue the present

SECTLON o

WERATION CODE: 43

sequence. In either Case, restore (A) to jts initial state,

wg
INSTRUC Lo Equality Jump, EJuv, not repeated
FUNCHION: Subtract (u) from LA). If (A) is then 48ro, take (v) as the
Rext instruction; if (a) is not zers,
{See Notes, page 6-52. )
- - . . __ _ _ ___

PHOCUREME v

Lo PRERS DAL
U A

i b
STuhacy !
OF RBESUL 1S j

(u)-»>x !

Subtract p(x) from (4)

Subt ract gne from (4)

V—>PaK if end-borrow was
pPropagated from A7y

Add B(X) to (A)
Set (X) to 1

Add DIX) to (4)

Bheorestoeartiom 3%&%@%%
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e

UEERATION CODE: 43

INSTRECTION:  Equality Jump, EJuy, repeated

FUNC IO Subtract (u) from (A). If (A) is then Zzero, replace () with
Jr 0-7 and tuke (v) as next instruction; if (A) is not ZETO,
continue the present Sequence. In either case, restore (A}
to its initial state.

PROCLREMENT ' Lo \ STURAGEH
S Lo pilige . G
GE R E DANDS U RE s ory

(u)—>x

Sublract D(X) from (A)
Subtract one from (A)

If no end-borrow was propagated

from Az

Add D(X) to (A)

Set (X) to one

Add DIX) to (A)

Advance PAK ~

Test (PAK) for condition indi-
cating n repeats and proceed
accordingly. (See Note 2. )

e e e e e “ Srtedd e L G G

Lf end-borrow was propagated ‘ I
 from Ag; |
Complement (PAK) -
Add D(X) to (A) .

et (X) tg one
Add D)) to (A) .
Vertorm jump termination |

{5ee Note 2. )

?
i .
Note 1. This instruction is preceded by instruction 75jnw which leaves Lhe
complement of "jn" in PAK,
Note 2. See Jump Termination, page 6-73,
oweireariorse Bheessad (47

e i e 4 i
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PROGRAMMING . en .  SECTION 6

OPERATION CODE: 44

INSTRUCTION: Q-Jump, QJuv

FUNCTION:  If qqe is one, take (uw) as NI; if 435 is zero, take (v) as NI

Then, in either case, left circular shift (Q) by one place,
(See Notes, p.6-52) '

.

PROCUREMENT . STORAGE
OF OPERANDS _ UPERATIONS OF RESULTS

If q35 is one, u —> PAK
If q35 is zero, v—PAK

Shift (Q) left one place

PX 71871

slrrer o

6-48
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. PROGRAMMING

INSTRUCTION;

ERA 1103

Manually Selective Jump, MJjv

FUNCTION: If the number j is 0, take (v) as NI.

the correspondingly numbered

take (v) as the NI; if this switch is

MJ Selecti

SECTION

OPERATION CODE::

ng Switch is set to “jump”,

not set to "jump", continue
the present sequence. (See Notes, p.6-8) .

PROCUREMENT ﬁ(ﬁ STORAGE
OF OPERANDS OPERATIONS OF RESULTS
1
For jump, v— PAK

. fﬁ;&ﬁéz;mgﬁsmmfﬂswstis owson
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PROGRAMMING

ERA 1103 SECTION 6
OPERATION CODE: 46
INSTRUCTION:  Sign Jump, SJuv

FUNCTION: If a 1 is one, take (w) as NI; if a7y is zero, take (v) as NI,
See Notes, p. 6-52)

PROCUREMENT L . STORAGE
OF OPERANDS JEEBATIONS OF RESULTS

If asy is zero, v —>PAK

It 871 is one, u-»PAK

St
|
PO

. 6-50
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PROGCHAMMING . e o

INSTRUCTION: Zero Jump . Zluv

FUNCTION: If (A) is not zero, take (u) as NI: if (A) is zero, take (v)
as NI. (S5ee Notes, page 6-52,)

PROCUREMENT L
WERATIONS :
UF OPERANDS OPE RATION o

Subtraect one from (4)

v-—>PAK if end-borrow was
propagated from Ay

e Y N L ;

u->PAK if no end-borrow was
propagated from A7,

Set (X) to one

Add D(X) to LA)

& LWHWL‘" 3

bl

/ ; Il
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PROGRAMMI NG ERA 1103 .

Notes Concerning the Jump Instructions

Wheh the conditions are such that the con
referred to as the next instruction to be exe
applicable:

tents of the v (or u) address are
cuted, the following notes are

1. Machinewise, v = A ig not permissible, .

2. If v =0, the next instruction to be executed after the ter-
mination of the jump instruction will be Q). 1If (Q) is a
legal instruction it will be executed in the normal manner.
its execution will be repeated unless it is a Jump instruc-
tion since the address of each succeeding instruction is
taken from PAK, and PAK will advance from 10000 to 11777

(and revert back to 10000) unless FORCE stop or a jump
is called for.

3. The above remarks also apply to u for the two-way jump
~ instructions.

'ng?;37i  7l7,T: 7'  7  ' 'f¥' fif'M"'f

, 6-52
e e
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INSTRUCTION: Q-Controlled Transmit, QTuy

FUNCTION: Form in A the number L{O) (u) .

SEcrion 5

OPERATION CODE: 5]

Then replace (v) with (Ap) .

PROCUREMENT
OF OPERANDS . OPERATIONS

STORAGE
OF RESULTS

(u) - X
Clear A

Form in X bit-by~bit product of
Q) and (X3 « 4

Add S(X) to (a)

X) — v
Omit if v is A

L EPoen s sy

b LA P

—
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PROGRAMMING . s SECTION 6
OPERATION CODE: 52

INSTRUCTION: 0-Controlled Add, QAuv

FUNCTION: Add to (A) the number L(Q)(u). Then replace (v) with (AR).

PROCUREMENT br o STORAGE
OF OPERANDS OPERATIONS OF RESULTS
) =X

Form in X bit-by-bit product of
(Q):and (0

Add S(X) to (A)
(ag) —X

) —> v
Omit if v ig A

wo

gerye b g gl

e

5 xsgazgxsag;@smﬁa PP550018TES nision
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PROGRAMMING

OPERATION CODE: 53

INSTRUCTION: (Q-Controlled Substitute, OSuv

FUNCTION: Form in A the quantity

L(Q) (w) plus L(O)*(v). Then replace (v)
with (Ap). '

PROCUREMENT op o ‘ STORAGE
OF OPERANDS ~ GERAIONS ’ OF RESULTS

(u) =X

Clear A

Form in X bit-by-bit product of
(Q) and (X)

Add S(X) to (A)
Complement (Q)
(v) =X

Form in X bit-by-bit product of
(@) and (X0

Add S(X) to (A)

Complement (0) : j
(AR} —=X i
|

(X) —v :
Onit if v is & J

. =
o~
B

e T PO P RS

6-55
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OPERATION CODE: 54
INSTRUCTION: Left Shift in A, LAuk

FUNCTION: Replace (A) with D(u). Then left circular shift (A) by k places,
k being ve.....v,, and replace (w) with (Ag).

t PROCUREMENT

o STORAGE
B “} I "
OF OPERANDS UEERATIONS OF RESULTS
Clear X
() — X
Omit if u is A
Clear A

Omit if u is A
Add D(X) to (A)
Shift (A) left k places

(Ap)— X
R

(X) — u* ;
Omit if u is A

it i b i

*The 54 (and 55) instruction does not always store the shifted number at ;
Lthe address from which the number, before shifting, was obtained. The address
to which the (Ap) e will be transmitted is determined in this manner: If the
15 bits of the receiving address of the shifted number are designated as
Tyg .- s these bits are determined as follows:

g = ug

s, T Yy

r7 = u7 + v?

: . bit-by-bit sum with the exception that a u.
. of "1™ and a v; of "1" will result in an

; r, of "1"

rl_d:: 314'}"&’14

Therefore, by choosing v - V7 with care, (u) may be left undisturbed.
A particular advantage of this peculiarity is that the shifted number may be
placed in Q or left in A without designating O or A as the u-address.

Y S

fmdndesiin ' ; ‘ 65-56
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 PROGRAMMING . | SEemONe

OPERATION CODE: 55

INSTRUCTION: \ Left Shift in Q, Louk

FUNCTION: Replace (0) with (u). Then left circular shift (Q) by k places,
; k being Y6 . . V5, and replace (u) with Q.

PROCUREMENT | . | . STORAGE
OF OPERANDS _ UPERATIONS OF RESULTS
(u) — X ;

X0

Shift (Q) left k places

Q) —Xx
(X) — y*
If u is 4, -
Clear A .
Add D(X) to (A) WJ -

*The 55 (and 54) instruction does not always store the shifted number at
the address from which the number, before shifting, was obtained. The address .
to which the (Ag) ¢ will pe transmitted is determined in this manner: If the 15

bits of the receiving address of the shifted pumber are designated as T4 ,..rﬁ,if°*
these bits are determined as follows: -

I'O :HO

Iz = ugp + vy .
| Dbit-by-bit sum with the exception that a ug
# of "1" and a vy of "1" will result in an r,

Of !#1“
; .

F14 - M4 vy |

Therefore, by choosing vy, ... v_ with care, (u) may be left undisturbed.
A particular advantage of this pecul?arity is that the shifted number may be
placed in Q or left in A without designating Q or A as the u-address.

= b foe 6
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PROGRAMMING

INSTRUCTION:

ERA lio3

OPERATION CODE: 56

Manually Selective Stop, MSjv

_ SectioN .

FUNCTION: If j is 0, stop the computer operation, providing suitable indi-

cation.

If j is 1, 2, or 3 and the correspondingly numbered MS
selecting switch is set to "stop", stop ¢
viding suitable indication. Whether

omputer operation, pro- .
or not a stop occurs, (v) is NI,

PROCUREMENT
OF OPERANDS

OPERATIONS

STORAGE
OF RESULTS

v —» PAK

Stop computer operation if stop
indicated,

Note: v = A net permissible; for v = 0, see Note 2, p.6-52,

s ne st DAL G P R

Ry

&F
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w0 SECTION 6 .

OPERATION CODE: 57
INSTRUCTION: Final Stop, FS--

FUNCTION: Stop computer operation, providing suitable indication, (See
sub-paragraph d. (1), Paragraph 6)

PROCUREMENT L STORAGE
OF OPERANDS OPERATIONS OF RESULTS

Stop computer operation.
|

=¥

3
i
=

e o e R i R

f ﬁ&!ﬁiﬁmg %iiﬁﬁﬁﬁ %Sﬁmﬁf ES ivision

6-59



BRI  SECTION 6

 PROGRAMMING

’

OPERATION CODE: 61 |

INSTRUCTION: Print, PR-v

FUNCTION: Replace (TWR) with the right-hand six bits of (v). Cause the
typewriter to perform the operation specified by the 6-bit code.

~ PROCUREMENT , STORAGE
OF OPERANDS (OFERATIONS OF RESULTS
P ~ - (v)=> X

1f TWR is clear, place one's in
(TWR3++»TWRp) where they are
present in corresponding

{XS; . 'XG)

Perform typewriter operation as
specified by (TWR).

PX 71871

B e —————cn—; 6”60
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 PROGRAMMING

-INSTRUCTION;

ERA 1103

Punch, PUjv

FUNCTION: Replace (HPR) with the ri
punch to respond to (HPR)
if j =1 include seventh level hole

-

ght-hand six hits of (v),

SECTION 6

OPERATION CODE: 63

PROCUREMEN% AT e STORAGE
OF OPERANDS QEERATIONS OF RESULTS
v) — x
If HPR is clear, place a one in
HPRe if j = 1 and place ones in
(HPRs, , .HPRy) where they are
present in corresponding (XS...XG)
Punch (HPR)
Homington Fand 6~61

Eneineering ,%rsiﬁacxy/fssamfgs ewsion

Cause the
. If j =0, omit seventh level hole:




PROGRAMMING

 ERA 1103 . SECTION 6 |

OPERATION CODE : 64

INSTRUCTION: Read Magnetic Tape, RMjny

FUNCTION: Read n bloc

ks (see Note) from MT unit j (running forward) to

32n consecutive addresses in M Starting with v,

PROCUREMENT
OF OPERANDS

STORAGE

OPERATIONS OF RESULTS

Repeat 32n times:

Insert in Q snccess;ve words
from MT unit Jj. ‘

Q)—Xx ;
(X)—=v + 0,,.32n }
!
|
Note: One block of magnetic tape consists of 32 words, each of 36 bits,
6-62
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 PROGRAMMING

INSTRUCTION: Write Ma

FUNCTION: From 32n co
blocks (se

ERA 1103

gnetic Tape, WMjnv

nsecutive addresses in MC, starting with v, write n
e Note) on MT unit j (running forward).

OPERATION CODE:

SECTION 6

65

PROCUREMENT
OF OPERANDS

OPERATIONS

STORAGE
OF RESULTS

Repeét 32n times:
(v + G;*.32n)—4*x
(X)—=0
 Write (Q) on MT wnit j until

n successive blocks have been
written.

Note: One block of magnetic tape consists of 32 words, each of 36 bits.

‘ f HEINEERING ;ﬁsmw%smms oISION
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 PROGRAMMING

ERA 1103 SECTION 6

OPERATION CODE: 66
INSTRUCTION: Advance Magnetic Tape, AMjn-

FUNCTION: Move the magnetic Lape of MT unit j in the

forward direction by
n blocks (see Note).

PROCUREMENT SR ATT AR STORAGE
1% !
OF OPERANDS OEERATIONS OF RESULTS

Advance MT unit j n blocks.

Note: One block of magnetic tape consists of 32 words, each of 36 bits.

e

i ERgy

e e g g Lt

—— 6-04
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UPERATION CODE: 67

INSTRUCTION: Back Magnetic Tape, BMjn-

FUNCTION: Move the magnetic tape of MT unit J in a backward direction by
n blocks (see Note).

PROCUREMENT o Coba
OF DPERANDS OPERATIONS

OF RESULTS

Back MT unit j n blocks.

Note: One block of magnetic tape consists of 32 words, each of 36 bits,

 PX TI871

Vil

6-65
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PROGHANMMING

INSTRUCTION:

FUNCTION:

ERA 1103

Multiply, MPuv

multiplier (u).

OPERATION CODE: 7}

Form in A the 72-bit product of (u) and (v), leaving in Q the

ik

iarm in A the product of (Q)and
X

PROCUREMENT hED e S5TORAGE
| OF OPERANDS URERATIONS OF RESULTS
()} = X
Clear A
X)—=0
(y) > X

B R S

e

Rins %SE

A
ARCH %55&:@%5 orvsion
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 PROGRAMMING

INSTRUCTION:

FUNCTION: Add to (A) the 72-bhit pro
multiplier (u):

om0

Multiply Add, Mauy

\TION CODE:

duct of (u) and (v), 1eaving in0Q ¢t

 SECTION 6

72

.

- PROCUREMENT
OF OPERANDS

UPERATIONS

STORAGE
OF RESULTS

(W) — X

(y) =X

X) =0
Shift (A) left 36 places

Add to (A) shifted the product
of (Q) and (X)

6-67
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PROGRAMMING . ;~ ERA 1103 _ Seron e

OPERATION CODE: 73

INSTRUCTION: Divide, DVuy

FUNCTION: Divide the 72-bit number in A by (w), putting the quotient in 0,
and leaving in A g non-negative remainder, R. Then replace (v) by
(Q). The quotient and remainder are defined by;: <A)i =-0)wr
where O<R < |[(u)], (A); denotes the initial contents of A, .

PROCUREMENT k L STORAGE
OF OPERANDS OEERATIONS OF RESULTS
(w) > X
Clear Q
Divide (A) by (0, placing the
quotient in Q and leaving R in 4
Q) =X
X)—v
If v is A,
Clear A
Add D(X) to (A)

o e s U R A A

o e . Q‘ ' 6-68
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OPERATION CODE: 74
INSTRUCTION: Scale Factor, SFuv

FUNCTION: Replace (A) with D(u) unless u is A. Then left circular shift (A) .
36 places and continue shifting until a 57 a 4+ Replace the right- .
hand 15 bits of (v) with the number of %eft sgafts, k, necessary to
return the final contents of A, or (A)f, to the original position.

The range of k if u is A is O<k=T7l: "if u is MC, M, or Q, k

may be O or 37k <7]1. Effectively, the initial contents of A,

or (A)i' which may be D(u) or D(Q) after the above replacement,

are positioned in Ap (with the sign bit represented by Ase and

the most significant bit by Asy) so that (A), = (A);°25 1Ir

0<k<36, the Scale Factor s = -k; if 37< k=71, s = 72 -k,

Note that for 0<k<36, this positioning scales (A); "down"; for
37<k=71, (A)i are scaled "up". 1If k = 0, (A); were properly .
positioned before any shifting operations; if k = 37, (A); are all -
ones or zero,

PROCUREMENT STORAGE

OF OPERANDS ERiLIONS OF RESULTS
Clear X

(u)—=x

Omit if u is A

Clear A
Omit if u is A

Add D(X) to A

Shift (A) left 36 places and
continue shifting until e # ag,

‘Claar X

k———>x

(X, ,...X3)—>v
13 = goor A not
permissible

TRy o

. 4 MM_M ‘ 6-69 -
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ok, e  SECTION 6
OPERATION CODE: 75

INSTRUCTION: Repeat, RPjnw

FUNCTION: This instruction calls for the next instruction, NIuv, to be exe-
cuted n times, 0<pn<2 -1, its "u" and ™" addresses being modi-
fied or not according to the value of J. Normally n executions
are made, and the program is continued by the execution of the ;
instruction stored at a fixed address Fy. The instruction usually
stored at Fy is MJjv, calling for g Jjump to its v-address, which
according to the workings of the Repeat instruction means that
(w) of RPjnw will be taken as the next instruction.

The u and v addresses of the repeated instruction are advanced
according to the value of J as follows:
If j = 0, neither the "u" nor the "v" execution address of
the repeated instruction is advanced.
J =1, the "v" execution address of the repeated instruc.
tion is advanced after each execution. .
J = 2, the "u" execution address of the repeated instruc-
tion is advanced after each execution.
J = 3, both the "u" and "y" execution addresses of the re-

peated instruction are advanced after each execution.

During a repeat Sequence, PAK is used as a counter to record the
number of times the instruction is executed.

ggeggg?gfmmg | OPERATIONS z}grgggggi*s
f“ Clear X
WX
i | : (X14 ...X0)~4»£j
(PAK) — X
Jjn — PAK

Complement PAK

e 5 o

(X) — PCR

Begin Repeat Sequence :

Advance (PAK) and investigate

its contents,

If n = 0, proceed to Normal
Repeat Termination

If n # 0, execute NI n times,*
advancing u and v ad-
dresses according to j

*See Exceptions, P, 6-72,

Peerreington Blumd 670
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PROGRAMMING ‘ ERA 1103 ‘ sherinn e
Intermediate Steps following each execution of an instruction whose repeat is
possible.

FUNCTION: Test for n executions of repeated instruction; proceed to Norma i .
Repeat Termination if n executions have occurred: if not, repeat

instruction.
PROCUREMENT STORACE !
it Gi'ﬁm'{«{{);ﬁ s AT AN gl :

OF OPERANDS OF BESULTS

Test PAK for condition indicating
n executions of repeated in-
Struction and proceed actord-
ingly,

Normal Repeat Termination

FUNCTION: Terminate the repeat sequence when an instruction has been executed
A times by taking (Fy) as the next instruction. (See Exceptions)

! I
7 (F) ) —X ~ '

| 0o | | | |

i

Abnormalities:

1. If the fixed address Fi 1s not a Jump instruction, the address of the
instruction to be executed following the instruction stored in 'y is determined
by the modified complement of "ji" from the Bepeat instruction. This is the
number that remains stored in PAK at the end of a repeat sequence that has o
Normal Termination., If, in 75jnw, "j"” was 0, the address will be 4000C; if "3
was 1, the address will be T0000: if "J" was 2, the address will be 60000: if
"J" was 3, the address will be 56000,

2. 1In addition to values j = 0, 1, 2, and 3, the value "i" in T5jnuw may 838&5;_7
be 4, 5, 6, or 7. an instruction following a Repeat instruction where j - 4 5

6, or 7 will bhe repeated‘indefinitely unless its execution produces 2 Jump or
stop operation or a jump termination. If these latter conditions do not occur,
the "u" and "v" execution addresses of the repeated instruction will be advanced
depending on "i": if J = 4, neither address is advanced; if j = 5, the "v" ad-
dress is advanced: if i = 6, the "u" address is advanced; if j = 7, both ad-

dresses are advanced. If "y" or "v” are D addresses, they may be advanced from

40000 through 77777. and the Next advance signal after 77777 will stari the ad-
dress sequence over from 40000, If "u” or "v" are MC, G, or A addresses, they
may be advanced 1023 addresses from their respective first addresses, and the
next advance signal will start their address sequence over from their respec-
tive first addresses.

3, If a Repeat instruction is immediately followed by a second Repeat in-
struction, the second will supersede the first, and the address of the repeated
instruction is determined by the number stored in PAK. This address is the
complement of "jn-1" which remains stored in PAK from the first Repeat instruc-
tion,

e i ﬂ“’aﬂ
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Advance PAK by one .




BX o .

Plocauye . . .
TERMINATION OF A REPEAT SEQUENCE

"n” in the Repeat instruction is Zero or mot, If "n" is zerq {indicating that
1o execution of the instruction following the Repeat instruction is to be made) .
the attempted repeat sequence is immediately terminated according to the Normal
Repeat Termination. If n £ 0, the instruction, regardless of what it is, is
executed., The repeat Sequence is concluded by a Normal Repeat Termination,
after n executions, except when the instruction following RPjnw is one of the
following: :

Excegtion§:

(1) If the Interpret (14--), Return Jump (37uv), 0 Jump (44uv), Sign Jump
(46uv), Zero Jump (47uv), Manually Selected Stop (56j¥, or Final Stop (57--)
instruction is to be executed after a Repeat instruction, the attempted repesat
sequence is automatically terminated, These instructions are thus executed as
if no Repeat instruction preceded them and terminated by the normal Instruction
Reference Events.

€2) If either the Index Jump (4luv) or Manually Selected Jump (453jviis
to be executed following a Repeat instruction, they may be repeated "n" times
as specified if no Jump operation is called for in the course of their execution,
If a jump operation is called for, the instruction is terminated according to
the normal Instruction Reference Events and the content of the jump address is
taken for the NI. (No count of the number of times the instruction was executed
is retained, however ) If no jump operation is called for in "n" executions of
these instructions, a Normal Repeat Termination is executed and (Fl} are taken
for the NI

(3) If either the Threshold Jump (42uv) or the Equality Jump (43uy) is t0k  ﬁ
be executed following a Repeat instruction, they can be repeated or not depending~;;;

on whether or not in their €xecution the threshold or equality conditions are
reached and a jump operation is called for, If 3 Jump operation is called for
before or exactly after "p" executions, the repeat sequence of these instructions
is terminated by a special Jump Termination (see P.6-73), The Jump Terminatinn
Stores the quantity J.n~r in Q and takes the contents of the jump address for

the NI, The (Q) can then be used to determine how many times the instruction
was executed, If "n" executions of these instructioas are performed and the
threshold or equality conditions requiring a jump do not occur, the repeat se-
quence of these instructions is terminated by the Normal Bepeat Termination and

Fherminngton Flend . .
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Jump Termination for repeated instructions 42uv and 43uv.

FUNCTION: When a Jump condition, as specified by one of the instructions
above, is reached before or immediately after n executions, the
steps listed below, followed by the normel Instruction Heference
Events, terminate the execution of the instruction.

PROCUREMENT ; 1 e
OF OPERANDS OPERATI ONS

OF RESULTS

(PAK) — X

] X})—=0

{ v—> PAK

oW
ot
I~
>
D
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 PROGRAMMING

ERA 1103

INSTRUCTION: External Read, ERjv

FUNCTION: If j = 0
?3r- v

»

+ replace (v) with (I0A) in vy

vgi if j = 1, replace (v) with (10B
unit utilizes st

instruction must

ep-by-step operation, advan
be preceded by the Externa

_ SECTION 6

OPERATION CODE: 76

) and zeroes in
).

If the external
ce one step, (This .
1 Functions instruction.)

PROCUREMENT CPERATLL STORAGE »} -
OF OPERANDS ERRATION OF RESULTS -
Clear X .

1f I0A or 10B has received in- .

formation from external equipment -

(10A) or (10B) > X .

Clear 104 or IOB (X)—> v ; ¥

If v is A, .

Clear A -

Add D(X) to A .

If 104 is involved, note that when v ig a

most bits of v are (I
the eight right-most

F B

gssggseg;mg Aesearcn Assopres o on ;

36-bit register, the eight right-
0A) and the left-most 28 bits are zero

bits of A are (I0A) and the remaining

es; when v is A,
64 bits are zeroes.

6-74



 PROGRAMMING

ERA 1103

 SECTION 6

OPERATION CODE:

INSTRUCTION: External Write, EWjv

FUNCTION:

1f j = 0, replace (10A) with the right-hand ei
J =1, replace (I0OB) with (v). Cause the previ
unit to respond to the information in I0A or I
must be preceded by the External Functions

PROCUREMENT
OF OPERANDS

OPERATIONS

(v) =%

1f previous operations involving
(10A) or (I0B) are completed -

(X) —I0A or I0B
Transmit (I0A) or (I0OB) to
external equipment

=
©0
~
=~

;sémiis;xs@smca%smms ovision

ght bits of (v);if
iously selected .

(This instruction
truction, ) .

OF RESULTS
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oo mAlGE 6

d, INSTRUCTION EXECUTION TIMES, - On the following pages the instructions
are presented with accompanying tables which give the time required for the
execution of each instruction, the execution being repeated or not repeated,

The time required for the execution of an instruction is dependent upon the

storage references, where such are made, by the u and/or v addresses, The 3
tables for the instructions with such references applicable and practical list
individually the execution times of each instruction with its u and/or v ‘
addresses referencing an MC register, the Accumulator, or the Q-Register,

(All execution times assume that the instructions are stored in MC.) The

specified times are measured, unless otherwise stated, from MPO to MPO: each .
number in a table is the number of clock pulse periods, (two microseconds each),
Tequired for the execution of a particular coded instruction, -

Included in the determination of the execution time for an instruction
repeated n times are the times required by the Repeat instruction and, in most .
cases, the instruction stored at Fij. This total execution time is given by the
sum, 294R +p, where Bp is the execution time of the instruction repeated n
Ltimes and p is the execution time of the instruction stored at F,, If n is
zero, R, is zero and, in all cases, the total execution time is 29 + p and the
next instruction is taken from F;.

When certain of the instructions are repeated, the total execution time
does not include the time P, These instructions are as follows: Interpret
14--: Return Jump, 37uv; O-Jump, 44uv; Sign Jump, 46uv; Zero Jump, 47uv; Manu~
ally Selective Stop, 36uv; and Final Stop, 57--. These instructions are exec~
cuted only once at the most - regardless of an n>1, The next instruction to
be executed will not be taken from F,. ;

Other exceptions to including the time P in the total execution time are
made under certain conditions when the following instructions are repeated:

_ Index Jump, 4luy; Manually Selective Jump, 45jv; Threshold Jump, 42uv; and

Equality Jump, 43uv. The time p is not added when, during the repeated n
executions of these instructions, the Jump requirement is met before or during
the nth execution of the instruction, The occurrence of the jump eliminates
the procedure of taking the next instruction to be executed frﬂm‘Fl,

Execution times for repeating certain of the instructions are not given “fﬁ§5
if a repeat of such instructions has no practical use, .

The following notations are used in the tables of execution times:

SCC Storage Class Control indicates the coded u and/or v
addresses being used are not permissible,

= _  Executien time not given for a possible instruction
at a Q address,

N Number of executions of the repeated instruction,

(uy) Denotes bit in stage i, (352 i 2 0), of register
addressed as u,

{ui§< Contents of u; during Tepeat j, j =1 ,, . N,

- ms Milliseconds.

Fheornington Flarnd ; | 6-76
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PROGRAMMING . e

INSTRUCTION: Transmit Positive, TPuy

NON-REPEATED

MC A Q

OPERATION CODE:

REPEATED

MC | 20 19 17

A | 16 15 13

INSTRUCTION: Transmit Magnitude, TMuv
NON<REPEATED

‘u VI . 1 g

MC 13N
A 9N

Q 10N

OPERATION CODE:

- REPEATED

o MC

M |21 20 18

A # 17 16 14

zakuvmumgmhut.zﬁhuumt

2' HEWE‘;’B&I(S ?ﬁiiltﬁ ﬁswms DisIoN

NC 14N

A 10N

Q 11N

SECTION 6

11

12

6»77i~




PROGRAMMING . imae SECTION 6
‘ OPERATION CODE: 13
INSTRUCTION; Transmit Negative, TNuv

NON-REPEATED REPEATED
‘ v vl
u MC A Q HNIMC
MC (20 19 17 MC 13N
A l6e 15 13 A 9N
Q 17 16 14 Q |I1ON

OPERATION CODE: 14

INSTRUCTION; Interpret, IP--
NON-REPEATED

u and v irrelevant

- 17
o

D

D

e

b9y

. 6-78
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PROGRAMMING =  ERA 1108

INSTRUCTION: Transmit U.Address, Thuy

Transmit V-Address, Tvuv

NON-REPEATED

Q| 17 SCC  sce

INSTRUCTION: External Function, EF-y
mN»BEPEATE{}

MC A Q

16 12 13

# computer operating time,
not including a lockout
time if IOB is currently
in use for output opera-

tions,

iﬁﬁewmﬁﬁmgpgqgijgggfggg

; Eneineenne seancy FSSOCINTES oson

SECTIO
OPERATION CODE:

BEPEATED

MC

A Q

oo o—-

13N

N

10N

SCC  sce

Ne

OPERATION CODE: 17




e .

PROGRAMNING

ERA 1103

SECTION 6
OPERATION CODE: 97

INSTRUCTION: Replace Add, RAuy
NON-REPEATED REPEATED
v , | v
u MC A Q u NC A 0
MC | 33 29 30 MC 26N 22N 23N
A 125 21 o5 A | 19N
Q |27 23 24 0 20N
DPERATIGN CODE: 23
INSTRUCTION: Replace Subtract, RSuy
NON -REPEATED REPEATED
N v
u MC A 0 u MC A Q
MC | 34 30 31 MC { 27N 23N 24N
A | 26 22 23 A 20N
Q |28 24 25 . Q 2IN
M M 6-80
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PROGRAMMING

INSTRUCTION: Controlled Complement, CCuv

NON-REPEATED
|

MC A Q

MC |29 25 26

(22 19 9

INSTRUCTION: Split Positive Entry, SPuk
Split Add, SAuk

NON-REPEATED

Fhornington

2y -

‘ & uemeErin ?&mﬁ:u/ﬂseaﬁss owision

ERA 1103

REPEA

OPERATION CODE: 27

\TED

MC 22N

Q | 16N

18N 19N

OPERATION CODE:

BEPEATED

| SECTION G

MC | (11+ k) N

where k is not altered by
the Repeat Sequence, For

k=0 and 1 use value of

k&o

6-81




PROGRAMMING | .  ERA 1103 ‘SECT:GN 6
OPERATION CODE: 33

34
INSTRUCTION: Split Negative Entry, SNuk

Split Subtract, SSuk

NON-REPEATED REPEATED
u . u
MC | 19 + k ' MC | (12 + k) N
A 15 + k . | where k is not altered by
the Repeat Sequence, For
, k=0 and 1, use value of
Q 16 + k k=2,

OPERATION CODE: 35
INSTRHCTION;‘ Add and Transmit, ATuv

~ NON-REPEATED REPEATED

v . v
N8 0 u\ | MC A 0
MC |24 20 21 MC | 17N 14N 14N

. A l20 16 17 - 13N
:;f‘ 0 la1 17 s Q | lan
g

=

Mytan_ V (T 6-02
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PROGRAMMING ... e s
OPERATION CODE: 36

INSTRUCTION: Subtract and Transmit, STuv

NON-REPEAT REPEATED

v v ‘
aolMe 4 o ol e o4 g
Mclo2s 21 oo | Mc | 18N 15N 13N
Al 17 g A | 14N

| ‘

Q 22 18 19 0 15N

OPERATION CODE: 37
INSTRUCTION: Return Jump, RJuv

NON-REPEATED REPEATED*
v ¥
uN| MC A Q u MC A Q@
? . . | .
MC| 19 SCC  -- V MC | 12 scC --
A | SCC scC  scC A SCC  sCC ScC
Q | scc scc  scc Q SCC  SCC  scC

*See preliminary discussion

Fosssineggtore Fhezred 6-83
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PROGRAMMING .  ERA 1103

INSTRUCTION: 1Index Jump, IJuv

NON-REPEATED

v
u\ | MC A Q

MC |29 S¢C -

A 21 SCC -

Q |23 SCC -

JUMP=
NON-REPEATED
5 ;
u irrelevant .
MC 24
A 20
Q 21
NO JUMP

*See preliminary discussion

Feermingtorn Fand

 Cuemerame ,?zszma zf:sacm;s onision

 SECTION 6

OPERATION CODE: 41

REPEATED*
Y
uN| MC A 0
MC |19r+3 SCC -
A |15 5CC -
Q |16 s -

where r = number of executions
up to the occurrence of the jump,

REPEATED

irrelevant

NC

19N
15N

16N



o
=
B

-

PROGRAMMING ERA 1103

INSTRUCTION: Threshold Jump, TJuyv

NON-REPEATED

)

23 scc -
19 scc -

20 scc -

JUMP#

NON-REPEATED

irrelevant

23

19

20

OPERATION CODE: 42

REPEATED*

u MC A Q

NC 16r+5 scCc -

A 17 SCC -

Q 18 SCC -

where r = number of executions
Up to the occurrence of the Jump,

The jump will eccur durias ais

first execution if u is A or Q,

REPEATED

u irrelevant

MC 16N

A 12N

Q 13N

“See preliminary discussion

39§ymnﬁmg¢2?mhzﬂ&unmi

‘ Evemenms ,?z;m:n fﬁsgc;ms owson
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PROGRAMMING

INSTRUCTION: Equality Jump, EJuv
NON-REPEATED
v

u MC A Q

MC 29 SCC -

A 25 s8¢ -

Q 26 5CC

JUMP*

NON--REPEATED

v

TR irrelevant

29

25

26

NO JUMP

*8ee preliminary discussion

et o

ington Fand

. gxmssms Pistancn ASS00Tes ouwsion ;

ERA 1103

SECTION 6

OPERATION CODE: 43

REPEATED*
v

N . A 0

MC | 22r+5 SCC -

A | 93 sec o

0 | 24  see o

where r = number of executions
up to the occurrence of the jump,
The jump will occur during the
first execution if u is A or Q,

REPEATED

v
\\ irrelevant
MC 22N
A 18N
Q 19N

6-86




f?ggg‘i ‘y§g3 k‘k

Q-Jump, QJuv
Sign Jump, SJuv

INSTRUCTION:

NON -REPEATED

MC | 10

A SCC

INSTRUCTION;: Manual Jump, MJjv

NON-REPEATED

v | MC A Q

S

10 scc -

JUMP

v } irrelevant

Im
NO Jump

*See preliminary discussion

]ﬁﬂennumqytaq:.]ﬁﬂunui

ERA 1103

uory

~ SECTION 6

OPERATION CODE: 44
46

REPEATED*

MC | 3

OPERATION CODE: 45

REPEATED*

jzaca 0

} 3 SCC -
JUMP#

f irrelevant

é' HEINEERING Emma /ﬁsssmis omision
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 PROGRAMMING ERA 1103 SECTION 6
OPERATION CODE; 47

INSTRUCTION: Zero Jump, ZJuv

NON-REPEATED . REPEATED*
u or v uoryv
MC | 16 MC | 9
A | scc A | scc
Q = Q -
|

OPERATION CODE: 51
INSTRUCTION: Q-Controlled Transmit, QTuv

*See preliminary discussion

Ferreington mmzj
B o e SRS
fxssxzwns ,?mmﬁ ;f’ssac:ms ovision

NON-REPEATED REPEATED
v v
¢ DN MC a4 g
MC| 24 20 g HC | 17N 14N 14N
Al2 18 1y A | 13
0121 17 g Q | 1av
bl
.
.

6-68
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OPERATION CODE: 52

INSTRUCTION: Q-Controlled Add, QAuv

NON-REPEATED REPEATED

vi v ‘
u MC A 0 o MC A 0

MC,{ 25 21 22 MC 18N 15N 15N

Al21 17 18 A 14N

0 [22 18 19 Q | 15N

OPERATION CODE: 53
- INSTRUCTION: 0-Cont 1led Substitute, QSuv

NON -BREPEATED REPEATED
v ‘ v
U\ | MC A Q u NC A o

MC | 40 32 34 MC | 33N 26N 27N

A |3 28 39 A | oon

|
=
=
o

iﬂlkuuzzn@aﬁawn.iﬁﬂuwzat

‘ 6-89
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PROGRAMMING W
‘ OPERATION CODE: 54
INSTRUCTION: Left Shift in A, LAuk k

NON-REPEATED
v# .
u MC A Q
MC | 24 + k » 20 + k 21 + k
A | 16+k 16 + k scc
Q |18+k scc 18 + k
REPEATEL
v
u M

MC (17 + k )N

where k is not altered by the Repeat Sequence,

~ *v is coded with bits Vg...V, representing k and bits Vige«-V7
completing an MC, A, or 0 adgress. If v is an A address, (u)
shifted remain in A; if v is a Q address, the final (AR) are
transmitted to Q.

W 6-90
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 PEOGRNGHNG . pRaiipn . e
- OPERATION CODE: 55
INSTRUCTION: Left Shift in Q, LQuk .

 NON-REPEATED

v
u MC A Q
-

MC | 23 +k 22 + k 20 + k
A | 1B+Kk ‘ 18 + k scc

Q 17 + k | sce 17 + k

REPEATED
i ,
u MC

MC (16 + k )N

Where k is not altered by the Repeat Sequence.
*Where v is coded with bits v?‘..vc répresantiug k and bits vyg4...v
es

completing an MC, A, or Q address. If v is an A address, (u) shiftgd
are transmitted to A; if v is a Q address, (u) shifted remain in Q.

 Bemington Fand | | | ‘o

&E HEINEERING ;?ﬁzmu Assoomres owsion



PRosRAMNING 0 ogl aie SECTTON 6

OPERATL ON CODE: 56
INSTRUCTION: Manually Selective Stop, MSjv

NON-REPEATED ' REPEATED#®
vf MC A Q v !ﬁC A Q0
! 10 scCc - f 3 8cCc -
NO STOP
v irrelevant v z irrelevant
2 f -5
STOP

OPRRATION CODE; 57
INSTRUCTION: Final Stop, FS--

NON-REPEATED ; | REPEATED®
u and v irrelevant u and v irrelevant
1 , -6

*See preliminary discussion

Formington Floand 6-99
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pocmRTEe . @ ltn SECTIQN 6

INSTRUCTION: Read Magnetic Tape, RMjnv

OPERATION CODE: 6

INSTRUCTION: Print, PR-v
Punch, PUjv

NON-~REPEATED ; ; REPEATED

v [ kW A 0 v| BC A Q
19 15 16 | 14N 10N 1IN

| Computer operating time,  Computer operating time,
not including a possible not including lockout times
lockout time due to exter- ~ due to external equipment ‘
nal equipment cycle times of ~- _ cycle times,
_approximately 105ms for -
typewriter, , Approximate overan time in ms
16,7 ms for Punch Maximum - .
1 ‘ Pumch 16,7 (N-1) + 12,5
(ﬁyals times listed are not Typewriter 105N
maximum lockout times) Minimum -
Punch 16,7 (N-D)
Typewriter 105(N-1)

OPERATION CODE: 64
65

Write Magnetic Tape, Wijnv
NON--REPEATED ” ~ REPEATED

MC ‘ v MC

(14+144n)ms ~' (14+144m) N ms

nfEO0 nfEo0

10ms | 1ON ms
n=0 n=0

W Pcamed . | ; . 59
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PROGRAMMING

Frermington Feand

 Ewemeenns Ziseanch Assocues owson

INSTRUCTION: Advance Magnetic Tape, AMjn -

Back Magnetic Tape, BMjn -
NON-REPEATED

U and v irrelevant
14

computer operating time,
exclusive of a (maximum)
lockout time if the same
ML unit is referred to of
(14+144n) ms

n#o0

u and v irrelevant

14

computer operating time,
exclusive of a (maximum)
lockout time if the same
MT unit is referred to of
106 ms.

‘ERA‘11§3

SECTION 6

OPERATION CODE: 66
67

REPEATED

4 and v irrelevant
8N

computer operating time,
exclusive of computer
lockout time because the
same MT unit is referred
to of(14+144n) (N-1) ms,

U and v irrelevant
8N

computer operating time,
exclusive of computer
lockout time because the
same MT unit is referred
to of 10(N~1) ms.

6-94




PROGRAMMING . e . sEcTioN 6

OPERATION CODE: 71
INSTRUCTION: Multiply, MPuv ‘

NON-REPEATED

u\] MC A 0

MC 61 57 58

A L 5 o

Q 58 54 55

35 ‘
each plus 2(uy) 43 (u;) +7(uss)
i=1

REPEATED

Subtract 36 from corresponding execution times

of Multiply Add instruction. .

Peornirngton Fland 6-95

‘&fmz;m,&mw/fsmm owision



'PROGRAMMING  mpes @ Sole
OPERATION CODE: 72
INSTRUCTION: Multiply Add, MAuv

NON-REPEATED

Add 36 to corresponding execution times of Multiply imstruction,

REPEATED
v
u MC A Q
» Minimum times where (ug
MC 9on 86N 87N and (uy); are zeroes ang dne
' g addniozml t;me required for
: \ L) of Oﬁeﬁ is
A 86N 82N 83N gwen by t smation below
~ the table,
Q 87N 83N 84N ]
~ N 34
each plus 43 | Jui
j21 Mzl i
v
u Mc A Q :
V ~ Maximum times wherell
MC 239N 235N 234N (“35 ‘oo U j are all ones,
A 235N 23IN 232N
Q 236N 232N 233N
If the contents of (uss ... Ug)y are known:
u=HMC v=MC
. ;- }? 325
90 N + 2un) . + TC ,
- a0 ke d g )
= u=0, v=90
) 35
84N + N {2(qp) + T(qzg) + 42 (q,)
; i=1 1

Fhernington Feand , | | 6-96
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 PROGRAMMING

INSTRUCTION: Divide, DVuv

. NON-REPEATED

Sy M A

MC| 243 242

A 239 238

Q 240 239

Moximum time (in case of a preliminary negative remainder) -

240
236

237

add to each 4(a71)

NON-REPEATED

v ;
u MC A

MC } 240 239
A 236 235

o] 237 236

237

233

234

add to each 4(37

Minimum time

Zﬂ&uwmumyihnz.]ﬂ&mnmt

ERA 1

5:5;&:{;;%: ;?zsmsn;fssanmzs owision .

103

 SECTION 6

OPERATION CODE:

REPEATED

N
236 N + 4.5_’ (a7
}:

REPEATED

MC

N
233N +4 2 (agy)y
j=1

6~97 .




 PROGRAMMING - _ sEmeNG
( " OPERATION CODE: 74
INSTRUCTION: Scale Factor, SFuv

NON-REPEATED REPEATED
If v=A Q, 5CC fault
; u |
MC| 63 +7 MC | 56 + 7
A 59 +7Y
Q | 60 +7

where Y = (36-k) mod 72 and k is the scale factor oSk =71, . For
k=37, use value of k=38

OPERATION CODE: 75
INSTRUCTIONS:

NON-REPEATED* ‘ REPEATED

29 + R, +p ‘ If the RP instruction is
. repeated, the second one

where p is the execution time takes precedence over the

of the terminal jump at F; and first,

R, is the execution time of the

repeated instruction,

(If n=0, R,=0)

*See preliminary discussion

FBormington Ffand | . 6-90
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. PROGRAMMING il | Sromone

OPERATION CODE: 76

INSTRUCTION: External Read, ERjv

NON -REPEATED . REPEATED

A Q | \ MC

16 15 13 : 9N

MC

computer operating time, _tomputer operating time,
not including a lockout \ not including lockout
time if 10B, or I0A, has times,

not yet received the infor-

mation being "read",

OPERATION CODE; 77 ;ffjff

INSTRUCTION: External Write EWjv

NON-REPEATED REPEATED

MC A Q0

MC A

6 12 13 IIN 7N eN

computer operating time, computer operating time,
not including a lockout not including lockout
time if I0B, or I10A, is times,

currently in use for out.

put operations,

- Evemeenns ﬁs&uﬁ‘/ﬁsssxﬁzﬁmgagu .



