
L C. T. 1900 SERIES 

SYSTEM DESCRIPTION 

(1904, 1905, 1909) 

Provisional Infor 

MARCH 1965 

Engineering Publications Dept., 
Computer Equipment Group, 
I. C. T. Limited, 
Thomas Street, 
West Gorton, 
Manchester, 12 





, FOREWORD 

,_--iabook sets out to ,explain the 1904, 5, and 9 computers 

190V system to both engineers new to computing and engineers 

with Lc-,2,e:i'ience of existing computers. 

Chapter 1 will be of value to the newcomer and Chapters 2 and 3 

t.athoss engineers who already have experience of non-•time sharing 

machines

description of the 1904, 5, and 9 computers proper starts in 

Chapter 4 where a brief account is given of their main features. This 

account is enlarged upon in the following chapters and while nothing 

is dealt with in detail the aim has been to give to the reader, a good 

workvag kno5N,ledge of the system as a whole. 

The design of some sections of the computers is, at the time of 

writing, in a state of flux and though no radical changes are likely, 

some changes and additions may be expected, especially in the area of 

peripheral control. For this reason the information contained herein 

must be regarded as provisional and further information.will be issued 

.from time to time. 
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Q. 

INTRODUCTION TO A SIMPI,R CO 

101 Some simple arithmetic 

If there was a clerk who could only add, subtract, and recognise 

zero and positive or negative numbers, he could be used to work out 

the most complex arithmetical problems by being issued with pencil and 

paper, and a series of instructions. To multiply x by n he need not. 

know how to multiply: x can be added to itself n-1 times. 

A series of instructions to enable the clerk to do this could be se 

below. 

Write x in cumulative answer. 

Put n-1 in counter. 

If counter is zero, place 

cumulative answer in 

answer and stop. 

If counter is not zero ,.add..

x to cumulative answer. 

If counter is zero, place 

cumulative answer in finea' 

answer and stop. 

If'counter is not zero, add 

X-f-X4X;',

counter 

final 

answer 



It will be seen that n is reduced by 1 and x added to the cumulative 

answer at each step until the condition n = zero is recognised by the 

clerk. At this stage he puts the cumulative answer into the final answer 

column and stops the operation. 

If x were to be divided by n, the clerk could be given another 

program (list of instructions) to'follow. In thi8 casehe: w6Uld be 

asked -to -sUbtract-repeatedly n'froM X, counting bacii.atem until the 

cumulative answer went negative. In this case the counter column con-

tains the answer, the remainder being the last but one entry in the 

cumulative answer column. 

With the aid of these two programs, the arithmetic prowess of the 

clerk has now been extended to multiplication and division. If he is 

now given a program for the solution of a more complex arithmetic program, 

rather than write out the whole of each multiplication or division process 

in the program, the orders multiply or divide can be given at the appro-

riate points. He can refer to the mechanism of these himself. This 

saves time, in writing out the program for him to follows If he could 

be taught to multiply and divide in the more normal manner, this would 

save him a lot of time in executing the program. 

In summary, any mathematical problem which can be solved by arith-

metic means, will break damn into a program of simple arithmetic in-

structions. The execution of these demands an ability to follow the 

instructions sequentially and do very simple arithmetic al.ddiscrimin-

ative operations. 

1.2 Digital and analo&ue computers 

Like the clerk postulated above, an electronic computer:can perforM 

only simple operations in the order laid down by a of

A computer's' whole virtue lieS'in the speed and accuracy with which it 

can carry -out such operations. These qualities' are its'onlylsuPerhuman" 

aspect. 



There are two types of computer: analogue and digital. Two 

examples of simple analogue devicos are the speedometer in a car and 

a slide rule. 

A speedometer translates the revolution's per minute of a car's 

wheels into electrical energy and then into the 

of a pointer on a scale,marked 111 0 P 0 h 

echanical displacement 

The slide rule has its length rked off in numbers spaced logar-: 

ithmically. To multiply two numbers, distances analogous. to the log 

arithms of the numbers are added together. 

Two examples of digital devices are the odomete 

abacus. 

An odometer counts the revolutions of a car's wheels 

earing).on a digital counter. This is marked in miles. 

With an abacus,. beads are moved from one end of a wire to the 

via suitable 

other for the purpose of adding. Each bead represents unity nrCthe 

wire and each wire represents some multiple of the wire above it. 

It will be noted that in the case of the analogue devices,:their 

accuracy is determined entirely by how well they are made and how clear;,

their. scale can be read. In the case of the digital devices, there 

no doubt about their answers. Were there sufficient "places" on an 

odometer, the progress of the car could be measured in feet pr eyWl 

inches., 

:Some points should be mentioned at this'8tage. 

The accuracy of an analogue device depends 

of its manufacture. 

The accuracy of a digital device depends on the number:nf. 

digits (or places) which can be held inside it. 

An analogue device measures quantitie 

A digital device ounts quantities.`'" it i 



An analogue computer is well suited to the solution of differential 

equations. The constants in such an equation can be simulated elect-

rically in terms of inductance, capacitance and resistance and the 

accuracy of the answer is good enough for many engineering applications. 

A digital computer is suited: to any problem that can be solved 

numerically but will generally take longer than an analogue machine 

to solve problems in differential calculus. 

The I.C.T. 1 900 is a digital. coMputer and from here onwards, no 

'farther thention'Of'analogue comPuter6 will be made. , . 

i 3 The choice of a numerical szLat

.3.1 General 

If a computer is to' perform simple arithmetic, it must be able 

to remember numbers. To hold decimal digits, we need an electrical 

device with ten. separate states in order to represent any of the numbers 

0 to 9. It is simpler and cheaper to use two-state components. A 

switch or a relay is either open or °lased and has no half way state, 

and a valve or transistor can be used with greatest speed and simplicity 

by switching it between its fully conductive and out off states. Two-

state devices such as these are useless for the direct expression of 

decimal quantities and so, inside the computer, numbers are represented 

in binary form. 

1.3.2 The binary, system 

In the binarY Vstem the riumber 2 fulfils the same fanption as does 

14 



the number 10 in the decimal system, With'the decimal system the 

digits are represented by the numbers 0 to 9. As the binary system 

works in powers of 2, only two digits are required: 0 and 1. These 

two values can be represented by an electrical or an electronic device 

being switched to its 'on' or off' state. 

The binary number 10110 represents.; • 

x 24. 1- 0 x 23 + 1 x 22 1 x21 0 x 20

or, in decimal 16 + 4 + 2 0 which i.s equal to 220 

The radix of a system 

As is well known, the decimal system is based on the number 10, 

is now seen, the binary system is, based on the number 2. The 

number on which a system is based is called the radix ( pl radices). 

There are other systems than decimal and binary in common usage, e.g. 

the weight Xst Ylb Zoz involves the radices 16 (bzs to lbs) and 14(lb 

to st). 

The sum of money.EX Ys Zd involves the radices 12 (pennies 

shillingOand 20 (shillings to pounds). The above are both exa 

of mixed radix numbers. 

In a binary computer, all mixed radix numbers are often broken 

down into terms of the lowest denomination e.g. Sterling may be broken 

into halfpennies before any calculations are done on it, and then 

converted back into d. before obtaining an output from the com-

puter. 

1.3.4 Binary decimal relationship 

The decimal value of each digit of a binary number is 

and these valuesare added to give the decimal equivalent. 

t g 1011010012 = 

worked out 

e (1 x20
3

+ 1 x2 1 x2 + 1 x26 + 1x2 
) 10 

(1 8 32 4 256 
)1 0 

3611

/5



The suffixes 10 & 2 denote the radio 

To obtain the binary counterpa 

shown below is carried outs 

180
21161 

2) _22 
2)212 
2) 22 
2 
2 
2 
2 

mainder 1 
0 
0 
1 
0 
1 
1 
0 

of the numbers. 

decimal number he pro 

The answer i.s the remainder column reading from bottom to top 

3611 0 = 1 011 01 001 2 

1.4 Logic elements 

1 4.1 General

A binary number may be represented inside a computer in three forms: 

serial, parallel, and a combination of the two. When represented in ser-

ial form, the bits (binary digits) are represented by a chain of pulses 

passing through a circuit one after the other, and when represented in 

parallel firm 'reach bit in a number has a separate channel allocated to 

it. 

In a serial computer there is always an elec ronic,clock and it is 

by reference to this clock that the significance of the bits of a 'serial 

number in any part of the computer may be determined. The significance 

of the digits of a number,represented in parallel is determined in quite 

,a different manner, and depends upon which one of.the n separate channels 

is. allocated to it. 

Several basic circuit elements have been designed for computers, but 

in order to orientate the reader toward the I.C.T. 1900 range, two of the 

1/6 



elements used in the range will be used in the following examples. 

These are the NOR and the single entry bistable. 

1 

It was mentioned in section 1.3.1 that binary data may be 

represented by the fully conductive and out-off states ̀of a 

transistor. This has resulted'in data voltages being referred

to as positive and negative. Such terminology is very useful 

but is purely relative, and in the 1 900 series for example, 

corresponds to voltages of OV and -6V respectively. 

.4.2 The NOR element 

The NOR, element is a multiple input ate followed by an inverter 

and is arranged as shown below. 
9-v 

INPUT 1 

INPUT 2 

INPUT 3 

Consider first the effect of INPUT 1, 2 and 3 upon the voltage 

level at point y. 

INVERTER 
y_

 0 OUTPUT 

If any inputsare positive their diodes will conduct and point y 

will also be positive: any negative inputs will not effect the output 

because their diodes will be cut off. The only time that point y can 
• 

e negative is when all of the inguts are negative. 

and INPUT,2i:ind INPUT 3 negative .. T. is negative

INPUT 1 or 

Because of its a tion2 .euch a diode configuration is referred .to 

as either a negative AND-gate or a positive OR-gate depending 'upon its:

logical 'application. 



To complete the NOR element the gate is followed by a single 

transistor inverter whose output is positive for a negative input and 

vice-versa. So, with inputs which are active when positive neither 

INPUT 1 nor. INPUT 2 nor INPUT 3 (i.e. all inputs negative) make 

OUTPUT positive. 

The overall effect of the NOR element 

INPUT 1 and INPUT 2 and INPUT 3 negative .... OUTPUT is positive 

INPUT i or INPUT 2 or INPUT 3 positive . . OUTPUT is negative. 

In Order to simplify logic drawings the NOR element is represented 

by the symbol shown below in the 1900 Series. 

inputs, 0°- 1 
t 

ou 

1.4..3 The single entry bistable 

The single entry bistable is arranged as shown below. It gains 

its name from the fact that there are facilities for one pair of 

inputs only. 

INPUT 

INVERSE INPUT 
bistable 

 a OUTPUT 

INVERSE OUTPUT 

0 POSITIVE STROBE 

INPUT may be either positive or, negative and INVERSE INPUT is, as 

its name implies, in antiphase. The two small circles are positive 

AND-gates and their outputs are negative except for the time that 

POSITIVE STROBE goes positive. At that time either INPUT or INVERSE 

INPUT, depending upon which is positive, is gated through to the bistable. 

The bistable is triggered by positive inputs only and its outputs take 

up the states of the inputs at, the time of the strobe. Since the 

bistable only experiences a triggering input at the time of the strobe, 

its state remains unchanged between strobes regardless of changes in input. 

1/8 



TO simplify logic drawini i the bi table and its input gates are 

x•epresented:by the symbol shof7n below. 

strobe 

inputo—  -1.0 output 

inverse input- inverse output 

Bearing in mind the characteristics of.the above two elements, 

the following two examples of serial and parallel logic will easily 

be understood. 

1.4,4 A method of storing and transferring numbers serially 

The binary number in this example is taken as, being six bits in 

length, each bit being represented by the Presence (1) or absence (0) 

of a pulse one microsecond in length. The whole serial number is 

represented by a train of pulses six microseconds in duration 

recirculating around the circuit shown in Diagram 1. 

Input 

A timing diagram for the input of information is shown, in.

Diagram 2. The six bits of data present at INPUT during the 

time of INPUT GATING WAVEFORM are gated through NOR 1 as 

shown in the timing diagram. The delay line may have some 

information already circulating from a previous transfer so, 

as the new information enters from NOR 1, any old information 

is erased by applying NOR 4. (inverse INPUT GATING WAVEFORM) 

to NOR 3. NO, i output emerges from the delay line just as 

NOR 4. returns to its negative state and so will circulate 

unimpeded, the circuit acting as a six bit store. 

Output 

OUTPUT GATING WAVEFORM is normally positive. If, -at an 
appropriate time it is taken negative for 6 microsebonds, 

copy of the delay line s content will emerge at OUTPUT. 



1.4.5 A method of storing and transferring numbers in parallel 

The binary number in this example is again taken as being 6 bits 

in length, but this time it is stored in the six bistables shown in 

Diagram 3, 

The six inputs have no effect on the bistables until STROBE is 

applied. At the time of STROBE, any positive inputs are gated onto the 

bistables' upper inputs making the corresponding outputs positive. 

Any negative inputs present are inverted in the NOR elements and are 

gated by STROBE onto the appropriate bistables' lower inputs again 

making the corresponding outputs positive. 

The content of INPUT is thus stored in the bistables and is avail-

able at OUTPUT. Any changein INPUT will have no effect on OUTPUT 

until a further STROBE_is 

These typical circuits serve to demonstrate two points: 

the serial circuit is slower than the parallel 

circuit because it takes .6 bit times to deliver 

or accept a 6-bit number whereas the parallel circuit 

accepts or transmits all its bits simultaneously in 

a time governed by the speed of the circuit elements 

(typically less than ills); 

the parallel circuit uses more circuit elements than 

the serial circuit because it provides one data path 

per bit. 

Serial computers are normally cheaper than parallel computers, but 

are at the moment slower. If the bit time of a serial machine could be 

speeded -up to fractional microsecond speeds, a. serial machine could 

be made comparable to present parallel machines, 

It is futile at the present time to speed up 4preciably the °Ir.-

cuitS, of parallel machines because storage at present available 



(discussed in 1.9) cannot take in or give out information at sufficient 

speed to take advantage of extra speed in a parallel machine. The I.C.T. 

1900 is a fully parallel machine in which a 24,bit number can be trans-

ferred from one bistable register to another in less than 1 microsecond. 

1.5 The make-up of a simple cm' 

1.5.1 General' 

To solve a complex problem or a large number of similar simple 

problems, the clerk originally postulated would need written Instructions 

and a sheet of paper on'which to write any intermediate and final answers* 

In order that an electronic oomputer may perform the same functions it . 

requires: 

a) a store for holding instructions and answers; 

b) an arithmetic unit for carrying out any necessary multiplication, 

addition or division; 

c) a control unit to interpret the instructions and move data 

between the store, the arithmetic unit, and input/output devices; 

d) a means of getting information into and out from the computer, 

e.g0 a paper tape reader and punch* 

Diagram /4. shows a simple computer in block form incorporating the 

above units, and the following sections deal briefly with the content of 

each block and with the way in which they work together. 

1.5.2 The store 

The store is equally divided into addresses and each address contains 

a number.of bits. The addresses are numbered from nought uRto, in the 

case of modern computers, many thousands* Any one of the storeaddresses 

can be selected electronically 

The content of each address is called avord (rather than a number 

and is typically between 20 and50.bits in length* The 1900 range for 



instance has a word length of 4 bits and a store capacity of between 

4096 (212) Sand 32,768 (215) words. The bigger the store capacity, the

more expensive is the computer. A store of 4096 words capacity would 

be addressed from 0 to 4095. 

The program of instructions is fed into the store via the input,

device and stored in consecutive addresses. 

Each instruction basically contain • 

14 a function part which tells the, computer what arithmetiC 

transfer or input/output operation to perform, 

an address part which tells the computer at which address 

the data relevant to theinstruction is stored. 

The data is then fed into store locations referred to by the address 

parts of the instruction. 

When program and data are stored the computation can start. 

1.5.3 A computer instruction 

Before seeing how a computer runs through a program, it is as well 

to understand more of the make up of a simple instruction. As already 

mentioned, an instruction specifies what operation is to be performed 

(function part) and where the data on which the operation is to be °arr-. 
ied out is stored (address part)•. It'is required for ease of programming 

that besides being able to do simple arithmetic, the computer should also 

be able to carry out transfers, input/output control, sign testing, radix 

conversion, etc., For this reason, upwards of one hundred instructions 

are common on modern computers. A seven bit binary number gives 128 

different instruction codes. If in a hypothetical computer of 24- bit 

word length the code for transfer store to arithmetic unit is 1100011 

and the content of store line (address) 33 is required in the arithmetic 

unit, the instruction to implement this is:-

110001100000000000100001 

function address 

(33) 



i.e. transfer content of store line 33 to arithmetic unit. It can be 

seen that the above instruction looks exactly like an operand. The 

job of the control unit is to separate instructions from operands, 

break down instructions into their separate parts and act upon them. 

1.5.4 The control unit 

The main components of the control unit are;, 

a) a control register which contains. the Control address this 

usually increases by'unity after.each instruction so that the 

next instruction may be read from store when required; 

circuits which decode the function part of an instruction and 

set up the computer to obey the instruction; 

circuits which decode the address part of the instructions 

.in order that the required data can be read-from the appro-

priate store address. 

1.5.5 The arithmetic unit 

The main components of the arithmetic unit are: 

a)' an adder (or adders in the case of a parallel computer); 

b) one or more single word stores into which operands may be 

transferred whilst being operated upon by the arithmetic unit; 

facilities for shifting operands left or right in the stores 

mentioned in b) for such purposes as multiplication and division. 

o) 

145.6 Input and output 

Data is fed into a computer via such media as punched lAper tape, 

punched cards, and magnetic tape. Output is obtained on the same media 

and, in addition, may be obtained directly in printed form on devices 

which print out a whole line of characters at a time. 

.No more need be said of.input and output at this stage, but the 
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subject will be discus d in more. detail in sections 1.11. and.i 

1.5.7 The relationship of control arithmetic unit, and store.

An easy way to gather insight into the 
•44 

arithmetic Unit,and store Work together is 

program;uadd x to ?and place the result in 

Assume that; 

a) operand x is in store address 

b) operand y is in store address 244: 

c) the answer is to be placed. in 

Three instructions a.re required 

a) transfer the content of 

unit, 

wary in which the control,-

a run through the short 

the store.' 

store address 5, • 

b) add the content of store address 4. (y) to the 

arithmetic unit, 

transfer the content of the arithmetic unit 

address 50 

) 

o the arithmetic 

content of the 

(x y) to store 

Asstime that these instructions are located in store lines 0, 

and 2. 

All-the paths taken by operands, addresses and instructions in the 

following examples are shownin D9agxam4 The control unit does the follow-

ing. 

First instruction 

Sends the control address (equal 

to store selection. 

b): Receives the cell-tent of 

0) from the control register 

-es 0 (first instruction) and 

Separates the function and addreSt parts. 

,Appliea.the-4ddress Tart of the instruction to store 

thus selecting store line 3, 

selection 



d) Decodes the function causing the content of store address 

3 (x) to be, transferred to the arithmetic unit. 

e) Unity is automatically added to the control address in order 

that the next instruction may be had from store. 

Second instruction 

Sends the control address (equal to 1) from the control 

register to store selection. 

Receives the content of address i (second instruction) and 

separates the function and address parts. 

Applies the address part of the instruction to store selection 

thus selecting store line 4.. 

Decodes the function causing the arithmetic unit to add the 

incoming operand (y) from store address 4 to its present con-

tent (x). 

Unity is automatically added to the, control address in 

that the next instruction may be had from store. 

Third instruction 

a) Sends the control address (equal to 2) from the control register 

to.store selection. 

Receives the contents of address 2 (third instruction) and 

separates the function and address parts. 

Applies the address part of the instruction to store selection 

to select store address 5. 

Decodes the function causing the content of the arithmetic unit.

(x + y) to be transferred to store address 5. 

Unity is automatically added to the control address in order 

that the next instruction may be had from store.. 

1.6 Jump instructions 

It has been stated that the instructions of a program are placed in 
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consecutive store addresses order that they may be selected in sequence 

by control. For a variety of reasons, it is sometimes necessary to break 

the sequence and jump to another control address. This is done by in-

jecting the address to which it is required to jump into the control 

'register. .The control register then carries on counting fro the new 

control address as normal. 

There are two types of jump: 

a) unconditional, 

b) conditional. 

The first type is initiated by an instruction of the type "jump t 

address N" and the second by an instruction of the type "jump to address • 
N if certain conditions are met". These conditions may be that an inter 

mediate result has gone from positive to negative, exceeded a certain • 

value, become zero, etc. 

The computer would be programmed to "look" for this condition ande 

if it happened, jump to an alternative part of the program. The condition 

al jump is necessary in every problem a computer encounters. 

1.7 Address modification or indexin 

In some types of application it is necessary to repeat the same, 

program several times using different sets of data. An example of thise 

would be the working out of a company's pay cheques. Each individual's 

gross salary is different, but the computation to arrive at his nett 

salary is standard (with due apologies to all salaries departments). It, 

is desirable that the same program can deal with each salary computation, 

but that each time the program is repeated the address parts of the in-

struction may be modified or indexed to select the part, of the store 

containing data applicable to the current case. Both the terms modifier 

• and index are in current use, the former in Briain and the latter in the 

:'United States and Canada4-



Looking back to the three instructions described in, the latter 

part of section 1.5.7, if between steps b) and c) a modifier is 

added to the address part of the instructions, then the data will be 

selected from a different store location to that specified by each 

instruction. 

Most computers have several special registers in which modifiers 

are stored. Part of the instruction coding specifies one of these 

registers and the modifier is read out and added to the address par 

of the instruction just before it is applied to the store selection. 

Taking a computer of 24-bit word length, 100 instructions, and 

modifier registers, the instruction might be made up as followS: 

function modifier address 

7 bits 2 bits 15 bits 

The control unit decodes the 2 bits specifying the modifier 

register and if both bits are zero, no modifying takes place. With:.- 

values 1, 2, or 3, the content of the appropriate modifier register 

is released and used in the manner described above. It should be' 

noted that when'modifying takes place, the address part of, the 

instruction in the store is in no way altered. 

1.8 Multiple address instructions 

So far, each instruction has quoted a single store address and 

an operation such as an addition has required three instructions, 

i.e. two to bring out the operands used in the addition and one to 

place the answer back in store. More sophisticated computers can 

accomplish this with one instruction. 

It is common to have additional regiSters called accumulators and 

use these to hold operands in the course of a calculation. A program :

in the I.C.T. 1900 for example, has access to 8 such accumulators and 

these are the first 8 locations of the program9s store area. 



The 1900 range in 

ifier and accumulator address. n exam 

of this type is: add the content of N to 

and place the result in N (or in X). 

Two addresses are involved. this type of i 

puter capable of this sort of work is call 

The I.C.T. Orion 

and is capable of ins 

add the content o 

function, address, mod-

of as  ruction typical 

he content of accumulator X 

truction and a com-

att o address machine. 

mputer is an example of a 

tions of the tyPe: 

the ontent 

hree addresa Machine 

Clearly there are more ;steps involved in performing instructions in 

a two or three address machine and as a result of this, central control 

is much more complex: so much so, that in the cases of both the computers 

just mentioned, a program called the microprogram is used to guide central' 

control through the operational sequences necessary for each instruction. 

The microprogram is not a program kept in the computer's store, but is 

made up of a complex series of logic elements. 

The main advantage of multiple address machines 

are saved much of the tedious work involved in shifting 

out of the arithmetic unit. 

1.9 Forms of storage 

1.9.1. General 

It has already been shown in section 1 how information can be held.' 

in a delay line or on a series of bistables. This is' a form of storage. 

There are several types of store in current use and these 

.lines various forms of, magnetic store, and bistables.. 

1.9.2 Delay lines 

Delay lines have been u he ntral store in some:serial' 



• machines. In the Pegasus computer for instance, the central 

consists of 64 one-word delay lines, any one of which can be 

Delay lines are extensively used as single word registers in 

computers. The content of a delay is lost when the computer 

off. . 

1.9.3 Magnetic drums 

store 

selected. 

serial 

is switched 

Magnetic drum storage is quite cheap and is generally used as backing 

storage to a main store. If a program is too large for a computer's main 

store, it may be placed in the drum store and transferred down to the 

main store in sections as required. The drum is coated with a magnetic 

material and rotates at high speed (2000 - 6000 rep.m). Stationary heads, 

similar in principle to those in a tape recorder, are located one or 

two thousandths of an inch from the drum's surface. Each of these heads, 

which can be selected electronically, cover a small slice of the drum. 

This slice is called a track. 

Each track is divided into sectors each of which hold several 

words and special tracks permanently recorded on a drum's surface tel 

the computer.which sector of a drum is under a head at any particular 

time. By selecting a head, information may thus be transferred to or 

from addressable sectors on a arum's surface. Information fed to a head 

results in magnetisation of the drum surface and this can only baremoved' 

by further "writing". Information on a drum is not lost if the computer

is switched off 

1.9.4 Magnetic tape 

Magnetic tape,used in computing is 2 or 1 inch wide by 2,000 to 

4,000 feet long. Sixteen recording or replay heads can be accpmodated 

across a 1 inch tape, some being used for recording or playing back data 

and some for purposes of control. 

A tape may be divided longitudinally into blocks, and in order that 

any particular block may be located, each block is proceeded by some sort 



of marker. Specific blocks may be found by counting markers from the 

:beginning of a tape, and some systems improve on this method by prc-

Ceeding each block with an address, the blocks being addressed consec-

utively from the beginning of a tape. 

Magnetic tape, due to its low cost and enormous capacity, is one 

of the most important storage mediums in use at the present times`

1*9.5 The disc file 

The; disc is similar in principle to a drum, bUt by using several 

rotating discs mounted a few inches apart on a common drive shaft a

much larger surface area is obtained and hence more storage space. 

Eaoh disc hasflying heads mounted near to both of its faces, an 

these heads can move radially under the control of a servo-meChanisme 

The'disc is'addressed in much the same way as a drum but in add ., 

ition to head and sector addressing, the position of each head (which 

can be moved over any one of a number of tracks) must also be addressed. 

An example of a disc file is the one produced by Data Products. 

It has up to four disc units each with up to 16 discs. Each disc has 

8 heads which can be moved collectively to any of 64 positions. 

disc has 256 tracks on each surface t4. heads x 64 positions on both.top-

side and underside), the outer 128 tracks being divided into 16 sectors 

(the outer zone) while the inner 128 tracks are each divided into 8 

sectors ('the inner zone). A sector contains 1446 bits of data preceeded' 

by a 17 bit record identification. 

Each diso unit has, in addition to its 16 data discs, two control 

disos which contain permanently recorded sector address information and 

a clock for writing and control purposes. 

In order to locate a sector (or record 

21-bit address must be supplied: 

on the files the following 



4, 
Pari-Y--• 

read next 
sector 

head (8) and 
sector (16 or 8) 

head (0.) 
position `  '

, 
disc (16) and 
unit (4) 

1.9.6 Bistables 

These are used extensively as small 'stores in serial and parallel 

machines. :They are more expensive than delay line0;_one biet4b1.0,;belg 

required per bit. They -do however haVe alvery fast ;access time, compared 

with delay lines. 

1.9.7 The magnetic core, store 

General 

Magnetic core stores are used in all modern computers with 

large central stores achbit is stored in terms of the two 

remanentstatesOfMagnetisationofa square B/H characteristic 

magnetic toroid 

Cores 

A toroid or core may be magnetised in either direction by 

passing current through a wire threaded through the core as 

illustrated in Diagram 5,. The B/H characteristic of the mat-

erial used in the core is as shown in Diagram 6. 

The two states of remenance of a core are arbitrarily labelled 

the "0" and "1" states.- A magnetising current of lm or -Im 

will switch the core td.the "0" or 1,1r state 'respectively, but 

lesser currents such as In/2 will have no" effect becaUse they 

do not produCe,sufficient-magnetising force ,to'overcome the 

coercivity of thAm4terial., The importance of this character_

istic Of the material will become,apparent in'the next section. 

Addressing and reading cores 

If a number of cores are arranged in a matrix as shown in 
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diagram 7 with X and Y wires threaded through them, any 

particular core may be selected by addressing the two 

appropriate X and Y wires. The wires may be selected by 

decoding binary addresses applied to the store selection 

electronics. 

Current pulses of Im/2 simultaneously applied to the chosen 

X and Y wires result in a magnetising current of Im linking 

with the core at the intersection of these two wires. This 

core will take up the "0" state, and if it were previously 

in the "1" state, the flux will change direction. If however 

it was already in the "0" state, there- will be only a slight 

change in flux* A third wire called the read wire is threaded 

through every core in the matrix and a voltage is induced in 

this wire when "1" is read from any address (X Y intersection) 

in the matrix. 

It should be noted that the only core affected by this read 

cycle is that at the intersection of the selected. X and Y 

wires. Other cores on the two wires experience magnetising 

currents of Im/2 but,as already mentioned, this is insufficient 

to change the remanent state of the material. 

In order to store an n-bit word, n such matrices are requited 

with their respective X and Y drive wires connected in series. 

Each such plane has one read wire. 

-'Regenerating the read down information 

At the conclusion of the read cycle the selected core in each 

plane (or matrix) of a store has been switched to the "0" state. 

Had it previously been a "1", then in order to retain the 

information in the core store address selected it must be 

written back immediately For this reason the read cycle is 

followed by a regenerate cycle. 

Regenerating a "1" 

During the regenerate cycle the selected X'and Y drive wires 



have a reverse current 2 applied to theme The 

rrent of -im 

which is sufficient to return them to their "1" condition. 

at their intersection thus have a magnetising c 

Regenerating a -"0" 

In order to prevent the reverse current of -10 affecting 

cores which were read as "0"s9 all the cores in each plane 

are threaded with a fourth wire called the inhibit wire. 

a "0" was read, a current of Im/2 is applied to the inhibit 

wire coincident with the write cycle X,Y drive currents. 

total magnetising current linking with the selected core is 

then -Im/2 -10 +10 = -Im/2. This is insufficient to switch 

the core from the "0" condition. 

Writing to a core store 

The 

A write is always preceded by a read, the read erasing the 

store address's previous content by filling it with "0"s. The 

technique of writing in information is similar to that of re-

generating, the difference being that the inputs applied to 

the inhibit wires are derived from the information to be written 

rather than from that just read from store. 

A section of a plane of a core store matrix is shown in Diagram 

8 complete with all necessary drive, read, and inhibit wires. 

1.9,8 Speed and capacity of different forma of storage. 

It would be ideal to have the whole of a computer's store as fast 

as possible. Unfortunately, fast, high eapacity stores are very expensive. 

A common compromise is a several thousand word core store backed by a 

drum store. On calling for information inside a store, the location of 

the information must be specified. The time which elapses between sel-

ecting a store location (address) and the information being available is 

called the access time. In the case of a drum for example, the average 

access time is the time taken for the drum to turn through half a revol-



ution. This is normally -still several milliseconds. When the information 

is under a drum's read head it.can be read off at speeds comparable to 

a fast core store. 

A simple 'computer is at a standstill for the period of the access 

and it is better to transfer whole blocks of consecutively addressed in-

formation than randomly located words to or from a drum store. This 

applies equally to magnetic tape, delay lines, etc., 

The table in Diagram 9 assumes words 241aits in length, but it must 

be emphasised that the times are not very accurate, and are only provided 

for comparision. 

1 b1.O The wordform of a number., 

1.10.1 General. 

Up to now it -has been assumed that numbers are represented in a 

computer by their true values. This is true only in part and some 

convention must be arrived at whereby the sign of a number can be repreS7

ented, and whereby fractional values can be represented. 

It is. important that the sign of a number can be tested easily as 

in many processes of arithmetic, sign plays an important role in indicating 

when a process has finished or when a change of tactics is required. 

A convention has been arrived at whereby the most significant digit 

is used as a sign bit, its presence or absence indicating whether a number 

is negative or positive respectively. A negative number could be repre-

sented merely by adding a sign bit to a positive number, but it is pre-

ferable to represent it by taking the complement of its positive counter-

part. To subtract A from B we can then merely add the complement of A 

to B: this calls for just an adder in the computer rather than an 

and a subtractor. 

adder 

Working inside a six bit -framework the complement of the binary 



number 0 0 1 1 1 0 is: 

0 0 0. 0 0 0 

1 1 0 0 1 0 

Remembering that the most signifiCant bit is a:.sign bit and has 

a negative value: 

0 0 1 1 1 0 

and 1 1 0 0 1 0 

The three main forms-in which numbers' are stored inside a computer 

:are as integers, fractions ,and floating point quantities., 

1.10.2 As a signed integer. 

The word is looked upon as having .a. binary point immediately; b 

the right of the least significant digit. Taking a six bit word, as 

example, the values of its bits are: 

B5 ' B)+ B3 B2 B1 BO 

-2 5 
2
 4 2 

3 22 21 20 

It. has already been shown that a number A is 

ative number by its complement. Another way to arrive 

of a binary number is to invert it and. add. one. 

For example: 

take 14 

invert it 

add one 

0 0 1 1 1 0 

1 1 0 0 0 1,

answer is -14 1 1 0 0 1 

represented "as a neg-

at the, complement 
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This is very useful because it presents an easy way of farming the 

complement of a number by electronic means. 

1.10.3 As a signed fraction. 

The word is looked upon as having .a.binary point between the most • 

and second most significant places. The most significant digit when 

present has the value - 1. 

are: 

Again taking a six bit word as an example the values of its bits 

B5 1524- B3 B2 B1 BO 

-2
0 

2
-1

2 2-5, 

IG

The negative fraction is known as the 2s complement because it is 

the complement of the positive fraction with respect to 2. As with 

integers the complement may be arrived at simply by inverting and adding 

this.timel the smallest possible fraction to it. 

Example: 

Take 
1G 

0 . 0 1 1 1 0 

invert 1 . 1 0 0 0 1 

add smallest fraction .0 . 0 0 0 0 1 

a

gives 

+

7 
144, 

1 . 1 0 0 1 0 

This is useful for the same reasons as with integers. 
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As a floating point number. 

With integral and fractional representations 

can be represented given an n bit -word is: 

2
11-.1 +2n-1 integer

and ««1.0 fraction 

• Taking a 2 bit word. as an example the decimal range that can be 

ed is 107 to 10-7. In some problems, especially those of a 

al nature,numbers-vastly different in magnitude are prese 

h numbers cannot always be kept in the range made available by 

representations and so "floating point" notation is used. 

It is common pra 

them by powers of 10. 

we write 1.25' x 10
12

ice to scale down large numbers by multiplying 

For instance, rather than write 1,250,000,000,000 

A similar technique may be employed inside a compute 

2 being used in place of powers of 10. 

A number Y is represented as:-

Y = R2
e 

where R is the argument 

e.is the exponent 

Such a number is represented internally as R and e 

understood. 

The argument is 

strioted. range:-

the 2 being.

tored as a signed fraction but lies in the re-, 

1.0 < Argument 

and „, Argument 

It can also be zero. 

The exponent is stored as a signed integer. Quite a small exponent:: 

gives an enormous range of.numberse For example, a nine bit exponent'



5 
gives numbers ranging 2

-256 
to 225 or more familiarly, approx-

mately 10-76 to 10 7

and. 

In binary the argument lies in the ranges: 

0.10000 - 00 to 0.111 - - - 11 (2 to approx.1) 

1 0000 00 to 1.0111 - - 11 (-1 to approx.-1) 

All the numbers in the above ranges have the sign bit and next 

most significant bit unequal. A number with this characteristic is 

referred to as a standard number. A computer with facilities for floa 

ing point working generally has a built in program which reduces all 

numbers to this standard form prior to any floating point operations. 

Also at the end of any arithmetic operation, the argument is shifted 

to bring it inside the range of standard numbers, the exponent being 

adjusted accordingly. This standardisation of argument and automatic 

adjustment of exponent is called normalising 

For an example of normalising, if the answer to an arithmetic 

operation prior to normalising is:-

0.0000010110 - 000 001000000 (264) 

The normalising process changes it to 

0.10110000 000 000111011 

Similarly with a negative number 

1.1111101100 - -- 000 

becomes 1.01100 - 000 

001000000 -(2 )' 

000111011 (264 - 5

In this way the argument is shifted as near as possible to the m.s. 

end consistent with being in standard form, and as many significant 

digits as possible are retained inside the framework of the number. 

As a standard argument takes the form.1.0 - or 0.1 - -

it is an easy matter for the normalising process to shift:a non-standard 

argument until the most and second most significant digits present the 

correct configuration for a standard number. 



1 Input to a computer 

1.11.1 Bootstrap 

Input to a computer may be obtained by various means, the most 

commonly used being punched cards, punched paper tape and magnetic tape. 

On first switching on a computer however, its store may be completely 

empty (or full of rubbish which amounts to the same thing) and, as, an 

input device may only be activated by programmed instruction, there must 

be some way of getting a simple program into the store which can control 

the inputting of further information. 

This simple program is often called a bootstraP and the way in 

which it is entered into a computer varies with different computers-

For example, on the I.C.T. 1900 there are two switches which, when 

operated, cause control waveforms to be set up inside the computer which 

make a paper tape reader read in 128 characters off a paper tape containing 

a bootstrap routine, into the first 32 lines of.the store. 

This action is controlled by the computer's logicand rpquires no 

guidance from previously stored instructions. 

1.11.2 Punched paper tape as an input medium. 

In order-to demonstrate how instructions and data .are put into .a 

computer, the use of paper tape will be dia&ussed. 

Characters are readily represented by the presence or absence of'. 

holes in a row across a piece of paper tape. The more holes there are 

across the width of the tapeYthe more'tharactera may be repreSented, 

and tape codes are in use having 5, 6; 7 and 8 holes. As the range 

1900 at present uses 8 hole tape, the other types will not be discussed. 

Program and data tapes are prepared on a tape editing set which 

consists of an electric typewriter, a paper tape punch and 'a papertape 

reader all of which are interconnected. Information,' typea out can'be 



simultaneously punched out on paper tape in standard I.S.O.A.S.A, 

seven bit code. The eight hole is used for parity checking which will 

be discuSsed later. 

The typewriter keyboard may be represented on the paper tape and 

in addition to the keyboard characters, additional codes are punched 

out for such functions as carriage return, tabulate etc. 

It will be recalled that an instruction is made up. of a function-

part and one-or more address parts and in order to prepare a program on 

paper tape, a series of instructions is typed out. For example, if a 

programmer wishes to carry out an instruction of the type: transfer 

the content of line 562 (modified by the content of accumulator 2 ) plus 

the content of accumulator 4-to acoumulatOr 4 2 he might type out the 

following: 

001 

where 001 is assumed to be the function code- for the particular instruct-

ion. 

0n:.the, paper tape the fpllowlng characters would appear in sequence 

in coded form. 

Carriage Return 

New Line 

Tabulate 

0 

0 

1 

Tabulate 

. 4 

Tabulate 

2 

Tabulate 



-1, be appreciated while th characters on the tape are • 

presentatiVe of decimal nUmbers, the computer deals only in binary 

quantities. In order nvert the decimal i .tru.t into 

and binary data, there has to be an assembler program inside 

computer and this is designed to read in tape, recognise the varl 

characters and act accordingay. For example, the cart 

line tells the assembler program that the previously read 

is fully read in, and that the information following these characters 

is to be read into the next store locationa' the next instrue .on 

in the program. 

The numbers on the typewrite Jiard ha adirect rel.-,

to the value of the binary- coded punch tape r1 

0..tb' 9 are p nched out as shown in Diagram 1 

Ignoring bits P and L, it can be seen that the binary value punched 

n tape'is always 48 greater than the value of see nuMber reps es rated„ 

It  simple to remove this extra 43, but the r -anibe.r is il hot 

reot form. Taking the address part the -nstruction instruction as an ere. 

can be seen that.the computer willread in binary 6 .0,171d 

binary 2. It wants binary 562. The assemblerTwogram earra s o 

radix conversion on the binary coded decimal number in the following 

manner. 

Take 101 (5) 101 

Multiply it by 1 01 0 (1010) = 11 0010 

Store answer in X 110010 to X 

Take 110 (6 110 

Add it to the content of X 110010 r11 0 111 000 u
10
, 

Replace content of X by 111000 111000 to X 

Multiply content of X by 1010 1010.111000 1 00011 0000(5601 0) 

Replace content of X by f000110000 

Take 010 
(210' 

Add it to the content of X 1000110000+010 

Replace content of X by 10000110010 

Answer is a..n X . 562 in binary, 

1 0001 1 0000 to X 

010 

1 00011 0 i o 0 o62 



The different parts of the instructions are formed by the assembler:, 

program into a complete instruction in binary form and this is placed 

into the store addreSs selected by control. The control starting address 

is initially set up by information punched out at the front end of the 

paper tape. 

P 8c L bits 

P is for parity, With eight hole tape, arranged that One of 

the bits is used to make up the total, number of bits in the character 

to an even number.'', As the tape is'fed into'the-tape'reader, the parity 

of each character is checked. If there is an odd number of holes in a 

character the tape reader "parity fails", indicating invalid information. , — 
As the most common fault in .tape punching and reading devices is the 

dropping or gaining of one hole fraMa character, parity is a very,,. :

powerful check of validity., 

L is for location. The location hole informs the tape reade 

a character is in position to be read. 

1,-,12 Output from a computer 

1.12.1 'General 

Output from a computer is in many ways a reverse process of input. 

Data exists inside the computer in binary form and it must be broken 

down into binary coded characters prior to output. This is done by 

another section of the assembler program. Like input devices, output 

devices include punched cards, punohed paper tape and magnetip tape, but 
= 

in addition to these there are devices which 'print the finished result 

directly on paper. Output printers exist in various forms. The simplest 

is the electric typewritet and this is normally used to monitor the 

progress of a computation rather than print out the results. A program-

mer may arrange for his program to give a short print out every few 

minutes as an indication of the way it is running. More ambitious out
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put printers are line printers and Xeronic printers. • 

1.12.2 Lin pr hers 

The Anelex is an example of a line printer and uses 120 print 

wheels mounted side by side on a common axis. Each wheel has 6o char-

acters embossed around its periphery* A continuous sheet of paper 

passes between these wheels and a set of 120 hammers - one for each 

character position. 

The print wheels rotate together at high speed and the hammers, 

activated by information from the computer, strike as the letter to be 

printed in that character position comes opposite the hammer. Interposed 

between the paper and the print wheels is a sheet of inked material, 

and as the print wheels rotate, first any A's in the line and then any 

B's etc., are printed until the whole line is built up. 

The paper is then moved and the next line is printed speeds of 

to 1200 lines per minute being obtained0 

1.12.3 Xeronic printers 

At the centre of the Xeronic system is a revolving selenium eoated 

drum and a cathode ray tube on which alph-nuMeric characters are formed 

as a result of decoding the computer's output. As the drum revolves 

through a full turn, the following series of events take places 

a). The drum surface receives an electrostatic Charge. 

b) Images from the C.R.T. are focussed onto the drum 

dissipating the charge where the light falls* 

) Charged powder dusted onto the drum and being repelled by 

the charged drum, sticks only on the discharged characters. 

d) The printing paper, moving at the surface speed of the 

drum, is brought into contact and the powder character 

transferred from drum to paper by applying a further charge. 

e). The powder image is fused onto the Paper by heating* 

f) The drdm is dusted off prior to recycling, 
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1.13 Internal checking of information accurac-

The value of an operand or address moving around or stored in a 

computer can change due to temporary or permanent fault conditions. 

In order to limit the possibility of a computer "making a mistake" 

certain checks can be carried out on numbers ars. they are handled. inside 

the computer. 

A very likely fault in a computer is for a ( to be lost or 

gained. It has already been pointed out how the parity paper tape 

characters is checked. In a similar way words kept in a computer store 

have their parity checked on exit from the store. As a word i.s written 

into store its parity is calculated, and in order to accomodate this 

extra parity bit a store generally has space for one bit more than the 

word length. When the word is read out of store the parity bit is also 

read out and a copy of the store's output is automatically fed to the 

parity checking circuit. If a word with an even parity bit contains 

an even (or odd in some applications) number of digits, the computer 

stops and indicates a parity failure. 

Another common method of checking information accuracy is to fore 

a check-sum of all the words in a block of information. This is common 

with magnetic tape. In this application, several hundred words may be 

transferred in a block from a computer's central store to the tape. As 

the words are written onto the magnetic tape they are also fed into a 

cumulative adder. When all the words have been transferred, the check 

sum is taken from the adder and written onto the magnetic tape immediately 

after the information. On reading information from the tape, a similar 

check-sum is formed and compared with the check-sum at the end of the 

block of information. If all is well the check-sums are identical. 



CHAPTER 2 

THE DISADVANTAGES OF A S MPLE COMPUTER 

2.1 Peni .heral seed limitations 

The nature of some computing problems leads to a. lot of time 

being spent in getting ,information into and out of a computer and not 

very much time being spent in computing. 

The list below shows the speed at which some modern peripheral 

devices will rune 

Line printer 

Punched cards, (reading 

(punching.

Paper tape (reading 

(punching 

Magnetic tape (reading 

(writing 

Teleprinter 

approximately 2000 characters/second 

11 

11 

11 

11 

boo 

250 

1000 

300 

64000 
624.000 

10 

11 

11 

11 

11 

11 

Some of these are very fast but a modern computer is several orders 

of magnitude faster than this. Such a computer may be capable of over 

100,000 operations per second. If a computer can read in a paper tape 

character in lOus and then has to wait for lms before another character 

is in position to be read, it is only using 1% of its time usefully; a 

computer which is slaNed down in this way is said to be peripheral 

limited. Paper tape punches are slower than tape readers, and the time 

wasted on paper tape output is even greater than on input* 

One way to utilise the computer's' time more eff oiently is to have" 

faster peripherals (input/output devices)., -Magnetio,tape has the-same 



speed on writing as on reading and transfer rates of the order of 1 

character every 15us can be realised with 2 inch tape. 

It is common with magnetic tape for the tape electronics to assemble 

a number of characters (or stripes) into a word prior to transferring 

the word to the computer. With the 1900 range for example, the magnetic 

tape stripes each contain six information bits and four such stripes are 

assembled into a four character, 24. bit word prior to being transferred 

to the computer. Using this technique, in the case of the 1900 range 

magnetic tape can transmit or receive .a word every 6011s. Even at this 

high speed however, 80 to 90% of the computer's time can be wasted whilst 

involved in input or output of data* 

Magnetic tape is more suitable as a store than as the sole input/ 

output medium of a computer* Paper tape is a good medium on which to 

prepare programs and data* It is cheap, and the characters are visible,' 

being easily rectified by hand. A converter would have to be used to 

transfer the information from such a paper tape onto magnetic tape, and 

unless there were several of these, the converters themselves would be-

come bottlenecks. Such a converter having computer complexity is very 

expensive. 

2.2 Improvement due to autonomous. transfers 

Some of the; time wasted due to the slowness of peripheral devices 

can be avoided by arranging for transfers-to take place autonomously. 

This technique is outlined below. 

Suppose that a programmer requires a transfer of a word from per-

ipheral X to a specific store area. Associated with each peripheral is 

a special store and into peripheral X's special store is placed inform-

ation defining the store area to be involved in the transfer. This may 

take the form of a starting address and the number of words to be traas-

ferred, or a starting and finishing address* 
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Having set up these conditions, peripheral. X is told to start 

transferring and the computer carries on with its program. Every time 

peripheral X is ready to transfer a word or character it sends a signal 

to the computer which causes it to hesitate at some suitable point, and 

the content of peripheral X's special store is used to address the main 

store at this point. The transfer between the main store and peripheral 

X then takes place. 

The transfer address is modified (in order that the next. store 

position may be selected when peripheral X is ready to do its next tran—

sfer) and placed back in the peripheral's special store. 

If, at the completion of the word. or character transfer no other 

peripherals are seeking attention, the computer then carries on with its 

computations until such time as anyperipheral is ready for a further 

transfer of information. If however the computer runs out of instructions 

it can usefully perform before a transfer is completed, time is still 

wasted. 

Ideally, when a system is designed for autonomous transfers, the 

only way in which the central processor is held up by peripheral transfers 

is that it may have to wait momentarily for access to the central store. 

The control boxes of peripherals in such a system are more complex than 

usual and contain the following additional items: 

a store for holding the transfer address (the central store,: 

address to and from which the next character or word is to. 

be transferred) and either the finishing address or the number 

of words left to transfer, 

circuits to modify the transfer address after each transfer 

and to detect when the required number of words have been 

transferred. 

A computer with provisions for the attachment of many peripherals 

is expensive using the above system, and for reasons of economy ( and 

greater.reliability through the use of less components) a simpler apprOach'. 



is often used. 

A computer's central store and processor are used to hold and pro-

cess the necessary control information, This lengthens the time required 

to transfer a word. or character to or from a peripheral and may involve 

temporary removal of operands from the central processor whilst the 

transfer address is being modified. This technique is used in the 1900 

range of computers and, as the central processor is very fast, little 

computing time is lost. 

If a program requires access to a store area which is currently 

involved in a Peripheral transfer, the program must be suspended until 

the transfer is completed. This can be done either by having the computer 

check the store transfer area of, each busy peripheral every time an access 

to store is made, or by issuing an order of the type "suspend the program 

if peripheral X is busy". This type of order would stop the program 

running until the peripheral involved had filled up the transfer area. 

The first method involves considerable additional hardware but no 

action on the part of the programmer. The second.method requires that 

the programmer is constantly aware of the store locations of any active 

peripheral transfers which he must guard against disturbing. 

Most programs gain some advantage from autonomous transfers, but a 

program with a lot of input/output, using ,a few peripherals' and not very 

much computing, can still render such a computers idle for much of its 

operating time. 

In order to utilise a computer's time as fully as possible the tech-

nique of time sharing has been evolved* The idea behind this and the 

additional problems resulting from its use are discussed in the next chap-

ter. 
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CHAP 3 

TIME 

3,1 Principles of time sharing 

ING 

The. central and backing store of a oomputer designed to work in 

time sharing may contain information relevant to several entirely un-

donnected programs. 

Such a computer is designed so that immediately it comes to an, 

"incident" it switches into a permanently resident organising program. 

This program determines what type of incident has occurred and then 

takes appropriate action. 

An example of an incident is the initiation of a peripheral transfer. 

When a program arrives at a point where it requires a transfer of inform-

ation between a peripheral and the computer, the program is interrupted 

and the organising program entered. This program arranges for the per,-

ipheral to transfer the information and then ascertains whether the 

original program can proceed. If it cannot, because it is awaiting the 

end of the transfer, the organising program makes the computer proceed 

with an alternative program. Many time sharing computers work on a pro-

gram priority system, and in the above case, the organising program would 

enter the highest priority alternative program available, 

The ideal situation with a time sharing computer is that both the 

peripherals and the central computer are occupied all the time. The 

actual situation is usually eithet 

or. 

that various peripherals are standing waiting because further 

input is not yet required or further output is not yet avail-

able, the central computer being fully occupied; 

that all engaged peripherals are working on transfers, and all 

programs are held up awaiting the completiOn of same, the 

central- computes being idle in between autonomous information 

transfers. 



Which of these situations arises depends upon various factors, 

the main of which are the type and number of programs in the computer. 

and the speed of the peripherals being used, To obtain maximum effi-

ciency from the installation as a whole, some thought has to be given 

to the type of programs loaded into a computer at any one time. Their 

relative priorities are important, it being preferable to give high 

priority to programs involVed in many peripherals transfers and low 

priority to those involved in few. With this 'arrangement .the peripherals 

are kept very busy and, if the higher priority programs are held up 

awaiting transfer, lower priority programs requiring few transfers will 

keep the central computer busy. 

A simplified timing diagram of a computer executing three programs 

in time sharing is shown in Diagram 11. The programs are arranged in 

order of priority P1, P2, and P3, and the general rules of time sharing 

may be gathered by following through the sequence of events 

3.2 Additional facilities re uired with a time sharin com uter 

Various extras are required in a time sharing computer. These are: 

a larger store than a non-time-sharing machine to 

accommodate the extra programs; 

facilities to ensure that one program cannot i 

with another; 

facilities for addressing peripheral devices in order 

that a program may have specific peripherals allocated 

to it by the organising program; 

a supervisory program to carry out time sharing organisation 

and monitoring of programs; 

a hesitation system to allow transfer of ormation;.

facilities for adding a datum to all addre 

in order that a program may be located anywhere 



datum being allocated by vtie organising ogram on 

input of a program; 

facilities ensure that no access is mad: 60 a store. 

area involved in peripheral transfer until the transfer 

is complet 

The way in which some of these facilities are realised varies from 

machine to machine Ebw they art realised in 

is explained in the  chapters,. 

1900 range of computers 
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GENERAL INTRODUCTION TO THE I.C.T. 1904, 5, and 9. 

4-.1 The 1900 series 

The 1900 series is comprised of a range of "7 computers each of 

which has been developed from the parent computer, the I.C.T. 1900. 

The computers in the series range from a single program machine with 

a minimum store size of 1+K words (where K = 1 ,024-) up to a 16-program 

machine with a maximum store size of 256K words. Allthe peripherals 

and program languages used in the range are compatible so that any 

particular installation may be expanded when necessary, either in terms 

of a more powerful central processor or additional peripheral equipment.'

Every computer in the series can work in both fixed and floating 

point mode, but whereas the 1902, 3, 4, and 6 have floating point oper-

ations directed by a program held in their stores, the 1905, 7, and 9 

have built in floating point units which give much greater operating 

speeds.. 

The range uses he I.C.T. standard interface which allows standard 

interface peripherals to be easily connected to any computer in the 

series by a standard. 76-way connector. With a minority of peripherals 

standard interface control cannot or need. not be used and special per-

ipheral controls are used Instead. 

Information about the control of peripherals over both special and. 

standard interfaces is given in Chapters 10 and 11, and. Chapter 5 briefly 

describes each peripheral available for use with mention of the type of 

interface over which it works. 

Some of the attributes of the various models in the series are summ-

arised in the following table, It will be seen that the 1904_, 5 and. 9 

fall into a distinct sub-group within the range and it is these three 
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models that are discussed collectively in this handbook. 

Series number 1902 1903 1904 1905 1906 1907 1909 

Store 

speed (-13)
6 2 2 2 

1.1 
or 
2.2 

1.1 
or 
2.2 

6 

Store (K words).

capacity 

4,8 
or 

6 

Number of programs 

and sub-programs 
with 
2 sub 

8,16 
or 
32 

8,16
or 
32 

n032 
up to 
256 

n.32% 
up to 

256 

16 
or 
32 

4each 
with 

2 sub 

.each 
with 
2 sub 

16each 
with 
3 sub 

16ea,ch 
with 
3 sub 

4each 

with 
2 sub 

Floating point 

unit 

no no no yes no yes yes 

Input/output slow 

channels fast 
8 8 

18 
5 

18 
5 

1.8 '18 
any any 

4.2 The 1900, 1904 190, and 1909 - general 

The 1900/4/5/9 computers,. repres.mt the '.medium sized machines in the 

1900 range. Each is'. 4-program machine capable of both scientific and 

commercial applications, the 1905 and 9 being preferable where much scien-

tific work is to be undertaken. 

The computers are fully parallel machines with a clock rate of 1 me/s. 

Internal working is in binary and the 24-bit word may be used as an 

instruction, a signed integer or fraction, four 6-bit alpha numeric 

characters, or a counter modifier* Two or more words may be used to-
, 

gether for greater accuracy, and double length floating point numbers may 

be' represented4itha 9-bit exponent and a 38-bit argument! ,
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The basic computers are arranged as in the plan view below, and 

each cabinet is approximately 5 feet x 4 feet x 3 feet deep. 

added for greater 

than 16K store, extra 

power supplies, or 

extra monitoring 

basic maChine with 

either floating 

point or a few 

peripheral controls 

peripheral 

controls 

:The, power supplies are rack mounted and, in the basic machine, 

consist of 5 racks of equipment providing a.c. control anirthe necessary 

d.c. supplies. The power supply racks are easily removed for servicing. 

core store which is a self contained unit with its own power 

supplies and read write electronics is also readily accessible. 

As a result of differing peripheral and floating point requirements, 

the disposition of the sections of the computer varies from machine to,

machine. The central processor is usually contained in doors 1. and 2, 

and part of door 3; and in the 1905 and 9, and those 1900s fitted with 

floating point units, floating units are contained in door J. 1444.#10 
rest of door 3. 

Hence the basic computer, with or without floating point, is contained 

in only 2 cabinets. As the 1900/4/5/9 computers are multiprogram machines, 

a fair number of peripherals is required, and practicable installations 

have a minimum size of 3 cabinets with as many additional cabinets as are 

necessary to contain the extra logic involved. 

Door pairs are hinged back to back as indicated in the plan view of 

the machine: this method of construction makes the back wiring particular3,Y 

accessible. The doors each contain 7 card files each of which has 

positions for 38 plug—in cards,. These cards contain the circuit elements 

that make up the computer's logic. 



The computers use solid state devices 

logic comprises NOR elements and bistebles 

respectively, to a card. 

4..3 Organisation of programs and periphera 

ut and the main 

six and two , 

A programcalled Executive permanently oceuPiee the,first few 

thousand store lines (its size varies with the, size Of the installation) 

of each model and organises the work in the computers.. The Executive 

programs used at present allow the computers to time share between 

'four programs, each with up to two sub-programs. These:programs--are 

arranged in .a priority list and every time an incident occurs -which 

temporarily prevents the current program from carrying on (far 

instance, it may be awaiting the 'completion of a peripheral transfer) 

Executive is entered* ExeCutive scans the priority list and re-enters 

the'highest priority program available. 

Each program, when entered into the computer, has an area-of 

store: reserved for it by Executive, and each of these reservations is 

defined by two addresses, the datum and liMit. The first eight 

addrespes of each program's store area are used as accumUlators, and 

three of these may be used as modifier registers. 

Any address referred to by a program has the program's datum 

added to it and is checked for being within the reserved area before 

being applied to the core store. Both of these operations are 

completely automatic. If, due to a miscalculation on the part of the 

programmer, a program refers to an address outside its reserved area, 

a datum/limit failure occurs and Executive suspends. the offending 

program. 

Complete inter-program prote 

may be written as though it were 

tion is thus, ensured and each program 

he only program to run in e Computer.: 



Executive also provides certain macro-instructions for the control 

of programs and peripheral's and, in the case of the 1904, for carrying 

out floating point arithmetic® 

The sequencing of machine orders and the transfer of data to and 

from peripherals during hesitations is directed by a hardware program 

called the microprogram. 

A large variety of peripheral devices, both conventional and un-

conventional, may be added to the computers making the systems versa-

tile and adaptable to data-processing„ scientific, and real time app-

lications. 

Peripheral transfers 

When a program calls for a peripheral transfer, an interrupt occurs, 

Executive is entered and the appropriate peripheral is activated. The 

computer then goes back to executing the program and the peripheral 

transfer takes place on the hesitation principle: that is, every time 

a peripheral is ready for a word or character transfer, it causes the 

central Computer to hesitate over the program it is executing whilst the 

word or character is transferred between the peripheral and the core 

store. Each hesitation takes up 6p.s of the central computer's time 

in the case of the 1904 and 5, and 16tas in the case of the 1909. As 

most peripherals do not work at anything like this rate, the computers 

can handle many peripherals and run programs concurrently. For example, 

with the 1904 and 5 computers a 300 sec paper tape reader requires 

0.2% of the central computer's time and a magnetic tape reader about 

10%. 

When a peripheral transfer is completed, a further interrupt causes 

another entry to Executive. Executive notes that the transfer is com-

pleted and enters the highest priority program available. 

It is necessary, when engaging in transfers, to ensure that the 
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program 1 nnecte 

area until the transfer is compi 

end !::if the won 

the 

(which is -,)rov 

1.:eferlvd to is 

locked out from the transfer 

,ed. When a program has reached the 

do before it requires access to such a transfer 

-ten "suspend me if my unit X of type N is busy".

ei in the function code) mist be used. If the unit 

till busy., Executive suspends the program and enters 

the highest priority alterative program available. 

Except in the case of vo x r fast peripherals, each peripheral has 

control unit associated with it. Each type of fast peripheral,because 

of its Speed, may share one or more control units with others of its 

type. The control units are addressable and are used to pass data and 

control information to and fro between. peripherals and computer. In 

addition to, the control unit, each peripheral has a core store word or 

area associated with it and this is used, to contain information about 

-Lie transfer such as the starting address and, word or character counts. 

In tae case of a unbuffered broadside-fed card punch the same block 

of 80 eharaoters:must he transferred from the computer to the card. 

punch 12 times in order to punch out the card row by row. 

To avoid the necessity for 1., separate transfer instruction 

special hesitation facility is provided, and this allows the essa. 

repetitive.tranSfers to take place as a result of- only one card punch 

instruction. This ac- ty IB used with all unbuffered peripherals 

whie'cl require reiterated block transfers, and as with normal hesi-

atIons, is controlled by a section of the. hesitation microprogram. 

,Derator ontr6 

Each corputer is normally eontrolled from an electric typewriter 

which enables the operator to give instructions to Executive and vice- 

versa. A large number of these instructions are concerned with manual 

:z;iipheral equipment, but others concern program starting, 

mor.,1:,o1 priority changing, etc. In addition to its keyboard, the 

typewrite:, has eight 

push button switches. 

d indicators and eight illuminated 



These are used to indicate which program is running, to call the.. 

attention of Executive to an incoming message, to cancel such a 

message, and so on. 

4.6 Engineers' co control 

Engineers have much more comprehensive access to the computer via 

the engineers' panel. The contents of the various bistable registers 

and control bistables are displayed on the panel, and there are 

facilities for injecting instructions and operands via handkeys, single 

shot working, and margin testing. 





CHAPTER 5 

PERIPHERALS AVAILABLE FOR THE 1900/4/5/9 

5.1 Input devices 

5.1e1 The 1915 and 1916 paper tape readers 

The 1915 and 1916 paper tape readers can read data punched in 

5, 6, 7, or 8-track paper tape at up to 300 and 1000 characters per 

seoond respectively. Characters are read from the tape by means of 

photo-electric cells, and are transferred to the computer until either 

the number of characters called for has been transferred or, if specified' 

in the program, an end of block character is detected. Accuracy is 

checked by a parity bit and when a parity failure occurs, the reader 

stops at the failing character and Executive informs the operator via 

the console typewriter. The type of parity (even or odd), coding of 

end of blook characters, and the number of tracks are determined by 

interchangeable printed boards, one of which is used at a time. 

The standard code is the I.S.O. 8-track (7 data plus parity) code, 

which is automatically translated into internal 6-bii code by means of 

hardware. Other codes must be translated by the, use of appropriate 

subroutines in the program. 

The readers are designed for use over the standard interface hut 

some early machines and all 1909 models use special control boxes. 

591.2 The I.C.T. 1911 card reader 

The 1911 card reader is a standard interface device and reads 

standard, 80-column cards at speeds of up to 900 cards per minute. The 

standard cods is the I.C.T. 64.-character code which is automatically 

converted into internal 6-bit code by hardware. A card image feature 

may also be specified 'which enables the two -6-bit halves of each 12-bit 



column to be rred directly to the computers store. 

The capacity of the input hopper is 3000 cards and that of the 

output stacker, 2400. The cards are fed sideways from the hopper, 

into a waiting station with a capacity of 2 cards. On demand, a card 

is immediately taken from the waiting station and end-fed through the 

reading station where it is read, column by column, by 12 photo-electric 

cells. Each column is read twice at the same station for checking 

purposes, correctly read cards passing into the eatput stacker and 

incorrectly read cards passing into the 450-card reject stacker. When 

a card is mis-read Executive informs the operator via the console 

typewriter. When a card leaves,the waiting station it is quickly 

replaced by a further card from the hopper so that there is always 

least one card in the waiting station immediately available for 

transport through the reading station. 

5.1.3 The I.C.T. 1912 card reader 

The 1912 card reader is a standard interfaCe device and reads 

standard 80 - column cards. at speedd'of up to 300 card:3. '13er minute 

standard code is the I.C.T. 64-character code which is automatically 

converted into internal -6-bit code by hardware. 

The capacity of both the input hopper and the output 'steeker is 

2000 cards-. The cards are end fed, one by one, frOm the hopper-to the 

two photo-electric reading stations, one for reading and the other for 

checking, and any misread cards are automatically diverted to the .500 

card reject hopper. The action for mis-read. cards is as with the 1911 

reader. 

5 2HOutput devices 

.2 1 The I.C.T. 1925 paper tap 

The 1925 paper tape punch i.s normally a standard interface device 



but some early models and all 1909 installations will have special 

interfaces. Data can be punched in 5, 6, 7, or 8-track paper tape at 

speeds of up to 110 characters per second. Data are transferred.until 

either the number of characters called for has been transferred or an 

end of block character is detected. 

The standard punching code is the I.S.O. 8-track code and 

conversion frOm internal 6-bit'code is done by hardware. Other codes 

are dealt with by appropriate program sub-routines. 

5.2.2 The I.C.T. 1921 card punch 

The 1921 card punCh is a standard interface device and can punch 

standard 80-column cards at speeds of up to 350 cards per minute. The 

cards are punched in I.C.T. ,64-charaoter code, conversion from the 

'computerls internal 6-bit code being carried out by hardware. 

The capacity of the input hopper is 1000 cards and that of the 

output stacker, 1250. The cards are sideways fed one by one, from the 

hopper to the punch station where they are held stationary while being 

punched. The punching is done by 960 knives (80 columns x 12 rows) to 

which information is fed one row at a time by means of the special 

hesitation facility. Information accuracy is ensured by checking that 

the relevant punch knife interposers have operated, and mis-punched 

cards are diverted into a reject stacker. When a card is mis-punched, 

an entry is made to Executive and Executive arranges for the data to 

be repunched on another card. Should persistent mis-punching occur 

the punch is stopped and the operator is informed via the typewriter. 

5.2.3 The I.C.T. 1920 card punch 

The 1920 card punch is a standard interface, device and punches 

standard 80-column cards at speeds of up to 100'card per minute. The 

cards are punched in I.C.T. 64-character code, conversion from the 

computer's internal code being carried out by-hardware. 



Cards are broadside fed from the 800-card input hopper to the 

punching station. The punching is done by 80 knives which punch out.

the 12 rows one at a time as the card moves through the punchingstation. 

Information is presented to thegunch by means of the special hesitation 

facility, and information checking is done by counting the total number 

of holes on the card at a brush-type read station situated behind the.

punching knives. Corresctly punched cards are fed into the 650 card 

output stacker and mis-read cards into a reject stacker. Mis-punched 

cards are treated as with the 1 921 oar& punch. 

5.2.4 The I.CST. 1922card punch 

The 1922 card punch is a standard interface device and punches, 

standard 80-column cards at speeds:of up to 33 cards per minute.. :.The;;,

cards are punched in I.C.T. 64-character code, conversion from the, 

computer s internal .code being carried out'V hardware 

Cards are endfe.d from the 450 card input hopper to the punching 

station. The punching is done by 12 knives which punch out the 

information Column by column. The accuracy of punching is checked by 

monitoring the displacement of the punch knives. Al]. cards are fed 

to the output hopper and mis-punched cards cause the punch to stop in 

order that.the mis-punched card may be removed from the top of the pile 

by the operator. , Executive arranges to have the same set of data 

transferred again when the, punch is re-engaged. 

5.2.5 The I.C.T. 1933 line printer 

Thee 1933 line printer is a buffered printer which will operate 

at 1350 lines per minute when 48 consecutiVe characters are in use 

and 1100 lines per minute when 'all 64- characters are in use. The 

printer is available in three forms: 



e as the 1932 except that the speed 

1933/1 96 print positions per line, 

1933/2 - 120 print positions per line, 

1933/3 — 160 print positions per line. 

Character spacing is ten to the inch and characters available are; 

A to Z, 0 to 9, space, and 27 symbols. 

The parity of information is checked in the printer's stand-off 

electronics. A parity failure causes a lozenge to be printed and an 

entry to Executive which stops the printer and informs the operator 

via the typewriter. 

Line spacing may be set at either 6 or & lines to the inch by 

the operator and fast throws,' controlled by an 8-channel paper control 

band, takeplace at 31 inches per second. 

Conversion from 6-bit internal computer code into printed 

characters is automatically performed by hardware. 

5e2,6 The I.C.T. 1932 line prin 

The 1932 line printer operates at a speed of 600 lines per minute 

and can be supplied in buffered or unbuffered fora, the special 

hesitations facility being used in the latter case. Lime widths of 

either 96 or 120 print positions are available with lateral spacing of 

10 characters per inch and vertical spacing of 6 lines per inch. 

In other respects the printer is similar to the 1933 model. 

5.2.7 The I.C.T. 1931 line ter 

The 1931 printer is the s 

is 300 lines per minute. 



5.3 File storage equipment 

5.3.1 The 1953 exchageable disc store. 

The I.C.T. 1953 exchangeable disc store consists of an exchangeable'

disc cartridge, a transport with a disc drive mechanism and heads, and 

control logic for up to four transports. Control will be effected via 

the I.C.T. standard interface. 

A. cartridge provides storage space for 4.03 x 106 characters and 

contains .6 discs, both sides of which are used. 24 heads, two per disc 

surface, may be moved radially, all at, the same time, to any of 100 

positions over the discs' surfaces, providing 200 tracks of data on 

each side of each disc. Each disc surface is divided into 4 sectors 

which divide each track into 4 blocks of 420 characters. Thus, the 

.capacity of a cartridge is: 

420 characters x 4. blocks x .200 bands x'1? surfaces 

= 4.03 x 106 characters 

A seventh disc,-the block code disc, generates signals to indicate 

the start and end of each block, and a block is the smallest addressable 

area on a disc. A block is addressed in terms of the transport number, 
• • • 

the head number, the head position, and the sector number. 

The access time to the store is 75ms for head relocation plus 

an average of 12.5ms for disc rotations. Once the heads are located 

randoth,or sequential access can be made to 40,320 characters, that 

-is:-

24 (heads) x 4 (blocks per head): 420 (characters per blOok). 

Data, which are stored serially, can be read from or written to 

the file at the rate of 66,000 characters per second. Information is 

checked by means of a parity bit after every four characters, and on a 

writing operation the parity is,checked by reading back during the next 

rotation aFthe disc. This check is carried out by the file's control 
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electronics and does not occupy the central computer. Any .error causes 

an interrupt and Executive will try to rectify the situation. If 

successive re-reads or re-writes do not clear the parity, the operator. 

is informed via the typewriter. 

When it is necessary to load an alternative cartridge into the 

transport unit, the drive a_s .i.a toratically disengaged and the heads 

withdrawn until the new cartridge is placed in position by the operator.

5.3..2 The I.C.T. 1956 Data disc ate:

The I.C.T. 1956 data disc store provides storage, in- one unit. • 

or 31.5 x 106 characters and four such units, providing storage for..:

126 x:106 characters may be controlled. via one access control. The:: 

arrangement is shown in block form on Diagram 21. Random access may be 

made to any 240— character sector within the system; 

A storage unit contains sixteen 31in magnetic discs both sides of 

which are used. Associated with each disc are 8 heads, four per sidei 

which may be moved radially, all at the same time, to any of 64 

positions on the discs' surface. This provides 256 tracks of dats,0 

each side of each, diac. The outer 128 tracks are divided into :twent 

240-character sectors and the inner 128 tracks into twelve- Thuk the 

capacity.of a disc unit is: 

240 characters x-(20 I. 12)/2 sectors x 256 tracks 

= 31.5 x 10 characters 

In addition to the sixteen aata dis 

control discs which hold sector address 

reading and writing timing purposes. A sector is addressed in,terMs 

of the unit number, the dis6 number, 

and the sector number. 

e two smaller..

head number, the heaa':positio 



The access time to the file is an average of 190ms for head 

positioning plus an average of 30 milliseconds for disc rotation, Once 

the set of 8 heads associated with a disc is located and the beginning 

of the addressed sector is under the rea write heads, data may be 

passed between the computer and the file, to or from a number of 

consecutive sectors, at a rate of 80,000 and 18,000 characters per 

second for outer and inner track zones respectively. If a block of 

consecutive sectors is spread over two discs. or two head positions, 

Executive arranges for the new positions to be located. 

Data accuracy is checked in the same manner as with.the 1953 

exchangeable disc file. 

Areas of the disc file may be reserved for programs in much the 

same way as are areas of core store. Disc file reservations are 

controlled by Executive and result in the disc file being available to 

any program running in the computer. Relative addressing is used so 

that a programmer may address his file from zero, a datum being 

automatically allocated by Executive to any file recorded on the disc 

file. A list is available to Executive relating the titles of files 

currently stored on a disc file to their sector starting addresses. 

A programmer need only quote his file's title and Executive will refer 

to this and use the Sector starting address as a datum to add to the 

relative sector addresses quoted in this program. The file name/sector 

address list may itself be stored on the disc file. 

5.3.3 The I.C.T. 1958 magnetic card file 

One magnetic card file unit contains i or 2 retrieval units which 

each hold up to eight magazines. A magazine holds 256 magnetic cards 

each of which is 4 by 16 inches and contains sixty four bands of 

information. One such band consists of Lwo 1300 character tracks which 

are simultaneously read from or written to by two magnetic heads. Up 

to four magnetic card file units may be controlled by one magnetic card 

file control unity On-line capacity is thus, 
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4 (file unit)x 2 (retrieval unit) 

X 64 (bands) x 2600 (characters)--

= 2,730 x 106 characters 

As card magazines may be exchanged by the operator, off-line 

capacity is virtually unlimited. 

Each card in a magnetic card file can be addressed in terms of its 

file unit, retrieval unit, magazine number, and position therein. When 

a transfer of information is required, the addressed card is extracted 

from its magazine by its retrieval unit and passed to a rotating drum*

The card travels round with the drum and data are transferred to or 

from the card by means of a pair of magnetic heads adjacent to the 

.drum's surface. There are four such head pairs and they can be moved, 

together, to any of sixteen positions, so accounting for the 64 (4.x.1 

bands of data on a card. The head pair and position also form part 'of 

the address, resulting in the 2600-character band being the smallest;: 

addressable area inside a card file. The access time to a card.i 

average, 325ms, and the data transfer rate is 80,000 choracters per. 

second. 

When the card has passed round the drum it can be either returned 

to the magazine or recirculated round the drum. The head assembly may 

be repositioned so that successive bands are transferred during 

successive revolutions of the drum and, if desired, the entire conten 

of a card may be transferred before returning it to. its magazine. 

Data are recorded as 6 

When a parity error occurs an interrupt causes entry to Executive., 

,as usual and Executive takes similar action to that taken with the 

exchangeable disc file. 



5.5.4 The I.C.T. 1962, 1963, and 1964 drum storage systems.

The drum store system provides a range of storage from 131,072. 

characters to 8,338,608 characters and, in all eases,direct access can 

be made' to individual 24-bit words stored within the system. 

Drums are attached to a 1900 range computer via a drum control and 

a standard interface channel, and up to four drums of any particular 

type can be controlled by a drum control. 

Data are recorded magnetically in serial form by the means of 

fixed read/write heads and, for checking purposes, 'a parity bit is 

inserted after each 6-bit character by the drum control unit. 

The main characteristics of the storage system are summarised in 

the following table. 

Drum Number of Capacity Average Maximum 
type tracks or heads. single drum access time, transfer. 

(characters) (ms) rate 

1962 128 131,072 10 

1963 256 524,288 10 

1964 512 2,097,152 20 

5.3.5 The I.C.T. 1974 magnetic tape system 

characters) 

50,000 

100;000-

100,000' 

The 1974 magnetic tape system can read or write to half inch, 

7-track magnetic tape in even or Odd parity mode and, providing that 

information is written onto a tape at the appropriate packing density, 

the tape will be compatible with the other 1900 tape systems as well as 

with most internationally used tape systems. Tapes are stored on 2400 

foot spools. 

Up to twelve decks may be connected to a computer and they are 

connected via special control units situated at the computer. Each deck 
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has a unit control and the decks share up to three channel controls 

giving simultaneity of operation to up to three tape decks at any one 

time, and access to all decks over a period of time. Diagram 20 shows 

the arrangement in block form. 

The tape read/write speed is 120 inches per second, and at the 

packing densities of 800, 556, and 200 characters per inch the data 

transfer rates are 96000, 66667, and 24000 characters per second 

respectively. Deoloare fitted with a switch to give the user alternative 

densities of 800 and either 556 or 200 characters per inch. 

The length of a block of information (iee. information transferred 

as the result of a single transfer instruction) is specified by the 

programmer. Blocks of between 1 and 32,768 words in length may be used, 

making possible the transfer of the total content of the core store 

with the use of only one instruction. 

The parity of data in a block is generated by, the magnetic tape 

channel control unit and is written in two ways: the lateral (character) 

parity is recorded on the seventh track and the longitudinal (track) 

parity is recorded in an additional stripe called the check character at 

the end of the block. Longitudinal parity is always even and, on, tapes 

originating within the system, lateral parity is usually odd. Even 

lateral parity is however, available for use when necessary. The 

mechanism of parity checking is identical on reading and writing in that 

data are read back as they are recorded during a write operation. On the 

completion of a block transfer any parity failure is noted byExecutive 

and a repeat transfer is arranged. On a writing operation, after several 

repeated failures Executive erases the-faulty information and tries 

again further along the tape. Insurmountable failures on read or write 

operations result in a message to the operator via the console typewriter. 

A block of information on a tape may contain several records, and 

a number of blocks make up a file. A file may be spread' over several 

reels of tape. Divisions between significant sections of information 

on a tape are indicated by means of a tape marker (octal 17) which, 
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though termed an end of file (E.O.P.) marker, may indicate the 

beginning or end of a section of a file. The programmer has facilities 

enabling him to skip forward or backward to the next or previous E.O.F. 

mark respectively. 

The first block of information on each tape is a 16-word label 

containing such information as the tape's name, the date on which it 

was written, the minimum number of days for which the information 

should be retained, etc. The last mentioned defines the time for which 

Executive, which has access to the current date, should protect the 

tape. Further identification of content is provided by 5-word qualifier 

blocks which normally follow E.O.P. marks and give the context in which 

an E.O.F. mark is used. 

Tapes are normally assigned to a program by Executive at the 

point in the program at which they are first required. At this point, 

Executive carries out a deck by deck search until the tape label whose 

name part corresponds to that given in the program is found. The 

information given in the label is then made available to the program. 

Should the required tape not be mounted on any deck, a request for the 

tape is delivered to the operator via the console typewriter. 

tape.has been located it is left in a position where it is ready to 
. 

read or write to the block that follows the label. 

Manual assignment of tapes is also possible and in this oase,,tha. 

operator.-,typee a message to Executive assigning the tape deck upon 

whichthe desired, tape is mounted.to the program requiring it.' ' 

5.3.6 The 1971, 1972 and 1973 magnetic tape systems 

The 1971, 1972, and 1973 magnetic tape systems are each available 

a group of 2, 4, or 6 decks and each group is contained in a single 

unit with its own control electronics, The control electronics 

designed to I.C.T. standard interface requirements. 
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The rea write speed and recording rates of each system are 

Shown in;the following table. 

System Read/write Recording 
number speed (in/s) densities rates (ch/s) 

(011/i11) 

200 15,000 

1973 75 556 41,700 

800 60,000 

Character transfer 

200 15,000 

1972 75 556 41,700

200 7,500 

1971 37.5 556 20,800 

The three systems are compatible with the 1974 system in terms 

of both information layout on tape and programming so that information 

on these aspects in the previous section cann be applied equally here. 

5.4 Other equipment 

5.4.1 The I.C.T. 1996 program timer and real time clock 

The program timer and real time clock are when provided, contained 

in the computer proper, the former being used for measuring the central 

computer time occupied by each program and the latter for program dating 

and log—keeping purposes. 

The program timer is a 21 — stage binary counter which counts off 

the computer clock and has a capacity of approximately 2 seconds. 

Executive sets the timer to zero each time a program is entered and 

aocumulates the value that is in the timer when the program is interrupted. 
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Should a program run fa: of interrupts for the time that the timer 

talc to /lin up to half of its capacity (approximately 1 second), the 

counter causes an interrupt and Executive adds the timex' value to the 

time already accumulated for the program. This interrupt also provides 

an opportunity for any higher priority program to be re-entered. 

The timer does not operate during hesitations as most of these are 

usually oonnected with programs other than that running at the time. 

Executive makes suitable allowances based on each program's use of 

peripherals and adds these to the programs' running times. When a 

program is deleted, its time total is printed out. 

The real time clock provides the local time in hours, minutes and 

seconds. This time is available to programs and, in addition, is 

periodically typed out on the console typewriter to fo.vm a part of 

the computer's operating log. 

5.4.2 The LC T. 1830 general purpose visual display unit 

This unit ontainz a 21-inch C.R.T. which may be ed for graph 

and vector plotting and the display of alpha-numeric characters; and 

a keyboard by which the operator may communicate with the central 

computer. Each unit is self-contained, no separate control unit being 

necessary and is connected to the computer Via a standard interface 

channel. 

The amount of information displayed on the screen can be as high 

as one hundred and twenty eight 256-character lines. This amount would 

however, be used only in conjunction with the 35mm camera described 

later. For visual work o up to sixty_ four 128-character' lines of double 

sized characters are used. 

Characters are, formed on the C.R.T. by combining sections of 

bus Lissajous figures. The various gated sine and cosine waveforms 

essary for these are produced by a complex of electronics, the outputs 

of which are dependent upon the character code applied to the input. 
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The outputsare applied to a pair of minor deflection ooils mounted 

on the C.R.T. adjacent to the main deflection coils. The position of 

the resulting character on the face of the C.R.T. depends upon the 

ourrents in the main deflection coils and these currents each have 1024 

discrete magnitudes giving rise to a 102k squaxe matrix. Co-ordinate 

points in the matrix can be specified for graph plotting and as the 

starting points of vectors. 

All information to be visually displayed is contained in a 4096 -

character buffer store. As the data are read from this in sequence, 

the current in the C.R.T. main deflection coils is stepped in such a 

manner as to write the data at the appropriate points of the so 

matrix. The buffer store is cycled at least ten times per second' 

order to provide a flipker free display. 

Optional extras to be used with the 1830 unit are a 35mm 

and a light pen. The former can take pictures on demand, at rates of 

up to 20 frames per second. and for this purpose, an additional high 

definition 5 inch C.R.T. is used. When the camera is in use, each 

group of characters need be displayed on the C.R.T. for one scan 

and masses of information can be transferred onto film in a very, short 

time. 

The light pen is a photo-electric probe connected to the 1830 

unit by a flying lead. When placed against the C.R.T. face, its 

position may be ascertained in terms of the time at which it is 

illuminated in the scanning cycle of the C.R.T. An immediate use for 

it will be to indicate characters which need changing or deleting but 

future use, subject to programming problems being overcome, may include 

the recognition, by the computer, of,ftdrawh" shapee. 

The keyboard has 55 keys which 
to those on an ordinary typewriter 

directives to the computer. 

give a similar variety of symbols 

The keyboard is used,for issuing 



544.3- The 1831 dtsplay'and interrogating unit 

This unit is similar in principle to the 1830 unit but has 'a 

small snreen, a 15-key keyboard, and is capable of:repreducing 

characters only. 

The unit is intended for use where operators require to retrieve 

specific items from file storage devices in connection with such,

aotivities as banking, seat reservations, eto. The reference number 

of the file will be typed on the keyboard and the information displayed, 

in, groups of up to 256 characters on a 4in x tin screen. 

Several 1831 units may be connected, to, a standard interface channel 

via a control unit. Two types of control unit are available: one type 

has a 4096 word buffer store and the other type uses the special 

hesitation facility. The former can supply up to sixty four 1831 units 

and the latter up to 8, and in both cases different information can be 

displayed on all units. 

5.4.4 The I.C.T. 1934 digital, increment plotter 

This unit consists of a Calcomp plotter unit, Model 563, 564., 565, 

or 566, mounted on a pedestal-type cabinet which contains poWer supplies 

and nontrol'electronics designed to work overthe standard interface. 

The paper on which plotting takes place is wound on two rollers 

and passes over a rotatable plotting drum. The plotting pen carriage 

is mounted over the drum on a traverse arm which enables it to move 

parallel to the drum axis. The plotting action is obtained by step 

motions of the drum, and/or the pen, permitting each step to be in any 

one of the eight directions listed. 
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Diuin step forward 

Dx a step backward 

Pen step left 

Pen step right 

Simultaneous drum and pen s 

Pen down 

Pen up 

-X dire 

e, 

ion 

on 

our diagonal dire c 

pen on paper 

pen o f paper 

Each operation is represented by a data character and 1`4.e 4e0e0C 
, . 

of operations is effected by the transfer of characters frbm.. the'-. 

computer to the plotter. 

The characteristics of each plotter in the series are summarised 

in the following- able 

Model Number 

Speed: X-

Y-

Pen 

Step s 

Paper.

Plotting width 

Paper length 

Sprocket diameter 

Sprocket spacing 

Data transfer rate 

565 

18;000 18 a 000 steps/mom.' 

18,000 18,000 steps/min 

600 600 operation 
in 

0 01 0,005 inch 

12 2 inches

hoe 



584.5 The I.C.T. 8500 document sorter/reader 

This unit sorts and selects bank cheques and similar documents 

which, are coded in magnetic ink and conform to the requirements 

established by the London Clearing Banks. The range of acceptable 

document sizes is from 6 x 2 4inches to 14 x 14.2 inches. When the 

device is connected to a 1900 system, sorting and selection is 

controlled by the computer and data read from the documents may be 

edited, listed on a printer, stored on magnetic tape, etc as required, 

under the control of a program. 

Sorting takes place at 1200 documents per minute. The magnetic 

ink code is read and, according to instructions, the documents can 

be sorted on any characters position, to any one of 18 stackers one of 

which is for documents classified as rejects. 

5.4.6; The I.C.T. 1992 communications multiplexer 

The I.C.T. 1992 communications multiplexer is a multi-channel 

control device permitting on-line data input and output between the 

central computer and up to 63 remote devices. These are connected to 

the multiplexer by ordinary telegraph, telephone, or internal multi-

typewriter line facilities; or any combination of 

The multiplexer is modular to cater for any number of lines from 

2 to 63, and each line can be one-way (simplex) or non-simultaneous 

two-way (half duplex). Line termination units are necessary at both 

ends of each line. The speed of transmission of data is limited, for 

all practical purposes, not by the multiplexer but by the speed of the 

transmission line or central computer® 

Each line input to the multiplexer contains a single character 

buffer and these are sequentially scanned, any charactere present 

being transferred to an area in the computer's store which has been 

allocated to each terminal. Transfers take place on the hesitation 

principle and an interrupt is caused only, when a complete message has 
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been received or transmitted, or the allotted store area filled or 

emptied. Then, subject to program priorities, the communications 

program deals with the message. 

The I.S.0./A.S.A. 8 track code, used as the standard paper tape 

code throughout the 1900 system, is decoded or encoded in the 

multiplexer unit. Other codes are handled without modification and 

codes of greater than 8 bits are split up into 6 bit groups for 

transfer to 

if present, 

unit. 

or from the computer. The parity of all incoming, messages, 

is checked in the multiplexer on the line transmission 

5.4.7 The I.C.T. 1955 data exchange control 

This unit will enable a 1900 series computer to communicate with 

another computer via a standard interface channel. Information is 

passed over the data exchange control in 4-character bursts. With the 

1902 (61.Ls store) and 1904 (2ps store) the rates of transfer can be as 

high as 76,000 and 11)+,000 characters per second respectively. The 

speed is limited to that of the slower computer of a linked pair. 

A use for the unit is to link a small computer to a large computer 

and use the small machine for the editing and validification of input 

and output data. This raises overall efficiency by reducing the load on 

the main computer and ensures that all input information is validified 

and presented in the most useable form.
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6 

THE CENTRAL CO,)tcPUTER 

6.1 General 

The central computers of the 1904, 1905,and 1909 are very similar 

and they are shown in block form in Diagram 12. The content- and re-

lationship of the blocks is deoribed in the following sections. 

6.2 The arithmetic unit 

At the centre of the arithmetic unit. shown in Diagram 25, is the 

mill. This is a 24_ bit paralle2 adder which can carry out logical and 

arithmetic operations on the contents of the various registers gated onto 

its inputs, the K and L highways. Its output may be gated to the various 

registers either, directly or with a single right or left shift. A mill 

operation is accomplished in 1 microsecond. 

The sizes of the various registers and their interconnections are 

shown clearly on Diagram 25 and need little furLher explanation. 

of their uses are outlined as follows. 

Some 

Register A is used as a working register. In addition to 

the normal output it has an inverse output to assist in the 

formation of negative numbers ( see-section 12.203). 

Register B is used as a working register, and,tesend and 

receive operands to and from store. Parity is formed from 

the content of B when store•accesses are made. 

Register P is used to hold the instruction address (bits 0 

to 14.), special Executive modes (bits 15 to 21) the carry from 

multiple length operations (bit 22), and a record of any 

overflow that occurs'during'the execution of a program (bit 23). 



In .more complex icomplefi instructions such 

P is required as a working registe 

operands internallyfileft or right, 

as a working register, its normal contents are temporarily 

stored in store location of the program. 

as multiplicatioff,register 

and its ability to shift 

is used, When P is used 

The content of the datum and limit registers is self explanatory 

and the use made of the datum and limit is explained in section 

6.10* 

Register N contains various quantities an instruction pro-

gresses, Initially it contains the instruction address and 

then the n-address pa tit of the instruction. It also has 

ability to count down in decrements of unity and is used as 

a counter in instructions such as multiply, shift, etc. 

Register F, X and M are used to contain the function,accumulatO 

address and modifier address of an instruction respectively. 

Register X has en additional output, X this is used to 

specify the second accumulator used in double length. operations. 

Peripherals are addressed via. the BAD highways and information is 

passed to and from peripherals on the BOUT and BIN highways respectively. 

6,3 The LDG register 

The LDG register can only be loaded by special Executive orders 

and consists of the datum and limit registers in the arithmetic unit, 

and the )-bit G register in the central control unit* 

The G register bits are numbered 0, 1, 3, and 4. Bits 3 and 4 are 

used to indicate which of e four possible programs are running in the 

machine and their decoded output is used to illuminate the appropriate 

indicator lamp on the console typewriter. 



A program called Trace may be entered into the omputer as an 

aid to the development of new programs. This program works in 

conjunction with Executive to provide monitoring facilities and the 

monitoring facilities provided depend upon the monitoring mode set up 

in bits 0 and 1 of G. The four possible modes are: 

'00 no monitoring required, 

01 • monitor after each order obeyed, 

1.0  monitor after each 123 order with X = 7, 

*11 monitor after each successful jump and after 

with X = 

A steering tape which is prepared by the programmer, is used in 

conjunction with the Trace program. The tape indicates ,thp points a 

which the program to be tested requires monitoring, and the type of,

monitoring action required. According to the information on the 

steering tape Executive, in conjunction with Trace, loads the G 

register with the different monitor modes required as the program 

progresses. 

The 123 order is normally a dummy instruction, but .when. gOten:

..with X = 7, and 2. or 3 set in G 0 and 1 s a monitoring interrupt; is,:

.forced. 123, X = 7 orders may only be given by Trace. They ;are

inserted by Trace, under the direction of the Trace steering.tape,,, 

into the program to be monitored at the points where monitoring i 

required.' 

64 The micropro 

The Microprogram gates are 

bistables in central control. 

indicated either by the funct 

unit) or hesitation control. 

esponsible for seque4Ain.e.. 

e microprogram sequenCe,.required is:

The microprogram is broken down into sub units,. each'one of which 

is responsible for sequencing a particular order, a e0t,..of similar 
• , . 

orders, or hesitation. The microprogram via centraIftOntroI, defines 

the sequence of actions neo 

an instruction. 

in the arithmetic unit to carry out 



During the sequencing of an order or hesitation, the function 

code and the present setting of the central control bistables are used 

to set the microprogram gates and determine what has to be done next. 

For more complex orders such as division and shift orders, which contain 

several repetitive operations, additional bistables in central control 

and counters in the arithmetic unit, are available to the microprogram. 

6.5 The central control unit 

All operations and facilities in the arithmetic unit are controlled 

by signals originating in the central control unit. Central control 

consists mainly of a set of control bistables„ each one of which in 

general, controls a specific sub—operation in the arithmetic unit. 

Usually, several of these bistables are set to control a complete 

arithmetic unit operation. Central control is also used to control 

bore store operations and, on some ons2 the machine clock rate. 

6.6 The computer's clock 

The clock produces timed pulses which set control. and data bistables 

in all parts of the computer. The clock normally has a p.r.f. of 1 me/s 

but is slowed down for certain operations such as core store cycles, 

by central control. For maintenance purposes the clock can be operated 

manually on single shot, double shot or single instruction. 

6.7 Hesitation control 

A hesitation is an operation which causes the computer to hesitate 

for 61As (or 16i.ts with the 6µe core store) over the program it is execut—

ing in order that a transfer of data may take place between the core 

store and a peripheral. 

Hesitation control provides an interlock between peripherals, so 

that if several data transfer requests occur at the same time, the computer 



can deal with them one by one, The microprogram hesitation sequencing 

varies with different types. of periPheral and hesitation control in-

dicates-which type of peripheral is requiring attention and therefore, 

Which sequence is to be entered. 

Hesitation control also generates a predetermined core store add. 

ress for each peripheral. This is the control word address and it con-

tains information concerning the store area being used for the transfers 

6.8 Peripheral control units 

Most peripherals used on the 1904, 5, and 9 whether designed for.,. 

standard or special interface operation, each have a control unit: the 

exceptions to this rule are very fast peripherals which shar6.00ntro16 

units. 

Special control units generally consist of a word or character 

buffer, a set of control bistables. and gates and, when appropriate, 

parity checking and character decoding facilities. 

Standard interface control units are considerably simpler than 

special controls, but as the same problems of control and data handling 

are met with, this simplicity is off-set by having more stand-off logio 

at the peripheral itself. 

A peripheral control unit can only be selected and told to begin 

operating by special orders of the Executive program. Once a peripheral.

control has been selected and activated it continues a transferokIVW 

hesitations principle.. 

Peripheral control will cause hesitations whenever it has inform-

ation in its word or character buffer ready to be stored in the core 

store. On an output operation, it causes a hesitation whenever a trans-

fer has been completed.'from the input buffer to the peripheral. Another 

word or character is then transferred from the core store. 



A peripheral control continues to cause hesitations until a trana-

fer is comijleted, at Which'time it-causes an interrupt. The interrupt 

oauses Executive to take over and determine what to do next 

The core store 

For those readers unfamiliar with core stores, a short account 

of the principles involved can be found in section 1.9.7. The I.C.T, 

1904, 5 and 9 computers have conventional core stores, the sizes and 

speeds of which are summarised in the table in section 4.1 There are 

26 planes in each store: 24 for information. 1 for parity, and 1 spare. 

The stores have three modes of operation which are: 

read regenerate: in which information is read .rom the 

core store and regenerated for further use, 

clear write: In which the selected store location is 

cleared wring the read half cycle and information is 

writtan in during the write half cycle, 

reAd pause write in which information is read from the 

sore store and different information is written back, 

Ti.y2 store is fully self contained using its own power supplies, 

selerion and drive logic, and the power on/off switching is automatically 

sequenced in a manner that retains stored information. It also has 

built-in testing facilities, These enable fixed patterns to be written 

sequentially right through the store, and then to be read baak again in 

the same sequence, checking the read-out against the pattern generator. 

Patternsavailable are all 'l ls, all 'Ol s, worst pattern and inverse worst 

pattern. 

The temperatureof:tha. core store is thermostatically controlled in 

order'tOensure that its wOrking point does not ,v̀ary duef to changes in 

ambient temperature 



6.10 The datum and limit tester 

A region of core store is a ated to each program by Executive 

and each time a program is entered the datum and limit of the program's 

store area are entered. into the datum and limit registers. 

The values of datum and limit are multiples of 64 and the datum 
• 

and limit register are each made up of nine bistables which hold the 

most significant nine digits of a 15-bit address. When a program other 

than Executive is running, each address is automatically checked against 

the datum and limit prior to being applied to store selection* This 

ensures that an address inside the programs allocated area is selected. 

X and M do not require checking since they lie in the range:-

X or < • D 

This is inside the minimum area of 64 lines that 

.by a program* 

6.11 Parity 

All information going in 

can be occupied 

and out from the core store is momen-

tarily present on the arithmetic unit's B register and, on both store 

input and output, the: information is extracted from this register. for 

parity forming purposes. The parity bit is stored in the 25th Plane 

of the store, and on store output is used to set the parity. bistable. 

The setting of this bistable is compared with the parity bit formed from 

the content of the .B register and, if there is disagreements the computer 

stops and the failing address is displayed on the engineers panel. 

6e12 The engineerta panel

The engineer's panel i basic machine- provides the engineer with 

very comprehensive monitoring and control of the, whole computer. 



On the panel are displayed: 

1) the contents of all the arithmetic unit registers; 

2) the contents of the arithmetic unit data transfer 

paths (known as highways).; 

3) the settings of the bistables in central control; 

4.) the operating modes of the various' peripherals. 

In order to.facilitate fault finding, a switch is provided to run 

the computer on single shot, double shot or single instruction., and 

there is also a set of handkeys which may be used either to inject an 

order number or a whole instruction into the arithmetic unit; 

Two more sRitches, FREEZE and RESET, are provided which, when 

operated, activate control waveforms causing the computer to read in 

a 128 character bootstrap via a predetermined Peripheral (usually paper 

tape) into the first 32 core store locations. This bootstrap can then 

be used ,to read in Executive- FREEZE and RESET facilities are to be,

expanded on future machines in order to provide three primary input 

channels. 

Margin checking facilities are, also provided and take the form of 

a variable'power supply and a variable clock rate, 

On multi-cabinet machines and those with floating.point units, an 

extra engineers° panel is provided to monitor the extra peripherals and 

registers. 

6,13 Power supplies 

The power supply for a two cabinet computer consists of an a.„0. 

control unit controlling four rack mounted.A.,;o.'poWer units.: , The outputs 

of these are; 46V, '4V",' 28V and a variable supply giving tWO.outputs 

which are settO';4767'and6if. :Each of these supplieshadivoltage and 

cydrriont.monittiring. Thecore Store has its own supply also con-

trolled by the ad;c.- Control unit. 
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The existing supplies have sutTicient capacity to supply an 

xt:a cabinet but if more than three cabinets are used, additional 

suplies must be installed. The power consumption of a two cabinet 

z,omputer is approximately 2.5 kVA. 





7.1 General 

The basic word is 2L bits in length. nor the purposes of programm-

ers the bits are numbered from BO to B23 starting at the most signifi-

cant end, and for the purposes of engineers they are numbered from B23 

to BO starting at the most significant end. The pros and cons of these 

two systems are numerous, but as this manual is more likely to be read 

by engineers than by programmers engineers ° notatiOn:will be used. 

The.24,-bit word can have various in e etatidris apoOrding W ...7the 

way in which it is to be used. 

7 2 Four 6 ambit alpha-numeric characters. 

The word 1.s split -into four characters as shown b - o 

Bits 23 to 18 17 to'12  11 to 6 . 5 to 0 

The notation used is 12300 for charact "0" of the word in line 

123, 123,1 for character '1", and so 

7.3' A si,ned fraction. 

The word is regarded as having a binary point'between1r23 and B22. 

B23 is negative and. B22 to BO are positive, their values being as shown 

below. , 

Value 

B23 1322 B21 ----------------- BI BU 

Binary point 



Such a fraction lies in the range -

fraction < 

7.4, A nednteer 

The word. is regarded as having a binary point immediately to the 

ge=t
. of the least significant digit. B23 is again negative and B22 

to BO positive but different values are now assigned* 

value 

B23 B22' - B21 - B1 B0, 

+222
2

+2 

Such an integer lies in the rang 

-923 

7 =5 Multiple lenzth working 

7.5 G-ereral 

• .Integer < 

+2 +2
• binarY Poibt 

A single word can .represent a number about as big as 107 in the

case of an integerand about' as small as,1.0_7 in the case of a fraction. 

a larger range -is required multiple length working is available 

Two or more words in adjacent store locations are used to represent 

one number:, extending the range of numbers to approximately 1014' to 

0 In the case of double length working, 1021 to 10_21 in the case 

of treble length working, and so on. An example of a double length 

signea integer and a double length signed fraction is shown below. 

7,.5ft2 A double length signed integer 

7/2 



B47 B4.6 B22-

7.5.3 A double length signed fraction 

B47eB46 - B25 B22.

value -1 2 

binary point 

Additional instructions are uses

of multiple length numbers, 

binary point 

IB23 B22 BI BO 

e lesser significant words 

A floating pain.t number 

A number y is expressed. as y = R2e where R is the argument 

e is the exponent 

Two store lines are used to hold a floating- point number and the 

number is made up as shbwn below 

247bit'argumenti not used. 9-bit exponent 

or if more accuracy is required. 

38-bit a

B23 not used 

exponent 

The argument is stored as a etandard number and so must lie in he 

ranges:-



or 0 or 

The exponent Store contains, not e but e + 256, which is a 

positive integer lying in the range 0 to 511 The content of an exponent 

store is referred to as the characteristic. This is intended to avoid 

confusing'e with e + 256. The constant 256 is automatically allowed 

for when floating point arithmetic is performed and when the exponent 

is -256 the content of the exponent store is zero. This condition is 

easily detected 

Floating point representation gives an equiva 
" 76 

of approxitately 10-76 to 10 

7.7 An instruction 

A normal i nstruction is made up as below: 

M N 

3 bits .7 bits 2 bits 12 bits 

decimal range 

X specifies one of eight accumulators« These are the firssteight 

store lines of any program and are used to'store one of the operands 

used by the instruction. 

F is the function and specifies which operation the instruction is 

to perform. 

M is the address of accumulator 1, 2, or 3 whose content is to:be 

used to modify the N address, If M = 0 no modifying takes place. 

N is the address of the store line containing,theother operand on 

which the instruction acts. 

The other main type 'ot'instructionis 

This is made up.as follows:--

7/`4

th“ranch orjump'InStruction. 



Here N is the address to which. the branch is tc be L 

There are many other types of instruction and these are all listed: 

in the function code summary' The programmers handbook gives. fall details -

of the use to which the various instructions can be put. 

7.8 A counter raoCii 

The counter modifier word configuration may be used to assist in 

the control of progress loops or as a control wood < to assist in char-

acter and word at a time peripheral transfers. The counter modifier 

takes two forms and these are: 

counter' mca 

9 5. 

5 

Whether the counter modifier is controlled by the appropriate in-

striction (in a program) by the hesitation micreprogram.( in a per-

ipheral transfer), the effect is the same: the counter decreases and the 

modifier increases 

In the case of a) the counter decreases by one and the modifier 

increases by the same amount. In the case of b); every time one is 

subtracted from the coun'te'r, one is added to the 2-bit * counter. 

This overflows into the modifier-part so that four is subtracted from 

the counter for every one added to the modifier, The *. counter may 

thus refer to one of four characters to be packed, unpacked, eto. in 





CHAPTER 8 

SUMMARY OF THE FUNCTION CODES 

8.1 General

Each function is given an octal (radix = 8) number and this corr-

esponds to the actual binary configuration of the number inside the 

computer. For example, the internal representation of the 152 function 

is: 

1 1 0 1 0 1 0 

L-Y-1

2 

it will be seen that 1528 = 11010102

The function code is made up so that similar functions are grouped 

consecutively, and such groups are referred to by the two most Sign-

ificant digits of the digit octal number assigned to the function® For 

example, functions 041 to 047 which comprise the multiplication and , 
division instructions are referred to as group 4, and the 041 function 

would be defined as group 4, function 1. 

3.2 The function code 

Teaeral 

The following few pages show the whole of the function code and 

section 8.4 contains a key to the nomenclatures 

'.The speeds of operation refer to the 1904, 1905, and 1909, the 1909 

having the 6pLs core state. While the other Machines in the series can 

use the same function code, the 1902 and 3 perform orders more slowly 



• The 13 to 17 group in ructions are mac -) Y t;truction, involving executive 

sub-routines :• the method of entry tothese is as d in sect on 80.5. Except-': 

dons to this rule are 13 &oupyfnnotions 2. to 7 on. maehine5 with floating point ". 

unite. 

000 

001 

002 

003 

004 

005 

006 

007 

010 

011 

012 

013 

012f

015 

016 

017 

020 

021 x v 

022 

023 Obey ri as an i.ns 

024 

Notes 

store store 

18 be set on exit

18 7 but C ; r cleared 
8

7, 
-7 1)18 

18 7') ovc3 t be 'et Sign 

'8 of nit 

18 7 C, r set approp 

18 7 

18 

18 

18 

i act oh&raoter 

4,1 



Function Description Time (.sees 

2psec 

store store 

18 

18 

18 

'18 

18 

18 

18 

18 

18 

18 

18 

Notes 

7 Extract exponent 

7 Test equality 

7 Test equality.

7 

7 Clear n 

7 Insert character (6 bits): 

7 Insert exponent (9 bits) 

7 Insert xa (12 bits) 

Inseri, x (15 bits) 

*modifying increases these time by 6 secs or 2 ctivelyq.. 



Function 

040 

041 

042 

043 

044 

045 

04.6 

Description Time (useos)

ec 

store store 

x:' n,x 

x:1 = 

x:1 n.x 

x:1 -= 

047 = 10.x: 

= Character 

050 Branch if x = 0 13 

052 Branch if x / 0 13 

054. Branch if x 0 13 

056 Branch'if x <. 0 13 

060 Single word modify 13 

062 Alternate word modify 13 

064 Character modify 13 

Not 

67 40 

67 40 

72 41

• 58 27 

45 . 

070 Subroutineentryy 

072 Subroutine exit 

074 Branch on condition X 
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15 

12 

5 

5 

5 

5 

5 

Unrounded multiply 

Rounded multiply 

Semi-cumulative multiply 

Decimal-binary conversion. 

Unrounded double length 

division (remainder to X 

Rounded double length 

division (remainder to X) 

Unrounded single 

division (remainder 

Binary-decimal conversi 

Add 1 to modifier 

Add 2 to modifier 

5 Add :47 to modifier 

(subtract 1 from counter • 

branch if counter non--zero) 

--- Store ONR and V in -x, 

clear V, branch to N 

-Branch to N a x9 V reset 

as at entry unless set by 

subroutine 



- Funotion Description 

X =.0 unconditionally 

X = 1 if V set 

X = 2 if V set, char V 

X -= 3 if V clear 

X = 4 a.f V clear, clear'V 

X 5 if C set 

6 if C clear 

X =.7 if.V clear, invert V 

Time Notes 

64sec 24sec 

store store 

0 N + e 
1?

.101 x4 x + N + 0 12 5 As 000-003 but N 
. 

102 - N -- 12, 5 used in place of-ry 

10  .N - o 12 5 
101 N + 12 5 

105 N + c 12 5 As 004,-007 but N 

o6 x@
- N - 12 5 used in place of n 

107 x4 ...: x - N - c 12 5 

110 Left Shift x,Ns places 18+NS 6 + Ns N,t = 0,Cycle shift 

111 Left Shift x:,Ns places 42+NS 15 + N 5 Nt 1,Logic shift 

112 Right Shift x, N
s 
places 18+NS 6 ..-F i N,t = 2,Arithiiagk 

113 Right Shift x:,Ns places 42+NS 15 + Ns N = 3,3 ecial shift 

112.1-- Normalise x 37+Sh + Shift 

115 Normalise x:. 42+Sh 16 + Shift 

120 x & N 12 5 As 020-022 but N 

121 x' x v N 12 5 used in place of n. 

122 x' x / N 12 .

123 No operation 7 3 Dummy instruction 

121+ -x = N, x' = o 13 c m Set counter 



Function Description 

125 Set Mode N 

Block Transfer 

= Checksum 

Time, 4 

6p.sec 24sec 

store store 

8 

32+12N 13 + 4N N words from address 

x to address x* 

52+- 7N 1 + 3N Sum N words from 

address x' ignoring 

overflow 



Function 

130 convert ixed floating 

131 convert floating point to fixed 

132 a: + t 0 of X is "1", don round 

133 a: . a o..t 1 0f X is "1 11, dons t

134. . nt ise. If bit 2 of X -is 

135 = rse positions of a..:! and ,n 

136 a. . 7 = n.: Bit 0 of X "0". 

Clear a: Di 0 cif X is "1". 

137 n:2 = c: Bit 0 of X is 'On. 

: B Lt C1 of X is 9v1 a3

and clear a: 

150 Suspend me if my unit X of type N is busy 

151 Release my unit X of N 

152 Disengage my unit X of type N 

153 Place in my register. 9 the control: word of 

X of type N 

Read' more program rom my unit X of typo-

155 ' Suspend and ciuup on my unit X of type N 

156 nAllccate to me a unit X of type N 

157 Peripheral operation: operation defined in the control:` 

area N to N1-3 

160. , X = 0 Suspend the prG gram awaiting operator message and 

printout the mess in, the area defined by control. 

= 1 As above w thout program suspension 

2 Delete this program treating the message in the area.

defined'by control word N aa though input by type-

riter 

161 X = 0 Suspend thls program awaiting operator message and 

type, out N a Jiara 



Description 

As X = 0 without program 1, pension. 

X = 2 Delete this program, 

characters 

162 Suspend me if my sub-program 

163 Adtivate my sub-program X at 

Suspend the sub-program awai. 

X is a ve 

ins traction N 

ing activation 

by the main program and release main program 

if waiting 

Place binary date (clays from lst Jan 1900) 

X 

Place date in character form in X: 

Place amount of core store allocated to t 

program in X 



8®3. Executive or e 

When ExecUtive is entered the Exce tive mode histable 

(further described in section 9.5), axni certain instructions the

order code take on different meanings to those set out in the previous 

section. The instruction effected are tl e 125 and 
1,70 to 173, and their 

rea3 the con ents of bits 0 to 6 of 

the N register to bits 15 to 

the P register. 

The use of bits 15 to 21 of the P register when the computer

in ExeCutive mode is as follows 

0.-14. order number 

P15 set zero suppress on on 0 t n- insructio

P16-18 not used 

19 add datum to N 

P20 
add datum to X except in groups 04, - and 0 

order 

P21 add datum to M 

P22 
carry 

. 

P23 
overflow 

. 170E x8 = SRn read the contents of special register 

accumulator X. 

171E SRn' = x read the contents of accumula o 

tai special register nn 

utive 

read the contents of store location 

L, and G. 



Special registers (SRn) are numbered. in the range 0 to 65. 

Special registers 0 to 63 are as.igned to peripheral devices and con-

tain control data, and special registers 64 and 65 are the, two reasons 

for interrupt registers: their use is described in Chapter 9 but need 

not*.be,considered for the time being. 

8.4. Function. code nomenciatu 

a refers to the content of the floating point accumulator* 

C is the carry register and c is used in order GOO to 017 and 

100 to 107. C is always left lear.by any order unless that 

order sets C” 

M is a modifier register (registers 1 to 

m is the content of register M.

N is a core store address or number 

Nt and Ns comprise the most significant 2 bits and the least significant 

10 bits respectively of the 126bit address.

is the content of register N.. 

= n x means that, the result of adding n and x replaces n 0 

beinc, altered. 

J is any one of the four 6-bit Characters of n, 

ONR is the order number register (bits 0 to 114. of P 

S is the sign bit or the most significant bit. 

V is the arithmetic unit overflow register. V remains set 

until cleared. 

is an accumulator (registers 0 to 7) 

x is the content of register X. 

xa is the least signifigant 12 bits of X. 
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(the signed floating p t exponent) the leas 

9 bits of the contents of X r 1. 

is the least significant 15 bits of X. 

is the content of X 1

is the content of'X and X + 1. 

8.5 Fl oatin hardware and softwa times 

significant 

The use of a floating point hardware unit speeds up floating 

oint operations considerably. This is shown in the following table 

comparing times by the hardware unit with times taken by the Executive. 

Addition 

F. PO hardware 

10 µsecs average 

!I 

400 µsec 

400 . " 

435 

450 

anove times are for machines with 248 core stores. 





CHAPTER 9 

THE MICROPROGRAM 

rt 

901 General 

The microprogram is a hardware program responsible for the 

sequencing of machine orders and hesitations* 

g 

kd 

The sequencing of any machine order may be b 

1) preparation of order*

2) execution of order*

3) end of order* 

oken Int o three parts;l. 

Ahy of the above may be broken int* by a fourth sequencing, hesitot--

ions. 

Many blocks of sequences are available to the microprOgraml and 

these are shown on drawing 1dg/1900/0092, now known as. LSO to L50. 

92 Conventions on drawing; Up/1900/0092 

Drawing Lre,(1900/0092 provides a convenient method of working 

through the microprograms of the various order groups andhesitations 

of the computer. Once an engineer is familiar with the method of reading 

the drawing, it is probable that he need refer only occasionally to the 

detailed explanation given in the Technical Manual. Each function, 

group of functions, or hesitations has a separate sequence block, and 

these are indicated in the boxed titles above sequence blocks 

Points of entry or exit from these blocks are located at the large 

circles which contain the name of the waveform which is activated to make 

such an entry or exit possible. For example, on completion of any order 

group ending at circled waveform MEO, the end of order sequence is entered 
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at the corresponding circled waveform. 

The boxes within the blocks contain the name of a microprogram 

waveform (prefixed by M) and one or more central control waveforms. 

The microprogram waveform in any box is set up as a result of the 

central control waveforms, function codes etc., which were present 

previously, and it in turn primes the bistables which produce the 

central control waveforms shown in the box. These bistables are act-

ivated by the arrival of a clock pulse, and as there is normally a 

clock pulse every microsecond, it will be seen that any instruction is 

carried a step forward once every microsecond. 

The square brackets within the sequence blocks indicate various 

actions and these are as set out below. 

a) operations in which the microprogram waveforms shown result 

in information being strobed, at the clock time, into the 

register specified: e.g. highway Q to A register. 

operations in which the microprogram waveform shown results 

in information being passed to a highway by forcing the control 

waveform mentioned: e.g. register A to L highway. The contrll 

waveform is forced in the sense that the bistable which prodl es 

the waveform is triggered at the collector rather than base 

so that no strobe pulse is required. 

operations in which the microprogram waveform shown is re-

sponsible for allowing, or inhibiting the action specified e0 

inhibit register B15-23 to K highway. 

The small circles which lie on the lines connecting blocks boxes 

and brackets are NOR gates, and the conditions indicated have to be met 

before proceeding past them. 

Where two or more short lines are drawn towards such a gate, all.

the conditions indicated have to be met. The small letter "v" indicates 

an "or" action where only one of the indicated conditions need be met: 
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in such a case, only one wiea be drawn toward the gate. 

A line drawn over any of th3 inputs to these gates indicates that - 

that input must not be present: 3.g. . 

9.3 Sequencing. of orders. and hesitations 

The microprogram sequencing i shOwn in full en drawin 

0092 and a simplified block diagram is shown on Diagram 13. 

The sta. dng point of any sequence is at the conclusion of end of 

order in the extreme .eft centre of ILp/1900/0092. The first decision 

to be made is whether or not to enter the hesitation sequence. If there 

is a hesitation request signal HR) from hesitation control, the hes-

itation sequence is entered, and a 

or from, a peripheral. If there is 

next consideration is whether t:er 

enter Executive. Thds dee is 

possible reasons for interrupt. 

or 

word or oharacter is transmitted to 

no hesitation request signal, the 

.is any reason to interrupt i.e. 

based on a signal from any of the 

If neither interrupt nor hesitation request signals are present, 

computer may continue with the current program and enter preparation 

order. Preparation of order reads the next. instruction in the program 

from. store and sets it up in the instruction registers. 

Wilereae acme instructions require only two of the 24 bit registers 

in the arithmetic unit for working space, others require all three, and 

the points of exit from preparation or order from these two classes of 

instructions are at MEP1 and, assuming there is no fast hesitation 

request present, MEP2. 

Entry to the order- sequence are likewise at points MEF1 or MEP2, . 

and which order sequence is entered will depend Upon the functrion code 

of .the present instruction. 

Orders are divided into three types, and these are sho 



very long orders. 

9.3.1 Short orders 

Short orders can be accomplished at such a speed that they do not 

warrant hesitation sequence break points. These orders do not require 

three working registers in the arithmetic unit, and exit from preparation 

of order at MEP1. Upon completion of the order, short orders generally 

enter the end of order sequence at MEO, two exceptions being an illegal 

operation and an 023 instruction where end of order is entered at ME01.' 

An example of a short order is an 001 instruction, there being no 

hesitation break point from start to finish. 

9.3.2 Long orders 

Long orders take longer to complete than the permissible waiting 

time for a fast peripheral and, as this is the case, a break point is 

provided part way through the sequence where a fast hesitation request 

may cause entry to hesitations. 

These orders require the use of register P as a working register, 

and preparation of order stores the content of register P in the core 

store prior to exiting at MEP2 into appropriate sequence. Entry to end 

of order is generally at MEO 0, exceptions to this rule being in the 

case of the 113 and 111 tions with a shift of zero places. 

these two cases entry is at MEO. 

Long order 

peripherals. 

are never interrupted by hesitation requests from slow 

An example of a long order is the 040 multiply instruction. With 

this order there is an opportunity for a fast hesitation immediately 

prior to exit from preparation of order, and further opportunities each 

time a circuit is made of the 'loop half way down the multiply sequence 

block. 



9.3.3 Very long orders 

Very long orders take more time to complete than the permissible 

waiting time of either fast or slow peripherals, and hesitation break 

points are provided for both types, 

Very long orders leave the preparation of order at MEP2 and enter 

the end of order sequence at MEO 00.

An example of a very long order is the 126 block transfer inst c-

tions As with the long order, there is an opportunity for a fast 

hesitation request prior to the exit from preparation of order, bu 

at each circuit of the loop in the 126 instruction sequence block, 

there is a test for both fast and slow hesitation requests 

94 Hesitations 

Due to the differing data transfer rates of various periphera 

they are divided into o classes and the relevant hesitation requests 

are designated: 

1) fast < 100 mieroseconds, 

2) slow > 100 .microeeconds, 

Hesitation requests are initiated at random times and may occur 

immediately after one of the longer types of instruction has started, 

This is why, in long and very long orders, there are hesitation break 

points spaced sufficiently close in time to accommodate any fast periph 

-erals' maximum waiting time, 

The hesitation sequence block is located at the right hand side of 

drawing LW/1900/0092 and has three points of entry: 

MHES 0 hesitation entry for fast or slow peripherals 

originating either between the finish and start of two 

successive orders or during the execution of very long 

orders 126 and 127, 



MHES 10 - hesitation entry for fast peripherals originating 

during the execution of long orders, 

MHES 11 - hesitation entry for fast peripherals originating 

at the end of preparation of order. 

If a hesitation occurs during a long or very long order, the con-

tents of the B and N registers are stored in the core store so that the 

order may continue from where it left off when the hesitation is com-

pleted, If a hesitation occurs just before the end of order sequence, 

no storing of operands is necessary. 

9,5 Macro-instructions 

The 13 to 17 group instructions are, with a few exceptions, macro-

instructions which are sequenced by Executive sub-routines. The except-

ions are the 13 group instructions 2 to 7 on machines fitted with a 

floating point unit, 

The macro-instructions cover floating point operations, and periph-

eral and program control: in all cases they involve an entry to Executive 

at absolute store location 32, the entry being termed voluntary as it 

is the result of a programmed instruction. 

Exit from preparation of order is at MEP1, from where the group 

13 to 17 sequence is entered. This sequence stores the modified N-pa -L 

of the instruction in store location 1, and the instruction itself in 

absolute store location 2. Exit from the 13 to 17 group sequence is at 

ME0 from where the end of order sequence is entereda As a result of the 

end of order sequence, the next instruction number in the program is 

stored in datum + 8, the Executive mode bistable is set, and Executive 

is entered at absolute store location 329 Executive then performs the 

sub-routine indicated by the instruction stored in absolute address 2. 

The Executive mode bistable is s or all the time that the computer 

is performing Executive routines, It results in certain instructions 



taking on a different meaning (see section 8.3) and the suspension 

of datum addition and,datum limit testing except as specified by P19 

to 21 (see section 8.3). 

9.6 Timing

Timing throughout the computer is controlled by a one megacycle 

clock and the interval of time separating the leading edges of con-

secutive clock pulses is called the digit time. 

1 Digit time 
= 1 µsec. 

Clock 1 Clock 2 

Progress through each box of a sequence takes one digit time, and' 

any operations associated with that box are accomplished during that 

time. The clock timing is modified slightly for core store operations& 

9.7 A microprogram sequence ® the 001 instructions. 

The microprogram sequence shown and explained on Diagram 14 is 

intended to familiarise the engineer with the drawing conventions used, 

and the timing involved, in a typical sequence. The sequence is extracted; 

from drawing up/1900/0092 and is that of a non-indexed 001 instruction 

The instruction being executed determines the route taken through 

the overall microprogram sequence. The 001 instruction is classified 

as group 0, function 1, and it. will be seen that all the gates (small 

circles) in the route taken on diagram 14 respond to that group and 

function. A different instruction would activate other gates and a 

different sequence would result. 
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CONTROL OF FTXI T 

10.1 General 

It was mentioned in Chapter 4 that the 1900 series of compute 

has a mixture of standard and special contr .s 

The parent computer, the I.G.T. l 00, originally had a different 

type of control, box for each type ofperiphera,l and these were designed. 

to each peripheral's specific requirements* On all 'but a few early 

machines the 1900 type control boxes are superseded by standard int • 

face controls and only in a few Instances are the original control 

boxes, now referred to as special controls, to be retained* 

The reasons 

instance, the high 

control be 

of writing. However, 

agne 

the special control vary. For 

system 1974) uses a spec 

it is too fast for the standard interface at; the time 

en impending improvements in the hes etation. 

system take place, it will be possible to build future 197 tape systems 

to standard interface requirements. At the other end of the speed scale, 

the console typewriter uses a spa 

every machine and gains no advan 

peripheral. 

,r
of because it is used on 

being made into a standard 

Where the central computer•logic is, concerned, both types of periph-• 

eral control are treated in much the same manner. However„peripherals • 

with special controls use the control and data signals in the form in 

which they are produced. by the er.trat compu er whereas standard inter-

face .peripherals u.se them in a mod form which. complies with the 

requirements for standard interface devioes, 

The cent -of per 

applied to both types 

heral transfers i, described in. this chapter as 

peripheral control, nd Chapter 11 describes 

the way in which the compute: peripheral control signals are converted 

o/i 



into IoCfTe standard interface signals and the somewhat different 

.Exebutive procedures which are necessary. 

10.2 Control and data lines 

The diagram of the arithmetic unit (Diagram 25) shows the BIN 

(peripheral in) highway gated onto the Q highway and the BOUT (pea,-

pheral out) highway gated off the K highway, These,two highways are 

used to pass data and control information from each peripheral control ' 

box to the computer and. from the computer to the peripheral contra 

boxes respectively. . 

Gated off the N register is the BAD (peripheral address) highway 

which is used by Executive to address peripherals, each peripheral con-

trol box having a dedoder which responds to one parLicular pattern on 

the BAD, highway. 

Other control lines between peripheral control boxes and the computer 

carry the signals HR (hesitation request), HS (hesitation select), BRST 

(peripheral reset), BSTOP (stop transfer) and PINT (peripheral interrupt) 

and these are used as follows. 

a) HR - the hesitation request lines are used to carry hesitation 

request signals from the peripheral control boxes to hesitat-

ion control. Such a signal is transmitted when a peripheral 

is ready to send or receive a word or character. 

HS - a hesitation select signal is returned to the requesting 

peripherars controltbx as soon as the computpr4s able 

handle the request This enables the selected peripheral to 

transmit or recekve data and also gates in BRST and BSTOP. 

c) BRST - used in conjunction with HS to produce RESET inside the 

requesting peripherals control box. This resets certain bis-

tables inside the control box in order to prepare it for a 

fUrther hesitation. In the case of output devices it is also 

used to gate data into the selected control boxy 



BSTOP — when the requisite number. of words or characters have 

been transferred, the hesitation microprogram sends out the 

signal BSTOP which is gated into the selected peripheral by 

HS. BSTOP prevents the peripheral control box asking for 

further hesitations and results in an interrupt. 

peripheral, control box sends out this signal when a 

peripheral ,ransfer stops for any reason (section 10.5). Th 

PINT lines from the various peripherals are mixed and any one 

becoming active causes an entry to Executive which then 

determines the ce.us.e of the interrupt. 

1003 Setting up  a peripheral tran.sfer 

When a program is firstentered any necessary peripheral units 

which are not being used by r programs may be allocated to it by 

Executive. In some applications en oh as the printing of results,. a

peripheral may not be needed during the early parts of the .program 

and it is more efficient to allocate the peripheral to the program 

immediately before it is requir The i56 order is provided for this 

purpose and allocates a peripheral of type N to a program, naming it 

- unit X.. Th.e reverse is true of in ut.peripheralS which may only be 

required at the start of a program: the 151 order is available which 

removes the peripheral unit X of type N from the peripheral, list of 

the program. 

A programmer numbers his units ny particular type from zero, 

and Executive types out on the console typewriter the correspondence 

between the programQs -numb and the numbers actually on the 

peripherals allocated to it by 

When9 during the course of a pro 

requited, a '157 order 

a pe action is 

given. This takes the form shown belew. 

2 2) 



' is the function number and cal le for a peripheral operntion 

X specifies the unit number of the peripheral 

M modifies N in the normal manner: 

W specifies the first address of a 4-word control area.in the 

core store: this contains the following infermationn 

peripheral type transfer Mode 

in '1', x rather than X is the unit number 

made e /

23 
Address N 2

Address N 

reply word 

when order has been obeyed 

character/wordisector, transfer count 

22 21 

sector count for disc file 

15 14 

transfer starting adirese! 

character starting address 

The control area must be set up by the programmer somewher 

his program prior to the transfer order being given. 

The 157 instruction is a macro-instruction and, if common with .all 

other macro-instructions, the N-part is placed in absolute store address 

1, the instruction, in absolute store address 2, and the content of re-

gister P in the program's datum e 8. Executive is then entered at 

Ideation 32. This type of entry to Executive is referred toeis a -P 

unttry entry because it is the result of a programmed instructions 

Each peripheral control unit has a special register for 'Jela-CJ,J, 

rol data and also a core store word permanently associate i. eeel 

word is called the control words Using the information avei:eable ee eee 

instruction and the 4e.word control area, Executive addresses the periphe:Al 
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to be involved in the transfer via the BAD highway and ensures that 

it is not busy. If it is busy, 1 is subtracted from the content of 

datum + 8 (i.e. instruction number + 1 - 1) in order that the program 

may be re-entered at the transfer instruction at a later date. Another 

program is then entered* 

If the peripheral is not busy, Executive picks up the information 

in N + 2 and .N + 3 of the control area which defines the store transfer 

area, and places it in the peripheral's control word* Executive also 

picks up the transfer mode from word N of the control area, loads it 

into the special register in the control unit and starts the transfer. 
• 

The program is then re-entered at the instruction number stored in .

datum + 

Peripherals such as magnetic tape and disc file require a larger 

control area than simpler peripherals as additional quantites such as 

the transfer area on the peripheral must be specified. 

It should be noted that since the starting address of a transfer 

area, takes up 15 bits of a peripheral's control word, only 9 bits are 

left to specify the number of words, characters, or sectors to be trans-

ferred. This limits a peripheral transfer instruction to order a max-.

imum transfer of 128 characters, or 512 words or sectors (see section 

7.8 for counter modifier/control word format). 

10,4 Hesitation requests 

10.4.1 Hesitation. select 

When a peripheral control wishes to have access to the central 

computer in order to extract or insert a word or character, it sends a 

hesitation request to hesitation control in the central computer. 

Various peripherals may send in hesitation within a space of microsecond& 

and, when this happens, they engage in a "race" in which fast peripherale.: 

are given precedence. 



re 

It 

the output of NOR B before 

A fast periph 

the time of entr‘ 

and NOR A are mu 

the other, 

may. 

Dia snows the hesitation select system mplified form. 

ation requests enter at the top of the diagram., ti fast requests 

OR-gated ,ogether in one block and, the slow requests e other. 

The diagram is simplified in -,hat in practi ,e each block accepts up to 

10hositatior request lines•emel 

hes t tion request lines and 

When a 

:in the ex uti on of 

s64uen 

in Sec 

more immediate so d 

itation break point 

is Tao 

blocks for f 

ei request arises? the con 

microprogram sequence'ai a irz the course ̀ of' these 

fast and sicw• he  'creak is 

be appreciated that fast peripxh.erals requi 

oe at any point 

, slow ones and, because of this, 

are more numerous. Inc ces OSLER 0 
request and OFfiR (fast hesitation requec 

the t} pe of hes. 

current instructi 

breakpoint as appropria 

be processed and 

st hes-

hesitation 

Anform the microprogram of 

exit is made from the 

he hesitation Micr rogram v 

requesting peri-

ion microprogram gives rise - ) a signal 

and 'this ;2 4 e NO1 NOR. B immediatel7; A a s.iight delay 

(approximately 70 fast hesita or request arise r a slow 
one, but prior to t entry to the hesitation microprogram, the fast 
hesitation OR output MJRB 1 (hesitation req loc appears at 

NOR A. 

fast or slow 

tation 

the 

;air ,-,edence 6ver a slow one right up to 

hasitat:, microprogram. The outputs of NOR B 

exclusA 

SLOW request out appears 

the one that outputs first inhibits 

Assuma , that NOR A is activ-ated, CSB 0 block. 0) s applied 
NOR 1 2 arid 3, If more twirl one -slow he ]i'tat_oir requo i5 present, 

then more uhan one BHS (hesitationselect) line tend to be activated,. 
The outputs of NORs 1,a, and 3 -are, however, exclusive and, of 
the'enes with PH R app,l.ied at ineeir input fastest (the one.whieh,• by 
chance, time) will output and hold the other. 



two. If only one 

BHS. 

is present it will give rise to the corresponding 

So, as both the block selection and the hesitation select selection 

are mutually exclusive actions, a number of hesitation requests all 

occuring within a short time will result in one peripheral being sel-

ected, and if any of the requesting peripherals are fast a fast per,-

ipheral will be selected* 

10.4.2 Identifying the selected peripheral 

In order to proceed with a hesitation, the type (input, word, etc.) 

of the selected peripheral and the address of its core store control 

word must be available to the hesitation microprogram. These quantities 

are generated in hesitation control (top of Diagram 16) and the logic 

producing them is activated by- BHS via a line, BEN* 

The control words' addresses are generated by a group of 6 NOR 

elements giving up to 614. control wordsr and the address generated during 

a hesitation depends upon whiph of the NORs are driven by the BEN line 

associated with the peripheral taking part in the hesitation. The BEN 

line of each peripheral is also taken to the word and/or input, or card 

mixes, and the output of these mixes indicates the correct hesitation 

sequence for the peripheral, 

In order to standardise installations, a table of standard allocat-

ions has been prepared which lists BEN waveforms (which are numbered)and 

the control addresses they produce, against peripherals. The number of 

BEN waveforms and associated control words considerably exceeds the 

number of peripherals likely to be found on the average installation, and 

when a further peripheral is attached to any machine, it is only necessary 

to connect it to the next available section of the selection logic and 

link the BHS line to the BEN line allocated to that peripheral. 

For example, paper tape reader 1 is always associated with BEN Li. 

which, when activated, always results in control word address 68 being 
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generated. The control word'sad.3re ss is the BEN line number plus 

64 as indicated on Diagram 

10.4,3 Transfer of a word. r r eharaet 

The hesitation micr program controls 

a) n.sfer of operands 

g four actions 

e in the current instruction from 

registers B and N 'to the programs store l scations 9 and 10. 

b) extraction of the control word from the control word's address 

and its return in suitable modified form, 

c)- transfer f a word or character between peripheral and store, 

d) return of operands in use in current instructicn from programs 'S ....,

store locations 9 and _0 to registers B and N, 

The first and last of these actions 'only take place in the case ofe

hesitationS which start part of the way through a long order (section 

9.4), They, are by-passed in the case of 1-epitations which start between 

successive orders, They are she 1 .as part of the hesitation microprogram' 

on Diagram 16 but a,re not part tuai transfer of data, 

The hesitation mioroprogram i.niti ,tes a read pause write store cycle 

and, as the control word's address has arrived on the SAD highway from 

hesitation ,control., the control word is read from store during the read

pause In the arithmetic unit the address part of the control word is 

increased by I (or * as explained in section ,8) and the counter part 

decreased by 1. During the write part, the modified control, word is re-

turned to the store, a copy being retained in the B register, The 

address of the data 'to be transferred, which is arrived at by subtrac 

• unity from the address part of the modified control word retained in 

the B register, 'is then applied to the store on the SAD highway, and the 

second read pause write store cycle is initiated by the hesitatiOn mic-

roprogram. 

During the second read pause write cycle 'the data` gated, under 

control of the hesitation microprogram, either from the store during the 
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read part and out to the peripheral SIN and. BOUT; or in from the 

peripheral, via BIN and BOUT to toe e, daring the write part. In 

both cases BRST is isseed by the 1-esitation miomprogram around the 

time of the transfer and resets the peripheral and :control box in 

preparation for the next word. or eharacter transfer. 

The conten 

to B and N and, 

stere 9 andl.(Yare then restored, if necessary, 

no farther hesitation request is awaiting attention, 

the general microprogram is re-entered. 

If, during the hesitation, the counter becomes zero, indicating 

the last word er character in the transfer, the hesitation microprogram 

sends out the signal B STOP to the peripheral, and. the peripheralcauses 

an interrupt and entry to Executive. This is discussed further in the 

next section. 

10.5 Ending a peripheral ;::r.; .nsfer 

When a peripheral transfer stops, the peripheral control- box. sends 

out a signal PINT (peripheral interrupt). The ourrent program is then

interrupted, the next control addrsss stored. in datum el- 8, and Exeeutive 

entered. The entry made to Executive in the ease of a peripheral inter-

rupt is at store locatien 16 and is known as an iweeluntary entry be-

Cause it is not a pregrammed entry. 

In the computer are , master "reason for entry" registers known 

as special regist,ers (SR.) 6l and 65. Any cause of involuntary entry to' 

Executive gives rise to a one being present in SR6if or SR65 in a position 

corresponding to the reason for interrupt. Most of these reasons are 

peripheral :incidents, anal, the PINT lines from the various slow peripheral 

control boxes are each allocated a position on SR6L, while the PINT lines 

from the fast peripherals' control boxes are each allocated a position 

on SR65. 

A peripheral transfer may cause interrupt either because a transfer 

has finished or because some fault condition has arisen. Either of 



e reasons is stored in the - nal on .l p cda 

star to be confused with. She and 65) 

7Zs 6.4, and 65 and identifies the 

causing pt. Tna ason 

iphe raj.. con unit is then. intorr 'nted. and takes a 

appropriate to th.oreason for peripheral :Lnterin pt Bo gle, 

the transfer has successful, any program wach has been suspended 

because it wan awaiting the peripheral is reactivated ands if unsuocess 

the program 

utputted. 

i the transfer is d and a typewriter.message 

Having dealt wi the peripheral int '„?. rot pt Ex e ou 

further look at SRn 64- and 65 and, if there are no fur 

11 rzupt , enters the lob nh . prio dty- program available, 

10.6 Reaaing, Sits 6 and ecial re 

I 0. 6 e 

The: 170 instruction hns a diffare.nt assigria . . vhen the computer 

is in Executive mode, and is used to • order the transfer of the content 

of the spec' register spociffied by n-part of the instrue 

the accumulator specif :bed by tlr,, ,rt 

As already explaDA d i.,-) cause r, i. on interruptis ascertained by 

te r ro ,-- •cting SRE 64 "and 6 Or entry to &.(i'i 0 Li t 1.V e , r I 70 order is g .,,„ 

a N part equal to 65 and the o teat of 8R65 s transferred to 

accumulator 

sated. in ,'.R65 

the BIN 

could be sp0,), 

If the cauAL 0 :for .1:c-twerrupt 

will 1)e P nt to 9,c:simulator.

Ex e ou detormin6o thH who the "1", and hence the reason 

for pt, by doing a normalising ccu on the contort of accumulator 

-X. the cc pis no indication of interrupt. in SR66, SR(.7.4 as t eated. :in 

• the same way, 



SR64 is zhoWn near the top of Diagram 17, and the 170 EXM 

microprogram order sequence produces the various waveforms which gate 

the content of SR64 onto the BIN highway and thence to the B register 

via the Q highway.: 

1006.3 Peripheral special registers

If the cause for interrupt is a peripheral incident, then as a 

result of interrogating SRs 64. and 65, Executive loads the address of 

the interrupting peripheral control box into the n-part of a further 

170 instruction, This instruction is given and results in the content 

of the special register of peripheral control box n being transferred 

to accumulator X. Executive may then examine the content of X and 

decide why the peripheral has stopped. 

Diagram 18 shows the peripheral address n gated from the N register 

onto the BAD highway. The BAD decoder in peripheral control box n 

responds to this particular address and, generates Executive Select (ES) 

which gates SRn onto the BIN highway and thence to the ''B register via 

the Q highway* Again all the gating waveforms are produced by the 170 

EXM microprogram sequence. 

10.7 Loadin erioheral s ecialr6isters,

As already_ stated, when the programmer requires a peripheral transfer 

he must supply the computer with such details as the type of peripheral 

required and the transfer mode. 

When a transfer request comes up in the program, and Executive has 

made sure that the peripheral is not still engaged with some previous 

transfer, Executive makes available the transfer mode in accumulator 

and the peripheral number (say a) in register N. A 171 EXM instruction 

is then given, 

When the computer is operating in: ecutive mode, the 71 instruction 



orders the transfer of the content of the accumulator specified by 

the x-part of the instruction to the peripheral special register 

specified by the ri-part of the instruction. This results in the mode 

being transferred to the selected peripheral's special register. 

Diagram 19 shows the required peripheral special register being 

selected in just the same way as with the 170 EXM instruction. This 

time however the mode is read from accumulator X to the B register, . 

and then via the K highway, to the BOUT highway and the special register 

of the peripheral control boy whose BAD decoder is producing B.S. in 

response to n. All the gating waveforms are produced by the 171 EXM 

oprogram sequence. 

10.8 The special hesitation. facili

Some peripherals, such as unbuffered versions of broadside-fed 

card punehes and line printers, require he same block of characters 

- presenting to them seVeraletimes in order that data can_be - oUtput On. 

them. 

For. example, each column of a standard 80-column, 12-row card 

represents .a character. When such caeds are punched out on a broadside : 

fed punch, they are punched row by row„, and the same 80 characters must 

be. used to activate the appropriate knives for each of the 12 rows 

punched. 

If the card punch has a buffer store of 80 characters capacity 

then once the buffer has been leaded, punching of a card can proceed 

autonomously. With unbuffered punchee hewever,the 80-character block 

must be transferred from the core store 12' times: once per row. In 

order to facilitate this without Executive action, each card punch has 

two core store control words associated with it. 

The firet control word contains the original character count 

and starting addreop4 as copied, from prograMby Executive, 



throughout the transfer.; wh le the second is used by the hesitation 

microprogram to bring out the 80 characters in the normal manner. As 

each row is punched out, the second control word counts down to zero 

as usual, but prior to the next row being-Tunchedttheesecond control 

word is reset by having the content of the firstecopiedeinto it. . . 

The resetting of the seoxac control word is accomplished by 

a special hesitation, and in the case of the- card punch is carried 

out as follows. 

/hen a card punch operation. is requestedn a program, Executive 

loads the first the punch's control words with the character count 

(< 80) and starting address as usual. The card punch control unit. 

has two hesitation requests sun two hesitation select lines, and one 

of these pairs is used in conjunction with the special hesitations 

sequence. 

At the start a d punch operation the-firstliesitation . e

he computer on the special heSitd*OP. reqnest 114 

This is answered by a special hesitation select. The*Iect signal 

causes the hesitation microprogram to run through a-.spebial.routine 

which copies the content of the first control word -into-the next store 

request is sent to 

address up. 

The special hesitati

control unit to activate 

there follows a series of 

specified by the second, control, 

signal also enables;.,:: the card punch..:..

ary hesitation.request line, and 

hesitations in which.` the characters&• 

ord are transferred to the punch, 

When the control word counter reaches zero, BSTOP is sent to 

the peripheral as usual. As 

BSTOP does not have its us=ua,

a further special hesitation. 

of the first control word, 

re-copied into the next store address, and, a repeat -of ordinary 

hesitations spec ed by the second control word,.;;:.:

there -are more rows yet to be punched,' 

effect of ending the transfer. Instead, 

vitiated which results in the 

has remained unchanged being 
, .e 



When' the last ror has been punched, the BSTOP sent out by the 

computer has its normal effect and PINT goes to hesitation control as 

usual. 

A peripheral using the special hesitation facility takes up 

considerably more of the computer's time than the equivalent peripheral 

fitted with a buffer store. An unbuffered card punch for example, 

needs 972 (80 x 12 ordinary plus 12 special hesitations) hesitations 

per card, as opposed to 80 for its buffered counterpart; and an 

unbuffered 64-character line printer with 120 characters per line needs 

7744 (120 x 64 ordinary plus E4 special hesitations) hesitations per 

as Opposed to 120. for its bUffered counterpart. This increase 

often considered worth while compared with 
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,T, STAND D INTERFACE 

11 1 Genera 

The I C.T.- standard interface has been introduced in order that 

as many peripherals as possible will have the same type of control 

and data signals, with the effect that almost any LC T peripheral 

may be plugged into any I,C,T, computer with no modification. 

In order to convert signals that pass between 1900 series computers 

and their peripherals into standard interface signals, the early 1900.
control boxes are being replaced by standard interface controls.- 

These controls are equipped for straight through transfers only and 

any decoding of control or data characters must take place at the 

peripherals themselves-. Thus,, while the standard interface controls 

at the computer are quite simple, the peripherals' stand:79ff logics 

are complex and capable of receiving, interpreting, and transmitting 

control information and decoding or coding data ,

As hesitation and peripheral control signals are dealt with one 

at a time, it is possible to multiplex some of them in a single piece 

'of equipment called a central control unit (C,C,U)- Signals unique ' . 

to each device are handled by individual control units (I.C,U,) and 

up to twenty five of these may be driven by one CC.U, Any 

can be adopted to work in the special hesitation mode, 

A C -C and one occupy one card file and the configuration 

is known as a WG.A 15 Main Control.. Further I,C,U,s are then grouped 

together three to a card file to make up Triple Individual Control 

Units known as WGA 18 Interface Controls, The third control unit of 

each triple configuration will, by the addition of a few extra 

packages, operate a device with up to 64 channels, 



The standard interface requirements are fully explained in the 

IrC.T. Standard. Interface Specification, Drawing Number 1110020, 

published by Design Communication Group, but the following sections 

describe briefly the use of the standard interface in the 1904 5 and 

9 computers, 

11,2 The scope of he interface 

?he types of peripherals which may be connected to the computers 

via a single interface connector are as follows; 

single channel single mechanism, e.g. a paper tape 

reader; 

single channel, multimechanism, e„g., a group of tape decks 

working via one tape control unit;

multichannel multimechanism, ego a huMIDei" of typew 

.working via a multiplexer; 

data exchange, eg, a device for transferring informa 

between two computers; 

single or multimechanism, multiaddress, e. g a magnetic 

card file 

A single channel, multimechanism peripheral differs from a 

multichannel, multimechanism peripheral in that the former must comp-

lete a block transfer from one of its mechanisms before starting 

another, while -the latter can carry out simultaneous transfers from 

all of its channels, 

Lines crossing the standard interface 

The lines that pass between e 
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and a 1900-range computer, and the correspondence between the various 

lines and existing computer signals, are shown on Diagram 22..

The interface lines basically comprise two 8-bit (plus parity) 

highways, Di (data into computer) and Do (data out from computer), 

along which data, control, and multimechanism addressing information 

are multiplexed. The seventh and eighth Di and Do lines are not 

normally used by the 1904, 5, and 9 machines. The type of information 

present on these highways at any one time is defined by the- states of 

the A, C, No, and Ni lines4 

The A line is used to address the peripheral, and if the A signal 

is absent, all other signals are ignored. With only the A signal 

present, information is interpreted as data, and with A and C present, 

as a control character. No is used with single or multichannel, 

multimechanism peripherals in connection with control (C="1") and 

data (C="0") identifiers on the Do and Di highways respectively, and 

Ni is used with multichannel, multimechanism peripherals to indicate 

that a data identifier is available*

The direction of a transfer is indicated by the state of the J 

line, which is a "1" for inward transfers and a "0" for outward ones. 

The line F, when a "1", indicates that the peripheral obeys faster-

than-normal timing rules. The specification for such peripherals is 

not yet set out, and the F lines from all current peripherals are 

terminated by resistors at their I1C.U.s. 

The uses of the other lines, and of those mentioned above will 

become more apparent in sections 11 14 and 11.5 of this chapter*

Physically, each line is a twin twisted pair: a current of 25mA 

in one leg represents a "1", and in the other, a "0"* A common return 

path is provided for all the signals associated with a particular 

peripheral. The lines are terminated at each end by a 75-way connector 

and form the only connection between the computer and peripheral, 



Transfer of con ' rmt over the interface 

11.4.1 General 

It has already been shown in Chapter 10, sections 10.6 and 0.7, 

how the 171 and 170 EXM orders are used to transfer control information 

to and from peripheral special registers. When a standard interface 

peripheral causes an interrupt or is required to perform some action, 

a 6--bit control code of the type "send your Ws" or rform this 

action" is sent to the peripheral by Executive. 

The peripheral is equipped to decode control codes and also 

to send back an appropriate response to the computer. In the former 

case for example, the peripheral replies with an indication of its 

status Oiscussed further in section 11,7), while in the latter, the 

reply would indicate to Executive whether or not the peripheral was 

available to carry out the action required of it. 

All transfers of control information to standard interface 

peripherals result in a response, and in order to simplify Executive 

And perform control operations in as short a time as possible, the 

174 EXM order has been introduced. The 174- EXM order microprograM 

sequence split into four parts: preparation of order, read x to 

SRn, write SRn to x, and end of order. Transfer of x to SRn and vice-

versa is accomplished by utilising the appropriate parts of the 171 

and. 170 order microprograms. 

The N-part of the 174 EXM order is used to address the peripheral 

via the BAD highwa and the X-part specifies the Accumulator from --

which the control code is read and. to which the response is written. 

11.4.2 Control Of single channel, single mechanism peripherals 

The N-part of the 174. EXM order is placed on the BAD highway as 

usual and activates the appropriate BAD decoder which, in the case of 

a standard interface peripheral, is located in its T.C.U. (see Diagram



9') "hc' .) . decod-r ' roduces the s-'En,-3 7?S -from which the signals , , '-••• • 

A and. C are derived, ES also;gates the control code, transferred 

from accumulator X by the 171 -1 pa the 174 EXY order, onto the 

Do register and hence, she .peripheral,: As A and C are active, the 

peripheral treats the content of Do as a control code and places an 

appropriate response on Di. The 170,part of the 174 order, gates the 

resPonse on through to accumulator X. 

ITS is produced from IC at, the time that the response is written 

into the cove store, ITS produces T at the I.C.Un., and the effect of 

T depends ,upon the control oode and the status of the peripheral, 

If the control code is of the Mode setting type (read, write, etc.), 

then provided that the peripheral is rot otherwise engaged, T allows 

it to.take up the required tode,' Alternatively, with a control code 

of the type "send your status", provided that the status is in the 

status group asked for, stops the peripheral interrupting and it 

enters- the set 2 or uria0t1' state as explained in. section 11.7. 

11.4.3 Control of single or multichannel, multimechanism 

peripherals.' 

The connection of a single channel, multimechanism peripheral 

or multichannel, multamechanisrn peripheral to the computer is shown 

below in block farm. 

1 CENTRAL 
COATUTER C 

CONNECTOR 

COMPUTER 

SINGLT1 OR 1
MULTICHANNEL 

CONTROL 
UNIT 

,i1:3M 

rECHANTSY 2 

ECHLIN-ISM n 
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necessary, with such a peripheral, to first identify the 

m to which and 13 to be given This is sccompli.shed. 

by issuing two 174- :UM orders: the first order identifies the 

mechanism and the second issues a control code to the selected 

mechanism 

When the A, C, and No lines of a single or multichannel, 

multimeehanism peripheral are active, the information on Do at that 

time is interpreted as a control identifier, and. to this end, the 

signal No is derived from BOUT 8 and ES (see Diagram 23): The 

a.ccumu  specified by the X-part of the first 174 FAM order contains 

the control identifier and a rlIf in the bit 8 position, while the 
accumulator specified by the second 174 EU. order contains the control 

code 

As a result the first 174.EXM order the peripheral control 

unit has its A, C. and No lines activated. and so "switches" to the 

mechanism specified. on Do The control code is then fed to the 

specified mechanism. by the second 174. EXM order 

11 /4- 4. Control of muitiaddress, single or multime 

peripherals 

With this type of peripheral the address within the mechanism is 

selected by. sending a control. code of a. type "the following N characters 

are the address" ,.followed by an appropriate number of characters 

which constitute the address- This information is supplied by . 71+ FXM 

orders and is accompanied by C activation.: When. the address has been 

supplied and selected within. the mechanism, the transfer of data 

takes place as described in section 

In the case f multiaddress peripherals with more than one 

mechanism e. g, a multitransport exchangeable disc file) the approp-
, 

rate mechanism iF first seleeted as described in the previous section 

•:1,16 



11.4.5 T Suppression 

When BOUT 9 is activated in conjunction with a- 174 E) VI order, the 

T strobe is suppressed (see Diagram 23). The facility is not y 

used in the 1904, 5, or 9 computers but is included for future system 

development. 

Transfer of data over the standard interface 

11.51 General 

Data is transferred between the 

peripherals on 

In the case•of 

and the A line 

shows the data 

data transfers. 

computer and standard interface:e

control information 

the C Line is not activated 

the same-  highways, Di and Do, as is 

data transfers however, 

signal is derived from HS rather than ES. Diagram 24_ 

and control paths for both single and multimechanisM 

11.5.2 Single mechanism data G'ransfers 

When a standard interface peripheral requires a data transfer 

activates its R and J lines. The R line signal is converted by the 

I.C.U. into a normal hesitation request, while activation of the J 

ndicates an inward transfer with J a "1", and an outward transfer 

with J an", so effecting the appropriate hesitation microprogram 

:=sequence 

The resulting- ES ( hesitation 

I,Mic where activates the A line, so selecting the peripheral 

a character transfer. HS also activates the appropriate BEN line which 

generates the control word address in the normal way. 

On an input operation, A results in the data character appearing 

Di highways from all standard interface peripherals go to the 

and are gated from there onto BIN by a derivitive of HS. The 



.'character_ on BIN is written into the core store during the second 

read pause write cycle of the hesitation microprogram, 

STS (interface timing strobe).is produced off the trailing edge 

fBRSTp. _ITS- results. in the strobe, T, being sent out to all 

eripherals, only the selected one responding to it, T resets the 

Wipheraltesulting in removal of the character from.Di 

. With an output operation, the data character is read from store 

during theTread pause part of theseCond.read paUSe'Write'Seation Offi, 

the hesitation microprogram; and placed On BOUT, 

T, derived from BRST ; strobes the data on Do into the periPheral 
. . 

T, however : is generated after the time that the outgoing character,; 

is present on BOUT, and to overcome thisd.ifficulty, the content of

BOUT is temporarily stored in the Do register, 

When A becomes active the signal N is removed unless another 

character can be put on Di or accepted from Do in less than 2p.s after 

the leading edge of T,. The latter condition will only apply to burst 

mode peripherals described in ,ection 11,5.5. 

11 .5,5 Multichannel, multimechanism data transfers 

A multichannel, multimechanism peripheral is as far as the 

hesitation system is concerned, a single device, Only one hesitation 

request line connects it to the hesitation selection system, and only 

one hesitation select line returns it to the peripheral s 

However. with such a peripheral several of its, mechanisms may be 

involved in blodic transfers simultaneously; and to ensure that' data 

is transferred to or from the appropriate buffer area in the core store, 

a data identifier is issued with each character transferred. 

As already mentioned, the third of each Triple Individual 

Control Unit•(WG-A18) may be fitted out to accommodate a multichannel 



peripheral, and the dotted parts of. Dia 

form,the necessary additions. 

When a multichannel, mutt 

for the computer, it activates 

R and J would normally activate th 

line to the hesitations system immediately, but when Ni is active the 

request is delayed by about 2us. 

a represent, 

peripheral has a character 

R, J, and Ni lines (see Diagram 24). 

appropriate hesitation request 

During the delay period the -signals A and No result from Ni, and 

ripheral, on receiving them, places the data identifier appropriat 

he transferring mechanism on Di from where it is gated through. u 

the data identifier register, The HR signal is then sent to hesitation 

'control and there follows a normal hesitation sequence - with one 

difference. The HS line for the multimechanism peripheral is not 

. connected to a BEN line. Instead, it =is u.sed to gate the content of' 

the data identifier register to the control address gates, where the 

jiesitation microprogram uses it to address the mechanism's control word,..: 

in the core store, in the normal mariner. 

le channel, multimechanism data tr'ans Otv. 

As block transfer from the mechanisms of a single channel, 

multimechanism peripheral are mutually exclusive, then provided that 

the contents of the control word are changed to suit each block transfer 

a single control word can be used for all of the mechanisms of such a 

peripheral. 

So, while it is necessary to use a control identifier when ini-

tiating a transfer from a single channel, multimechanism peripheral, 

the use of data identifiers is unnecessary, and the control word ,address 

is generated via the usual HS/BEN line system. 

To this end, each I.C.U. has an No line (see Diagram 23), making 

possible the control of single channel multimechanisms via any I.C.U. 
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-11.5.5 Multicharacter transfers 

Multicharacter transfers enable standard interface peripherals 

to transfer four data characters at a time, thus transferring a.

24-bit word as four 6-bit characters in rapid succession. Since the

time for.four characters is reduced froth 24i.is to 13p.s and 

154s (24vs and 241s with 6p.s store) for output and input devices 

respectively, almost 52% is saved on hesitation time. This facility 

may be used, to obviouS advantage, with fast peripherals. 

Ina d.dition to the word, input, and card. mixes mentioned in the 

previous chapter, a multicharacter mix has been introduced. Due to 

the multicharacter mix output, the control word of a multicharacter 

device is updated by the first part of the hesitation microprogram 

as If it was a woru device, and then the hesitation microprogram 

branches into a character transfer loop sequence not previously 

mentioned. 

Four circuits of the character transfer loop are made.- resulting 

in four character transfers to or from (input or output)-,successive 

character positions of the B.register, and four BRST signals. Each 

BRST produces a T strobe which, in conjunction with A, which is active 

for the whole of the four character transfer, effects the necessary 

action at the peripheral. 

On installations using many fast standard interface peripherals, 

multicharacter interface control units (WG.A. 16) will be 

available. These will each contain a word buffer into or from 

which four characters may be quickly transferred over the 

interface. The contents of the word buffer will be transferred 

to or from the control units by an ordinary word hesitation. 

Information will be supplied on the WGA 16 controls at a later 

date. 



11.5.6 End of transfer 

When the control word counter reaches zero BSTOP is sent out 

by the hesitation microprogram and IL is generated in the C.C.U. 

(see Diagram 24). The effect of L at the selected peripheral is to 

set it to the "terminated" status and cause a B line interrupt. 

This will be followed up by "send status" control codes from 

ExecutiVe, as described in sections 11.4.1 and 11.7. 

11.6 Special hesitations 

11.6.1 General 

An I.C.U. may be made to operate in the special hesitation mode 

merely by changing a few wires on a link board. No extra plug-in 

cards are necessary since the small amount of additional logic 

involved is already incorporated elsewhere in the card file. There 

is one such link board per Main Control Unit and one per Triple 

Individual Control Unit: this allows one I.C.U. per card file to 

operated in the special hesitations mode. 

11.6.2 Link board connections 

The link boards are shown on logic Diagrams 156 and 1810, and 

with each Operating in normal mode, the links 8 to 13 and 16 

to 21 are made straight. across with.no additional links elsewhere. 

When a peripheral requiring the special hesitation facility is 

connected to an I.C.U., its HRI and HRO lines are no longer used to 

indicate the direction of the requested transfer. Instead, by suitably 

re-wiring the link board, one is used for ordinary and the other for 

special hesitation requests. (In the case of input/output peripherals 

running in the special hesitation mode, e.g. an 1831 display and 

interrogating unit, the input and output sections will be treated as 



two separate peripherals). Take, for example, an unbuffered I.C,T, 

1920 Card punch. in use on IX.U, 2 of a WerA 18 configuration The 

links associated with -I—OJT, 2 are then arranged as shown below, 

R L 

+PHRO ---tr 9 0 ---- +IHRO2 

+PHRI 12 Co--- 4-IHRI2 

+BHSO 

2+, 

15 

ISPHR 

+ISPHS 

+IHS02 

20 +IHSI2 

22 +IRS 

(R) 

-IL 

Extract from Logic Diagram 181 0

°11,6.-3 Operation 

IXT 

Special hesitation 
bistable 

Each time the card punch requires a character it activates its: . 

R line which results in the signal +IHRO 2 and, via link 9 (in the 

above figure), the hesitation request signal +PHRO, +PHRO is 

answered by the select signal, +BHSO; and this is directed, via link 

17 to the card punch I.C.0 There it results in activation of the 

A line and a character transfer to the punch-. It should be noted.;

that each IHSO 2 signal primes NOR B, 

When the control word Counter reaches zero, i,e, when a row has 

been punched, BSTOP is produced by the hesitation microprogram The 

resulting signal, IL, enables NOR B, and bistable C is. set by the 

next clock pulse 



The + PHRI line is activated by bistable C and the resulting 

select signal, BHSI, resets the bistable. The + BHSI signal, in this. 

case, is applied to the hesitation system so as to cause entry to the 

special hesitation branch of the hesitation microprogram, rather than 

a data transfer The sequence involved was discussed in Chapter 10,

.:section 10.,8 but briefly, results in theecard punch's control word 

being reset so that the same block of data may be re-read. from store 

for the next row of the card, 

When the card punch is ready, a fUrther set of hesitations take 

place:again using + PBRO and + BHSO as request and select lines until, • 
all in all; the 80 (or less) characters nave been transferred to the 

punch 12 times: once per row 

11 s7 Peripheral status 

11 - 7.1 C-eneral 

In Chapter 10 it was explained how, as- the result of a 170 EXM 

order, a peripheral's status could be read from the peripheral's 

special register to the computer via the 24.-bit BIN highway, In-the:

cases of standard interface peripherals their special registers are. 

Contained at the peripherals, and the peripherals'.• status must be 

transmitted via the 8-bit Di highway.. As many peripherals'- status' 

stretch to more than eight bits, a. system has been evolved whereby,

they are transmitted in more than one step.. 

11 .7,2 A and P status 

The various status are represented by 6-bit patterns: each bit 

represents a particular status Normal causes of interrupt, such as 

end of transfer, make up a 6-bit group called Q status, and'abnermal 

causes such as tape low, parity, etc., make up further 6-bit groups 

called P1, P2e etc,, status, How many status groUpS there are depends 



upon the complexity of a peripheral, but a line printer for example, 

has only Q and P1.atatus group 

EXecutiV is to written that when a peripheral causes an 

interrupt P1,..P2, etc status are examined In that order. 

The most signifitant ach group is the OR of all the. status 

conditions in the ollowing gro4s, and when active, resultS in: 

Executive interrogatintothe next group - and so. on. 

There are two types of status,condition: continuing and 

transitory; Transitory status 

a short time by Executive. An 

are those which can be dealt with in 

examplE cf this type is an "end of 

transfer", for with, this condition, the peripheral is available for 

further work almost immediately. Continuing status are those which 

involve a peripheral in operator.action. Examples are tape low and 

parity failure; in both of these oases transfer, of data ceases until 

appropriate action is taken. 

When due to an incident, a peripheral's status changes, it is 

said to'go from the unset to the set t state. This is an interrupting 

conditiOnand Executive interrogates the peripheral an order to 

establiSh the reason for interrupt. if the reason is transitory, then 

after appropriate Executive action the peripheral is tut back in the 

unset state Where it is available for further work. If, however, the 

reason for interrupt is continuing, the peripheral is put in the set 

2 state. 

In the set 2 ttate the peripheral no longer interrupts The 

condition originally causing the interrupt is, however, still present 

and the peripheral awaits operator attention. For instance, in the 

case of tape low, the set 2 state would be "disengaged'', and the 

peripheral would remain in this state until. the operator loaded a 

new roll of:paper into the magazine. 

When the peripheral's needs have been attended to, it is 

to the onset state where it is available for further use.--

eturned 



11.7.3 Direct status response . 

To avoid having to ascertain the status of a peripheral before 

--issuing it with operational control code (such as read, rewind,- etc..) 

a limited indication of the status of a peripheral is available in 

.•direct response to such a code,, There are three such responses and 

-these are: 

inoperable - peripheral is unable to operate until the 

operator or engineer has removed this condition; 

2) rejected peripheral is busy but can accept the control`_ 

code later, 

3) accepted - peripheral will accept control code and will • 

initiate the operation. 

In the third case the peripheral proceed& with the transfer and 

the program requesting the transfer is re-entered. In the second and 

first cases the transfer cannot take place at the time of asking-, and: 

Executive takes action appropriate to the direct response 





CHAPTER 12 

ARITHMETIC PROCESSES 

12.1 General 

This chapter sets out to explain the mechanism of the arithmetic 

processes in the I.C.T. 1900/4/5/9 computers. This is done at a 

general level, no attempt being made to bring the detailed logic of_ 

the computer into the explanations. 

A block diagram of the arithmetic unit is shown in Diagram 25 

and the mill or adder at the top of the diagram is used in all

arithmetic processes. The uses to which the various registers may be 

put during arithmetic instructions has already been discussed in 

section 6,2 and this will be further clarified as the various proces 

are explained in the following sections. Constant reference to Diagram 

25 will prove useful when following operands around the registers andi 

highways of the arithmetic unit. 

12.2 Addition and subtraction 

12,2.1 General 

There are two sets of instructions for addition and subtraction,

one set resulting in Overflow being registered if the answer exceeds 

the capacity of the mill and the Other set resulting in carry being 

registered. 

The first set are Functions 0 to 3. of Groups 0, 1 and 10, and 

they are used for single length working and for the most significant 

word of a multiple length operand. The second set are Functions 4 to 

7 of Groups 0, 1 and 10, and are used for all but the most significant 

word of multiple length operands. 



If the basic 24-bit word does not provide sufficient places, 

other words can -be added. The process of arithmetic using multiple • 

length operands is to first add the least significant words of the 

two operands., then the second -least significant, -and so on. The 

;necessary carries between sections of a. multiple addition are 

automatically stored in bit 22 of._ the P register from -one opera,,ion 

to the next. These carries are only generated-when instructions 

resulting in carry are used. 

When over low is set, the fact is recorded in Bit 23 of the P 

register, and only certain instructions can clear it. Although a 

program's operands overflow, the computer carries on normally and 

it is up to a programmer to check the state of overflow periodically. 

he can do this at any time by the use of appropriate instructions. 

12.2.2 Addition 

In all types of addition one of the two operands is placed in 

register A, The other operand is brought out of store and placed on 

the K highway coincident with the content of register A being placed 

on the L highway. The mill output is then routed to the B register 

and into store. 

It is arranged that the -address of the second operand read from 

store is, the address to- whiCh the answer is to be written. The operand 

is read out on a store read pause operation and-the answer written 

back on the store writ- operation 

12.2,3 Subtraction 

To arrive at negative value of a signed binary number, 

number can be inverted and one added to it. 
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Inverting 1 01 001 

Adding "1" 1 

1 01 01 02 (-32 8 +2).10

-22le 
This technique is used in the computer for subtraction. 

In subtractions' as in addition, the A register is used to hold 

one of the operands. The A register has both a normal and an inverse 

output and to subtract a from b, a is introduced to the A register 

and issued to the mill in, inverse form. INV a + b 1 is applied 

to the mill on the L and 'K highways and the least significant carry 

InamultiiDle length subtraction there may be a "borrow" in 

the Carry register. The next partial answer to be formed. must 

a result of this,: be made ore less than it would have .been had the' 

borrow not been present. This is accomplished simply by not adding 

"1" to INV A. 

12.2.4 Overflow 

The mill has 24 adders in order that it can add together two 

24-bit signed numbers. In addition to this the mill has a 25th 

stage which is located in the central control unit. This is called 

Mill 24 and, in conjunction with the sign bit of the mill output,

can be used to detect overflow. 



'The ollowing two additions .may clarify the technique used. 

Mill 

24. 

bits 24. 23 22 

1 
0 

Mill 

21 20 

0 0 positive input 

0 1 positive input 

0 

0 

apparent negative answer 

negative input 

negative input 

0 1 apparent positive answer 

In both the above cases the answers to the additions are too 

big for the mill to handle, and the carry from bit 22 has altered the 

sign bit. Mill 24 however always shows the correct sign and for this 

reason is known as the true sign bit. 

When the true sign bit differ§ from the aotual sign bit (B23) 

overflow has occurred and is detected by a comparison of these two 

digits in the control unit. 

12.3 Multiplication 

12.3.1 General 

In multiplication 24 partial produots are formed by: multiplying 

together the multiplicand and each separate digit of the multiplier. 

Taking into account their relative significances, the partial products 

are cumulatively added to form a running 'total as the operation proceeds. 
• 

With a negative multiplier, the partial product formed by multi-

plying the multiplier by'the multiplicand's sign bit isnegative ',aria. 

is subtracted from the sum of the less, significant partial products. 



The instructions used for multiplication are the 040, 041, and 

04-2 instructions. 

The 040 instruction multiplies the content of N by the content 

of X and places the double length product in X and X I. 

The 044 instruction multiplies the content of N by the content 

of X and produces a doable answer to which a "1" is added having 

the significance of bit 22 of X + 1. This causes a carry if 

necessary, and a single length rounded answer is available in X. 

The 042. instruction multiplies the content of N by the content: 

of X, adds the content of X +1 to the least significant halfof,:.the 

product, and' makes the answer available in X and X I. 

12.3.2 Multiplication overflow 

Overflow can only occur when the fraction, —I, is squared. 

12.303 Operand movements in the arithmetic unit 

In each of. the -multiply instructions. the process of multiplying 

:is-identical, and the following example, though simplified by the use. 

of 4—bit rather than 24-bit operands, illustrates the movement of 

operands in the arithmetic unit. during a multiply instruction. 

Starting conditions: n(multiplicand)is fed to the A regis ter, 

x(multiplier)is fed to the P register, 

4 (normally 24) is fed to the N register, 

the B register is cleared. 

The number 4. (24 in practice) placed in the N register is used 

to count the number of partial products formed. 

Take the multiplication 01012 X 00102 (i.e. 51 x 
210 = 

10 
1 O 
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1. P 1.s (least gnificant digit of P) re,,orded and P shifted•• 

one place right, Mill s. traneferred P m.s (mos 

significant).. Mill transferred direct to B register. 

Previous P 1.s. examined and cleared. As it was a "'1",:A is 

added 'to B (i.e. this partial product is 1 x 0010). P 1.s. 

recorded, and P Tnifted one place right. Mill 1.a. transferred 

to P m.s. Mill output shifted one plece r ght into B register. 

Previous P 1..s. examined and cleared. As 

not added to B ..e this par .al produ 

recorded and P shifted one place right. 

to P .m.s., Mill output shift one place r 

."1" subtracted. from content of N. 

Previous P 1.8. examined and cleared. 

added to B (this partial product is 1 

and P shifted one place right. Mill 

Mill output shifted one place right 

subtracted from content of N. 

Mill 1.s. transfer 

t into ter and 

As it was a "1", A is 

x 0010). :13.1.3. recorded 
transferred to P m.s. 

register and 1" 

Previous content of N was 2, indicating that sign bit of multiplier 

was in P 1 envious P 1.s. examined and i.f a "1" . partial 

product formed and added to partial answer. In this case.

P 1.s. is not a "1". and '1 is not added to B. P shifted one 

place right. Mill transferred direct to B. 

Double length answer in B and P regis 

The content of B and P is then transferre 



0000 

00 1 0 

0 00 0 

0000 

0 0 1 0 

0 0 0 1 0 

B 

A 

Mill 

0 1 0 1 

001 0 

0 0 1 0 

This position not 

used in double 

length numbers. 



12.4 Division 

12.4,1 General 

The division instruction deals with both the division of .a 

double length dividend by a single length divisor and of a Single -

length dividend by a single length divisor. The dividing process in 

both of these cases is identical, the single length dividend-being

made double length before the division process starts. 

The diVidend ias stored in accumulators X and X, 1 and the 

divisor in store N. A single dividend is stored in X 

The answer to a division. takes the for of a single length -

quotient (rounded or unrounded) and. a single length remainder, the 

quotient being placed in X 1 and the remainder 

Division is carried out by a different method to that normally 

employed when working out a division problem on paper. The method 

is that of non-restoring and is illnstrated by tree following examples. 

For the sake of simplicity 4 -bit wrde are used in the 

examples the computer carrying out axaotly the sane steps using 

24-bit words. The docile length dividend is 7-rather than. .8 bits in. 

length. Again. this lines with the computer? which in multiple 

length working does not use the sign bit of other than. the most 

significant word. 

12.4,2 Numerical examples of ihe divieion method 

Tn the division method used, the remainder always has the same 

sign as the divisor.' The following- four cases illustrate the types 

of .answers to be expected with the various:. Combinations. of sign of 

divisor and dividend. 

1 2 8 



5 and 4 remainder. 

74 and -1 remainder.

= -5 and 1 remainder, 

- 4 and -1 remainder. 

Special cases: 

Due to the steps involved in producing answers of the above 

type, when the computer meets a division involving a negative divisor 

and zero remainder it tends to produce an answer of the type: 

25 = -6 and -5 remainder OR -30 = 4 and -6 remainder. 
-5 

In order to adjust this type of answer a check is made when the. 

divisor is negative to ensure that the divisor and remainder are not 

equal. If they are, one is added to the quotient and the remainder 

is made up to zero prior to the answer being written to accumulators 

X and X + 1. 

EXAMPLE 1 

Divide 29 by 5 

Bits 6 5 4 3 21 0 

Quotient  0 1 0 1 

0101 0 0 1 1 1 0 1 - Shift up the divisor to the same 

0 1 0 1 order of magnitude as the dividend 

PRA 1 ,1 1 01 0 1 (multiply it by 23).and subtract: 

The answer (PR1) is negative so 

0101 x 23 is bigger than the 

0 1'0 1 dividend. Put 0 in Q3 (bit 3 of 

quotient). Now add 0101 x 22 to 

PR2 0 0 0 1 0 0 1 PR1. PR2 = dividend -23.0101 

2
2
.0101 

i.e. 00111 01 

01 01 

dividend -22®0101 

12/9 



0 1 0 1 

,1 1 1 1 1 1 1 

0 1 0 1 

0 0 0 0 1 0 0 

Answer 01 01 and. 0100 remainder 

PR2 is positive so 2,0101 is 

smal ler than the dividend. i.e. 

there is a 2.0101 in the 

dividend so put 1 in. Q2 (rz22 ). 

Now sub tract 21 . 01 01 from PR2. 
1 

PR3 is negative so 2 .0101 i 

bigger than PR2 i.e. there is 

no 2
1 

. 01 01 in the dividend. 

Ott 0 in Q1. 

add 20 .01 01 tie PR3 

PR4.= PR2 - 21 .0101 + 2° . 01 01 

PR2 - 20, 01 01 

P14 is positive so 20 ,01 01 is 

smaller than PR2 i.e. there is 

20 01 01 in the dividend so put 

1 in
.
Q0. 

PR14. is the remainder 

The last step of adding the divisor (0101) to PR3 while 

d.etermining the value of Q0, will: not always give .the true remainder. • 

:If QO is a "1" the remainder is correct, but if QO is a "0" the 

remainder will be the complement of the true remainder with respect to 

a

the divisor. This is because in the c.ase when QO is zero the additive/ 

subtractive process has, as far as the remainder is concerned, been 

taken to far. This can be remedied arid in order to arrive back at the 

true remainder, the d.ivirior is added to the apparent remainder, PR!{. 

EXAMPLE 2 

Divide 27 

Bit 6 5 3 2 1 0 

Quotient 1 1 0 0 

1 001 .0 0 1 1 0'1 1 

1 0 0 1   Shift up -the divisor to the same 

PR:1 1 1 0 0 0 1 1 order of magnitude as the dividend 

i.e. 001 1 011 

1001 



I 1 0 0 I 

1 1 1 1 1. 1 1 

1 1 1 0 0 1 

0 0 0 1 1 0 1 

1 1 1 1 0 0 1 

0 0 0 0 1 1 0 

1 1 1 -1 0 0 1 

True Rem. I 1 1 1 I 1 1 

(multiply it by 23) and as it is 

negative add to it the dividend. 

The answer (PRI) is negative 

23,I00I is bigger than the 

dividend i.e. it will not g 

into it. Insert a sign bit at 

Q3. 
Now subtract 2

2
.1001 from PRI. 

Note that the sign bit of 22.1001 

is extended. 

S 

PR2 = dividend 23 - .1001 22.1001 

= dividend. + 2
2
.1001 

PR2 is negative so there is no 

2
2
.1001 in the dividend Put 1 

in Q2 in order to reduce the 

quotient (which is negative) by 

2
2 

Now subtrac- 2
I
.1001 from PR2 

PR3 = dividend 23.1001 - 22.1.001 

21 .1001 

= dividend 21.1001 

PR3 is positive so 21.1001 is 

smaller than the dividend and goes 

into it, Put 0 in QI in order to 

Increase the quotient negatively 

by 2
1
. 

Now add" 20.1001 to PR3. PR4. is 

the same sign as PR3 so 20.1001 

is smaller than PR3 and goes 

into it. Put 0 in QO in order 

to increase the quotient 

negatively by 20. 

As QO is zero take process one 

step further and add divisor to 

Phil.{. in order to arrive at true 

remainder. 



rid ~1 remainder 

12.4 3 The ru 

The steps taken in the above two examples may be carried out with 

little thought if the following rules are applied and the computer 

makes its decisions at each step ire a di.tision, by;following these 

same rules. 

rmation of partial ema ders 
3 

sign of previous 

partial remainder 
of divisor 

•sign of divisor 

Subtract divisor 

(suitably shifted) 

from previous partia 

remainder. 

Add divisor 

(suitable shifted) 

to previous partial 

remainder. 

If the present operation involves subtt the divisor 

(suitably- shifted) from-the previous partial remainder and the new 

partial remainder so formed is different in sign to;the previous partial' 

remainder, insert a zero in the quotient. f the signs are the same, 

insert a one in the quotient. 

If the operation irninlves addition reverse the rule. 

Rule 3 formation of the remainder 

If QO 'is a the las partial  remainder is the true remainder. 

If QO .is a '0",• add the divisor -to the last partial remainder. in 

order to arrive at the true .remainder. 



The computer makes, its decisions at each step in a division by 

following the above rules. 

12.4.4 Operand movement in the arithmetic, unit 

The following example illustrates typical movements of operands 

in the arithmetic unit. The 'quotient and remainder for the division 

29/5 finally end up in Registers P and B prior to being stored'away: 

StarLing conditions: the divisor (n) is read into register A, 

the dividend (x and x 1) is read into 

registers B and P, 

4. (normally 2/0 is read into register N. ' 

The number fed into the N register is used to count the number 

f operations in the division process. 

The B register has an additional bit position which is 

used for the store parity bit. During the division process 

used at each stage in the division to store the sign bit of 

previous partial remainder. 

In addition to this, an extra bistable is used to hold the 

quotient bits prior to their being fed into the 1.s. end of register P. 



The operands are pia 

at the mill output. 'Sign bit of divisor (A) and dividend-(B 

are compared,s As y are equal, and 1 to mill 

next stage. 

shown and the content of B is 

A 4 L set so subtract A 2 x divsor) from 

(sign of previous and present partial remainde 

so put zero in QUO at next stage. As 

next stage. Shift mill and P lef 

oes to P3 and BO, 

M3 

and B-A is set, 

M3, set A L at 

o B and P. Note that P2 

A L set so add A (now effectively divisor x 2 'becaUse B is 

shifted left) to B (PR1. B4 ./ M3 and B-1-11 is set, so put one in 

QUO at next ge.. 
-M3

'so set Ind ' 

next stage. Shift mill, P and QUO left into B and P. 

A ;N L set so subtract A (Div x 'rem B (PR M3 and 

B-A set, so put zero in quotient at next tage. A3 / M3 so "act 

A L at next stage. Shift mill. P and QUO left onto B and P. 

A ->, .L set so add A (Div x B (PR3). By = M3 and 

set so -put one in QUO next stage. Computer senses one in 

register N and now proceeds on different lines in order to ,

finish off the process. Shift P and Q left onto P but shift mill 

direct onto B. 

. Shift P and QUO left onto P. 

P now contains the quotient and as PO is a one, B contains the 

remainder.  Had PO been zero., the divisor would e added. to the 

contents of B in order to arrive at the true remainder. 

12/1 4. 



INV A to L 

A to L 1 to Mill 

1 

C) 0011 

A 

Mill 

1 

Mill 

0;01 

001 1 

11 01 

0101 

001 0 

B  

A 

Mill 

0100 

01 01 

1111 

101 

1 

0 

0 

1 01 

010 

00 

01 0 

01 01 

QUO 

0 



12.h.5 Division o-Terflo 

Overflow in, divisio detecte the following four noints. 

Before the division proper et€rts, tkit divisor is 

tested for ng non-zero.  

At the beginning of the division proc 

divisor X22 ' (i,e, shifted 23 places to 

dividend) is checked for being greater 

the dividend. This is done by checking the 

the modulw, of the o 

the m.s. end of the: 

the modulus of 

sign t of the

dividend against the sign bit of the first partial product. 

Overflow is set if they are equel. 

If -Ixlis divided by -Ixl. 2
- 23 

the answer is 22 and 

overflow should be net. Test 2 does rot howe-rer do tent.

this case because the first partial remainder becomes zero 

which is different in sign tie the dividend and so passes the. 

test. 

This case produces an intermediate answer of the type where 
• 

the remainder is equal to thp qUctient and one must he 

aLled to the quotient in order to correct for this. 

Then one is added, the quotient is charged from 01111 111 

10000-000 and overflows, overflow being detected at 

this point in the process. 

Men roundedAivision. (04.5 instruction; is.. carried out, 1 

added to the quotient if the reminder is equal to, or grea .e 

than, half the divlsor If the quotient prior to rounding 

is 01111-111 then'oyerfloW will occur when the rounding 

factor is added. SUch an overflow is detected at that stage 

int. the process. 

The types of nu.mbe rs prodlzo ition are 

8 being •the-

12 16 

IXI 151 

IX I 
lie t 

ink this coed 

zero, number. 



12.5 Charater. conversicn 

12.5.1 Decimal. to binary conversion using the 04-3 instruction 

A group of B.G.D. (binary coded decimal) characters as input from, 

say, paper tape must be converted into a pure binary number before it 

can be used in computing, and the way in which this is done was 

described in Chapter 1, section 3.4-

The 043 instruction multiplies the content of X: by ten, adds, on 

nj, and places the result back in X:. The address of nj is specified 

by the N-address and the counter modifier, M. The following example 

illustrates the arithmetic method used. 

Example: Convert the B.C.D. numbs 

Take 00011 

Shift left (2a) 

Shift left (4a) 

Add a 

Answer is 5a 

Shift left (10a) 

Add next character 

000111, 000010 (72,10) to binary 

000111

0001110 

00011100 10 

000111 710 

001 00011 351 0 

001000110 7010 

000010 
210. 

p01001000 72
10 

Fractions are interpreted as integers by the 043 instruction and 

when converting B.C.D. fraJtions, it is necessary to divide the binary 

result by 10r, where r was the number 'of B.G.D. characters in the fraction. 

12.5.2 Operand movement in the arithmetic unit 

The following examlale shows the movement of operands in the arith-

metic unit when the B.C.D. representation of 7210 is.converted to binary. 

It is assumed that 000111 (7,0) is already in X: and that the B.C.D. 

characters, 000111 and 000010, are characters 0 and 1 of address N. 
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Select addxess N and ead character 1 to ml 

Read previous mill to P one place left. Read. X + 1 to B to 

M. 1, (X + 1 contains 7). 

Shift P one place t and transfer previous M22 to P0. Shif 
- 

previous mill left onto reg.A. Put Zero in A23. Digits sh..#0, 

into PO will eventually be added. to M. s. half of the double 

length binary number being accumulated. Transfer A (2.x 7),to 

mill 

Shift P one place left and transfer previous M22 to...:,.

previous mill left onto A register. PUt zero in 4 

'A (4 x 7) to B (1 X 7) in mill: 

5. Transfer mill to A direct. Transfer P to mill and add 1 

previous M22 = 1. (in this case M22 = 0 so don't add 1 

Transfer previous mil.l to P and then transfer A (5 x 7) to 

Shift P one place 

Shift previous left into A register and 

Add A (10 x 7) to P4-7 (Character 2)-

.t and transfer previous M22 to-.pO.. 
•• :" 

zero•in • 

Transfer previous mill which now contains binary 72 

and" put zero in:323. Transfer P to mill and add 1 

M22 = 1. 

Transfer previous mill to 

accumulator X +1, 



000111 000010 00000 000000 

000010 

000100 000111 

000111 

0 001000 

00 

M22 

000111 

001110 

001110 

\,/
010000 

00 010000 

M22 

B 

A 

M 

B 

A 

M 

B 

A 

M 

000111 B 

011100 A 

00011 M 

000111 

1 00011 

00 01 0000 

00 010000 

000 100000 

P-7 

000111 

1 0001 1 

100011 

M22 

0001.1. 1 

0 1 000110 

1 001000 

B 

A 

M 

B 

A 

M 

B 

A 

M 

B 

A 

M 

B 

A 

000 00000 001000 

000 00000 

000 00000 1 001000 



The stage has now been reached where the original content of 

X + 1 (binary 7) has been replaced by binary 72, any overflow from 

X +. 1 being held in P0-5. The content, of accumulator X is now read 

out and the process repeated from stage 3 onwarde. No character is 

added in during this eecond half cycle as it has already been 

added to the 1.8. half words of the double length number. Any 

overflow from the 1,3 half word however present in register 

P and takes up the same poeiLion ae d the character during,_ the 

first cycle of events. In the same way that the character was 

added to 1 X + 1) stage 7, the overflow 1s .added to 10X. 

At the end of the second half cycle, the content of register 

B is written. into accumulator X and check is made to ensure that 

there are no ones in PO-3 3 If there are, overflow j,z set 

12.5„ Binary to decimal conversion teeing the 047 in 

Before results are taken from the computer it is necessary to 

con ert the pure binary content to binary cgded,decimal characters. 

Binary integers can be converted by a continual process of 

dividing by 10y the remainder at.each stage being a character.

Binary fractions require a different approach and'are 

continually multiplied by 10. The inf7egral part produced at each 

stage is one of the required characters. The same technique can 

be used for multiplying by 10 as was used with the 045 instruction 

and, as this is faster than a division process and the hardware 

already exists, this is the method used. 

All nu b, s to be converted from binary to decimal must be in a 

fractional form and it is necessary to reduce integers to fractions 

by dividing by 10" before a conversion is carried out. (r is the 

number of decimal characters in the binary integer). The ari 

process involved in the 04.7 instruction is illustrated in the 

following examples. 
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Example: Convert the binary fraction 0.1100--00 to binary coded 

decimal characters. 

Take 0.110 0.110 - - (a) 

Shift left (2a) 1.10 

Shift left (4a) 11.0 

Add a 0.110

Answer is 5a 11.110 

Shift left (10a) 111.100 

Extract integral part 111, as first binary coded decimal 

character 

Take fractional part 0410 - (b) 

Shift left (2b) 1.00 

Shift left (4b) 10.00 

Add b 0.10 

Answer is 5b 10.10 

Shift left (10b) 101.00 

Extract integral part, 101, as second binary coded decimal 

character. 

The fractional part zero so the conversion is completed. 

.110
2 

= .111
21 

101
2 

'7510 

12.5.4 Operand movement in he arithmetic unit 

The binary fraction to be converted is placed in accumulators 

X and X +1, and the characters which result from the conversion are 

placed in address N.  The movement of operands is much the same as 

with the 0Z3 instruction, the main differences being: 

there is no character to read from address N so the 

first step is omitted; 

there is no character to add to 10 (X 

is omitted; 

that step 
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the con ten register B ,re trarasfc.rred to acaamulators 

X 1 and X as w the 043 instru , but in this case 

they are the fractional part of 10 (X and X 1); 

the end of the process is differe and ro ;es tbo content 

of register P, which contains the integral part 10 

(X and X 1) into sto add ,) N. The chara 

position taken up la deteinuned. by tie value of the index 

part of the instruction-
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CHAP 13 

THE P DOATING POE UNIT 

Floating point arithmetic enables. the computer to handle a wider 

range of numbers than is possible with the fixed point arithmetic des-

cribed in Chapter 12. The floating point number is represented by an 

argument (a signed fraction ) and an exponent (a signed integer). A 

floating point operation involves argument arithmetic, exponent arith-

metic and normalising of the resultant argument and exponent. 

The three ways in which floating point arithmetic can be carried 

out in the.L-C.T... 1900 series are 

1)- by Executive 

2), by a library routine, 

3) by hardware (the floating point unit), 

Floating point operations may be accomplished by either of the 

first two methods on the 190/4- machine, but the 1905 and 1909 are fitted 

with floating point units which, while involving eleven extra card files, 

give a ten fold saving in time, and are an economic proposition on in-

stallations where much floating point work is to be done. 

13.2 The floating ,point unit 

The unit, which is shown in block form in Diagram 26, has its own 

clock, function register, control bistables and microprogram, and both 

an argument and an exponent arithmetic unite 

Both normalised and non-normalised operands can be dealt with but 

the range of quotients in non-normalised division must lie in the range 

0 < Quotient < 2 

1 



.The unit works autonomousiy so that the cen ine is he 

up only if 'a further floating point ruction is r lied for when the, 

unit, is still busy with a tous one, Under these circumstances the 

waiting time would be only a few microseconds and no interrupt is 

necessary. The central compsAri r clock, while being nominally 1 _is in 

period, is slowed. down for read, w and read pause write store 

operations® In order that such ons do not slow down floating 

point operations, the floating point unit h its own clock which runs 

independently of 1,lie cf ntral machine clock when floating point operation6 

being performed. 

The ar.c.urgent iris 1p(0:-).ent  F.) 

The argument and • xponent arithmetic units are shown on Diagram 

27 and it will be seen that they are quite similar to the main arith-

metic•unit. The slices of the argument and exponent units are numbered 

0 to 37 and 40 to 48 respectively, bits 38 and 39 being taken up by the 

two overflow bits of the argument mill. 

Registers FB and FD, and the exponent mill, each have a single 

overflow bit, the prefix F being used to differentiate between registers 

and highways in the floating point arithmetic unit and those in the 

central arithmetic unit, 

The units ac9e loaded and unloaded via the SO and BIN highways. 

For purposes Of loading_, and unloading, the floating point arithmetic 

unit is split i..nto two halves, upper and lower, the demarcation line 

appearing bet bits 12 and 11 of the argument unit. First there is 

an exchange betwee 

store address N+1 

13/2 

e address 'N and the'upper half and then between 

e lower half. 



argument bite 14 to 37 

37 

"rtaws4mvrivraftetammigeonon," 

floati,n 
point 

overflow 

14, 13 

argument 
its 0 to 13 

lees_ 

overflow 

exponent 
bits 0 to 8 

exponent 
!unit (9. bits.)

0 4.9 4-8 

upper ha   lower half 

13.4. The flea in point unit micmprogram 

Diagram 28 is a block diagram of the floating point unit micropro-

gram. Floating point instructions on machines with hardware units are 

called. G28 orders and such arders lead to the floating point micropro-

gram rather than to maoro-irstruetion entry. Exceptions to this rule 

are the 130 and 131 instructions which are macro-instruoticns handled 

by Executive in all machines (see Chapter 8). 

Preparation of order at the top of Diagram 28 is done in the central 

machine es usual and results in the instruction being placed on both 

the central arithmetic unit B register and the F,X,A, and N registers. 

If the floating point unit i already engaged in an arithmetic 

operation the signal BUSY, which is always active for the duration of 

floating point unit arithmetic operations, holds the preparation load,/ 

unload microprogram sequence in a closed loop in which fast hesitation 

requests only are allowed. If the unit is not engaged, or when it ceases 

to be busy, the floating point microprogram causes the function and X-

address to be gated into the abating point unit F ancIX registers and 

their values determine the rest of the microprogram sequence. . 

Functions '6 and 7 (load and un..1 result J.n the exponent and 

argument:arithmetic ,Inits being loaded from store or unloaded into the 
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store respeedexely the s N: and exit is mad from the pr.

eadifueeloaded „ectuonce to the end. of order sequone 

Functions 2, 3, 4, ..' 2 result. in the second operand of the pair 

needed. for an arithmetic operation being loaded into _the exponent and 

argument arithmetic unite, and exi is made,,.

sequence appropriate to the fun?,tion4 While the fleating point ari 

me tic sequence is being executed t central computer carries on with 

further instructions. Should a er G28 order occur during the 

time that the floating point unit is engage& in the present order, 

overwriting of the content of the floating point unit is prevented by 

a bistable which t at the time of FST and produces the signal BUSY. 

FST, into the arithmeti 

When a floating point arithmetic operation is completed the norma-

lis  is entered; at the end of this, the bistable producing 

signal BUSY is reset and ti-e normalised answer is available for 

either a further arithmetic operation or an unload operation. 

Operands usod the floating point unit are taken from the store 

aadress N: "fied by the Nepart of the inetraetion. The preparation 

/load;/7 m roprogram sequence gives rise to control waveforms both 

in the fleating point unit and in the central machine. and the sequence 

makes access to addresses N and N+1 so that the 4B-bit argument and 

exponent can he loaded. of unloaded. from the floating point unit via the 

SOOT and BIN highways apeetively. 

3.5 Addition.  and. subtraction 

1 General 

numbers can be added or Sub raeted, they 

be expressed in terms. of same exponent. The two exponents 

are compared and the argument of the smaller exponent shifted down by 

a number of piaoes equal to their difference. Except when there is 

overflow into the sign bit position (one bit overflow) the larger 
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exponent is then the exponent of the answer, 

0110100 

0101000 

0110100 

0001 010 

0111110 

Argument 

0100100 

0110100 

Exponent 

Difference between exponents is 

011 2. so shift argument of smaller 

exponent right by. 2 places and 

add argumeril

101 Answer 

011 Difference between exponents is 

011 zero so add One bit cave 

~..ccuria eLad the answer is 

into the correct form by the no 

malise sequence. 

conver 

The operands are loaded in by a 136 instruotion followed by a 152 

instruction, ..The first operand is loaded. Into the FA, F13, (-; FI and 

FE registers. and the.second into the FA and FE registers, .so leaving • 

the first operand in- the FB,-Iu, and PD , _stern The exponent 

FE • is subtracted from that n FD and,, subsequent actions depend upon 

the di&erenCe. 

1) FD —FE =0 

2) FD FE > 37 

3) 0 < FD FE

directly. 

wez op' rand in FB aud FDo 

FA right by.

FE pla and argUments4 

1 



0 > FD - FE 

5) FD - FE 

shift arguments in FB right by FD

FE places and add arguments. 

answer is the operand in!PA and VEd 

In cases where the exponents are equal the answer is accurate, so 

rounding, when specified (FXO = 0), only takes place when an argument 

is shiftede If the bit shifted off the end IT the final shift is 

"1", carry is generated and added to the newly shifted argument° 

13.5.3 Subtraction 

Again the first operand is loaded by the 136 instruction into all 

registers, but the placing of the second operand depends upon the.value 

of bit 2 of X. With X2 = 0 the second operand is placed into FA and FE; 

with X2 = 1 9 into FB and FD6 The content of FA and FE is then sub-

tracted from that of FB and PD by the same process as addition except 

that 1 FA is added to FBe Also, in case 5, the operand in FA and 

FE must be negated to provide the answer. 

6 Multiplication 

The argument and exponent of the product of the two numbers x° 

and y.2
m 
is xy.2 

n+m 

i,nea (x.2n) (y.2m) xye2
n+m

The 136 an 134 instructions place the multiplier in FC and FD 

and the multiplicand in FA and FE, The exponents are added at an early 

stage in the operation and the final exponent prior to normalising is 

stored in FD. FE is used to hold the partial product counter as was

register N in the 0-0 to 042 multiply instructions, and the product is 

built up in FB and FC. 

The method of multiplying is similar to the sequence d. 

section 12.3.1 except that the multiplier is considered 2 b 

time in order to speed up the process; that is 19 rather th. 
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products are formed and the cumulative sum of the partial products is 

given. a. double shift right prior to each successive partial product 

being added, 

Example 

01 01 

011 0 (°10 
00001010 first partial product is 10 x 0101 

00010100 second partial product is 01,(00)x 01 01 

00011110 (301 ) Answer 

Exami.nat:on of Diagram 27 will reveal that ga,ing of the mul'i-

iplicand from the FA register is restricted to FA, 2FA and -FA (i.e. 

FA 4, 1 ). As this is the caf;e, 3x imiltples of the multiplicand 

must,be obtained by devious means: -FA is subtracted from the sum of 

the partial products at the present stage and tt.en, by mear of 

F4A is added at the next.stage to give -FA 4FA which is WA. 

Example 

01 01 (510) .

) 

11111011 first p.p. is -1 x 01 01 and set; carry 

00101000 second p. p. is 1 carrai- (=10) x 0101 

001 00011 

When .the multiplicand is negative tial multiple for the las stage 

is Obtained by treating the m.s. two bits of the multiplier as a 2-bit 

signed integer (+ carry iF set 

13/7 



01 01 

1 011 

1 1111 01

1 110A 1 00 

- 0 and at:1ply 

case there 

must be taokaed 

dUe+ 

firs p.p. 

second p.p. is -2 

significant two hi 

the multiple neede 

to accomplish this 

other. means. At the en.d of 

x 

A..plier have the 

1. -2x. Aa with 

directly, and again 

a multiply sequence 

is ys given a final single shift right and 

used to obtain tobtaa n tree 2x multiple: -lx the multiplicand i 

prior to ti 

setting carry 

products and this has the same effe 

de right sbift. This mandpulatio 

the last multiple is -2x... 

,.P. 

multip 

this stage 

1 x 01 01 

is -2x so 

but set carry 

this featu 

added to 

as adding 

eted by 

0101 of p.p.a given last doub 

0101 final single shift right 

carry is set, add -lx mul 

1 01 11 01 

ip2icand 



13,7 Division.

The argument and exponent 

x..2 and y.2
m 
is ( y).2n-m., 

x,211

ys 2m

quotieni, or two numbers 

X 

6 2 n-M

The 136 and 135 instructions load the first perand FE and FD, 

and the second operand into FA.and FE. Which of these c retains the 

dividend and which the divisor depends upon the value of bi.t 2 or X 

(see function code summary in Chapter 8). 

The division process i.s that of non-restoring and the division 

sequence is much the same as that employed in fixed point diVision. 

The main differences are that in floating point division dividend, 

divisor and quotient arguments are 38-bit numbers and except 

rounding purposes, the remainder nored. 

Normalised arguments lie in e ranges, 

action < 1 and fraction ') -1. 

This gives quotient argument ranges, prioF to normalizing, of 

< quotient argument < 2 and -2 < quotient argument < 

swers lying between [ 1,0 azd 2.0' lie outside the range of a 
, 

58-bit argument and cause a one-bit overflow called provisional over 

flow) which is stored on a biatable and corrected for by the normalising 

sequence. Division using non-normalised. operands is somewhat restricted 

in that quotient arguments whose mOduli.are greater than 2 produce.over-

flow. 

Early in the divis. sequence the exponents are subtracted and 

their difference is stored in FD leaving, FE frees to accept the, sequence 

counter. As each partial remainder is formed, 1 is :subtracted from the 

content of FE when it becomes zero, the division end effects 

sequence .(fermation of the true remain.c.er and quotient, and rounding) 

3/9 



entered, The enc. ," are dealt with in the same way as are 

those for fixed point divieion, 'the -only added oornplioation being the 

effect of.provisionaI overflow on roundlag. 

Rounding, when specified by bi:t 0 of is Gar d on -t by the 

ion quenoe in eases here one-bit :Flow has no. .ourred, 

Iy the normalising cequenee it -,-,3es where it has occur, ed. This 

is because the fennel La:, .nolouxidin,:; is decided by the remainder 

and in the latter c - . by the least significant bit of the quotient 

whi 

fey. 

off the end, as e result of the normalising correction 

erflow. Yaeept f'c r purposes of rounding, the remainder 

of the argument of floating point quotient is notu.sed. 

h s 

bit 

Diagram 29 is a flow diagms which cover- both 

ing point division sequenses. 

13, -fao 24,s :1:h_L: 

1 -3.8,1 General 

All fl. ating point ari,nmetio operations 

normalising sewienoo, and. the normalieing 

type of operation just performed and thei'orm 

snt at the timf., of ent 

four forms: 

to the normalizing SeqI 

e) zero argument, 

b) normalising required, 

on bit overflow, 

d) satiefactOry final form. 

r the 

ensure that it 

floating point 

or far further 

13f10 

he fixed and float-

rminatpd by 

dare depends upon the 

the argument and expon-

nee. This may take 

argument has bEen normalised the exponent is tested to 

fails in the range 256 > exponent -256. The normalised.

is then availalle either for. transfer "too then core store 

arithmetic operations within the. unit. 



13.8.2 Normalising after addition and subtraction 

Zero argument - addition and subtraction 

On entry to the normalise sequence the argument is on the 

argument mill output and if all 40 bits are zero the. argument 

and exponent registers are cleared. A "1" is forced into 

bits 48 and 4.9 of the exponent making 'it -256 in value.

Normalising required - addition and subtraction 

When bits 36, 37, and 38 of the argument are equal and the 

argument is not zero, normalising is required. Bits 35 and 

36 are checked and the argument is shifted one place left, 

1 being subtracted from the exponent. If bits 35 and 36 were 

unequal when checked, the normalising action is finished; if 

they were equal the process is repeated until the argument has 

been shifted intb the normalised state 

Ono bit overflow - addition and subtraction 

When argument bits 37 and 38 are unequal, one bit overflow is 

indicated (refer back to second:examples in section 13.501)

The argument is shifted one place right and one is added to 

the exponent. 

Satisfactory final form - addition and subtraction 

When argument bit 37 equals 38 and 36 is not equal to 37, or 

when the argument is not zero and normalising.is not specified 

(FX1 = 1), no normalising action is required,. 

12.8.3 Normalising after multiplication 

a) Zero argument - multiplication 

On entry to theriormalising sequence, the mos. half of the 

product is in register FB and on the argument mill output, 



and. • CI 
0 alf is in register FB. If the mill output is 

zero the"2,0 naJf or the product is transferred to register 

FB, and -37 is added tc the exponent to correct for the effect-

ive 37-place shift from VC to VB. The content of FB is checked 

for zero as was the previous cont it, and if zero, the action 

is as for addition/subtraction, If i.t is not zero the result, 

if not already normalised, is normalised regardless of the 

state of FX1, 

.Normalising ;required - multiplication 

13/12 

Normalising action for -osth single and double length arguments 

is identical except for the 37-place shift already described 

when the me s. half of the product argument is zero. In both 

cases the content of FB is continually shifted left and the 

exponent decremcnted as in addition normalising, a test being 

made of bits 35 and 36 of FB at each stage. The content of PC 

is also shifted left at each stage, FC 36 being transferred to 

When FB 35 and 36 are unequal, the normalising shift js fini-

shed and rounding, if specified, is carried out when FC 35 is 

"1"., Rounding may cause one-bit multiplication and this is 

dealt with as an addition. 

One-bit multiplication 

Correction is as for addition with the added complication that 

if rounding 

to the 

bit overflov 

3.10 specified, unity is added to the argument prior 

i '.ft right, Rounding may cause a further one-

and this is treated as for addition. 

Satisfactgry final form - multiplication. 

When rounding is required and the argument is already in 

satisfactory final form, "1" is added if FC 36 = 1. This may 

cause one -bit overflow and, so, correction is made for it 



inthe normal 

addition. 

13.8.4 Normalising 

a) Zero' argument divisibn 

As.for addition 

Normalising required H divis: 

As for addition 

One bit overflow d. .vision. 

One bit overflow in. divio 

bits 37 and 38 being i unequal or by provis 

but not by both of these condit—

ac ton is as for 

d). The action 

Satisfac 

as for multiplic 

Except for the special case 

ion 

either by argumen 

anal 

ecial case: 

overflow set 

section 

the action is 

as in. multiplication. The special case, where both argument 

bits 37 and 38, and, provisional overflow are set, arises as 

a result of dividing a, pas tine dividend by a negative divisor 

of equal magnitude (answer This combination produces 

an answer which is already °err 

13.9 Exponent est 

When the argument is non-zero - 

underflow or overflew® 

e d 

t and requires no norMalising.. 

The conditions of uriderflow or overflow 

examining bits 18 and 49 (true 

exponent is checked fo: 

rye usually detected by, 

of the exponent-,' these are 

"0" and "1" for underflow, and "1" a ad "0" for overflow respectively. 



An exception to t ' r le is when the a_ exponent is less than 

-512. This can only happen when operands with exponents of the appro-

priate extreme values are m tipliod or divided, resulting in an expon 

ent, before normalising, of equal to or greater than -512. Such an 

exponent may become less than -512 ,4s   gument is normalised., 

such values resulting in a "'" in bit 48 and a "0" in bit 49. This 

would be interpreted as overflow were it not, for the fact that on 

entry to the normalising sequence, a bistable records the true sign of

the exponent, and the state of this bistable is used to differentiate• 

between overflow and the extreme cases of underflow. 

When under.Liow has occurred the procedure similar to that for 

zero argument normalising as any number with an exponent of lets than 
• 

-256 can be considered as zero. Overflow is set up on'the floating point ,

unit °s overflow bistable and, when an: unload order is given P23 in the 

centra arithmetic unit is set. 

13010 End action 

The final answer is placed in all three argument registers and both 

exponent registers, and registers FX and FF are cleared. The•buty: 

bistable is then reset in order that any further .G28 orders may- proceed 

and' the fl.cating point unit clock i s ttopped until such Orders-6're given. 



INPUT 0` 

INPUT 
GATING 
WAVEFORM 

INPUT GATING WAVEFORM 

NOR 4 OUTPUT 

INPUT 

NOR 1 OUTPUT 

NOR 3 OUTPUT 

STROBE 
Ve GOING 

RESHAPING AND 
RETIMING CIRCUIT 

COMPUTER 
CLOCK 

OUTPUT GATING 
WAVEFORM 

DIAGRAM I DELAY LINE STORE 

OUTPUT 
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1 1 1 11 

DIAGRAM 2 INPUT TIMING DIAGRAM 

OUTPUT 

DIAGRAM 3 BISTABLE STORE 
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INPUT 
DEVICE 

PROGRAM 
OR DATA 

INSTRUCTION 

CONTROL 
ADDRESS 

aasetl66=18ZOSY 

OUTPUT 

DEVICE 

CONTROL REGISTER 

BLOCK DIAGRAM OF A SIMPLE COMPUTER 

DIAGRAM 4 



ADDRESS DECODING 

AND Y WIRE 

CURRENT DRIVERS 

ADDRESS DECODING 
AND Y WIRE 

CURRENT DRIVERS 

ADDRESS DECODING AND 
X WIRE CURRENT DRIVERS 

@ @ @ @ 
@ @ @ @ @ @ @ @ 
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@ 

Y© 

A@ 

@ 

@ 

@ T t. r .)

DIAGRAM 7 ADDRESSING A CORE 

SELECTED CORE 

ADDRESS DECODING AND X WIRE CURRENT DRIVERS 

WRITE 

INHIBIT CURRENT 
APPLIED IF ZERO TO 

,BE WRITTEN 

4---TO NEXT PLANE—to 

READ 

WRITE 

TO 
NEXT 

PLANE 

DIAGRAM 8 A SECTION OF A CORE STORE PLANE 

• DIAGRAMS 7 8 



TYPE OF STORE READ/ WRITE 
SPEED 

CORE STORE 
MICROSECONDS 

PER WORD 

AVERAGE 
ACCESS TIME 

APPROXIMATE 
CAPACITY 

MICROSECONDS 

PER WORD 

COST PER 
WORD 

LIMITED BY 

COST TO SEVERAL HIGH 

THOUSAND 

DRUM 
MICROSECONDS SEVERAL 
PER WORD FOR MILLI —
PARALLEL DRUM SECONDS 

50,000 WORDS 
PER DRUM 

LOW 

MAG. TAPE 

DELAY LINE 

BISTABLE 

DISC FILE 

60 MICRO-
SECONDS PER 
WORD 

MICROSECONDS 

PER BIT 

FRACTIONAL 
MICROSECOND 

40 MICRO—

SECONDS PER 

WORD 

MILLI — 
SECONDS TO 

MINUTES 

HALF DELAY 

LINE LENGTH 

FRACTIONAL 
MICROSECOND 

200 MILLI — 

SECOiNDS 

1/2" TAPE 

10. 1/4" SPOOL 

SEVERAL 
MILLION WORDS 

VERY 
LOW 

ONE TO 

SEVERAL HUNDRED MEDIUM 

WORDS 

1 BIT PER 2 

VALVES OR 

TRANSISTORS 

SEVERAL 

MILLION 

WORDS 

VERY 

HIGH 

VERY 

LOW 

DIAGRAM 9 TABLE OF SPEEDS WAND CAPACITY OF DIFFERENT TYPES 
OF STORE 

TRACK NUMBER 8 7 6 5 4 3 2 1 

VALUES P 64 32 16 8 L 4 2 1 

DIAGRAM 10 
REPRESENTATION OF NUMBERS 
O TO 9 ON 8 HOLE 1.5.01 A.S.A. 

TAPE 

O 

0 

O 

O 

O 

O O 

O O 0 
0 o 0 0 
0 o 0 0 0 

O o 0 

O 0 00 

O 0 0 0 

0 O 0 0 0 0 

0 0 0 0 

0 0 00 

0 

2 

3 

4 

5 

6 

7 

8 

9 

DIAGRAMS 9 



COMPUTER 

PROGRAM 

PERIPHERAL 
UNI 

TS P1 P2 PLY P1 P2 

C. 

.1 1k *MIN 

'IMMO • .••• •• 

card 
reader_TD1 TD2 TD3 

ON/Mo .4mo MOM ••••• 

•••••••.• 

111 1, MINIM% 

ii•••••• 

.1••121mia 

MIMIIM•• 

.1=••••IM. 

memo . 00b 

11••=01 •••••Mile ••••••• 

Program 1 - transfer punched card to magnetic tape: two cards per block. 

Program 2 - update magnetic tape and write results back onto magnetic tape. 

Program 3 - mill limited program. 

REMARKS 

P1 entered 

P1 starts card transfer: 1st of pair of cards. 

P1 suspended waiting end of card read; TS entered. 
P2 e-ter3Sti 

P2 starts tape read. Read one block from TD2. 
P2 suspended waiting end of tape read; TS entered. 
P3 entered. .

TD2 finished; P3 interrupted and TS entered. 
.41- P2 entered because it is highest priority 

available and updates information from TD2. 

P2 ends updating, initiates write to TD3. 

AMP 

P2 starts tape read. Read one block from TD2. 
P2 suspended waiting end of tape read; TS entered. 
P3 entered: highest priority available. 

Cardreader finished; P3 interrupted and TS entered. 
P1 entered: highest priority available. Starts 
card read transfer: second of a pair of cards. 
P1 suspended awaiting end of card read; TS entered. 
P3 entered: highest priority available. 

TD3 finished; TS entered; fact recorded. 
P3 re-entered: no action required on TD3. P3 
still highest priority. 

TD2 finished; P3 interrupted and TS entered. 
P2 entered: highest priority available. Updates 
information from TD2. 

P2 finished updating; initiates write to TD3. 

P2 starts tape read. Read one block from TD2. 
P2 suspended awaiting end of read; TS entered. 
P3 entered: highest priority available. 

Card reader finished; P3 interrupted aid TS entered. 
P1 entered: highest priority available. Compiles 
information off cards into form suitable for mag. tape. 
TD3 finished; TS entered; fact recorded. 
P1 re-entered: highest priority available. 

TD2 finished; TS entered; and fact recorded. 
P1 re-entered: highest priority available. 
Compiling of card data finished: P1 starts transfer 
to TD1. 

And so on . . . Diagram 11 

Timing Diagram for a computer in Time Sharing 
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CORE 

STORE 
DATA AND ADDRESSES 

CONTROL 

OPERATION 
CONTROL 

CENTRAL 
CONTROL 

UNIT 

i.. L PRESENT CONTROL 

os
ETTING 

• 
NEW CONTROL 

SETTING 

HESITATION NTERLOCK 
SIGNALS 

ARITHMETIC 

UNIT 

DATUM 
LIMIT 
TEST 

MICROPROGRAM 
SEQUENCE 

GATES 

HESITATION REQUESTS & 
CONTROL SIGNALS 

 el PERIPHERAL 
CONTROL 

PARITY 
TEST 

TO B REGISTER 

DATA TO & FROM 
PERIPHERAL CONTROL 

BOXES 

PERIPHERAL 

CONTROL 

PERIPHERALS AS 
REQUIRED 

BLOCK DIAGRAM OF CENTRAL COMPUTER 

DIAGRAM 12 



SHORT 

ORDERS 

NOTES. 

23 
FUNCTION 

AND 
ILLEGAL 
ORDERS 

FHR INDICATES BREAK 
POINT FOR FAST 
HESITATION REQUEST. 

HR INDICATES BREAK 
POINT FOR ANY 
HESITATION REQUEST. 

PREPARATION 
OF ORDER 

MHES 
10 

LONG 

ORDERS 

MHES 
10 

MHES 
11 

HESITATIONS 

CHEX 
2 

END OF 
ORDER 

MHES 
0 

INTERRUPT. 

VERY 
LONG 
ORDERS 

z t,\,I NO YES 

\--pi. SWITCH TO EXECUTIVE , 

BLOCK DIAGRAM OF MICROPROGRAM. DIAGRAM 13. 



-MSP2 

FORCE SIN 
TO 

F X M 

.-MEP1 

GOO y40 
623, F0,2, 

G42} F Oy 2 

CFF 

+ MEO 

Q p 

RESET 
SPM 

+ MEN-.

Q 

G 0 y 2 

+ MQB1 

Gt -0- B 

- ME01 

+ MXDJ1 

X D -411.•S A D 

+ MALI 

A -Ow- L 

G0,2 y10 
v GIZ,F0.2 

+ MXDJ4 

HM F472 

PC-41.-Q22 

--ME01 

RESET 
SiD Et L 

PH,PC,POVR 
CLEAR 
F, X,M 

+ MEO 

Q - 40-14 

+ MRN1 

N-4"- S AD 
READ 

B-P•K 

G0,4, 2 -0- F 23 
V 3

+ MRP4 

READ/ 
/PAUSE 

G0,4 y40 
F0,4,40 

+ MSPI 

INHIBIT 
13-0.K 
12-14 

60v2 

+MNJ 

N-..SAD 

+MSP23 

INHIBIT 

15-23 

F 24 

FIRST 
CLOCK 

+ MBK4 SECOND 
CLOCK 

G2 (F0,2,6,y7 
GO 

yGI } F4,3,5 v 7 
V610 

+ M BK1 

G0,4, Y10 
F 0,4,4y S - 

+ CYBO 

+ MW S 

K 

WRITE 
PHP.K 
CYBO 

+ MRN 4 

P22 =1 

G0,1 y40 
FO -3 

+ MTOVR 

SET POVR 
IF OVR 

+ MRP 3 

INHIBIT 
RESET 

HM 

+ MEO __ FIFTH 
CLOCK 

THIRD 
CLOCK 

FOURTH 
CLOCK 

SPM 
RESET 

HM 

a) Starting conditions: assuming no hesitation request or interrupt, end of order produces 
+MRN1 which primes control bistables N —> SAD, Read and B —> K. 

b) At first clock: read, N —> SAD and B —> K bistables set. N contains instruction No. PREPARATION 
OF c) During first digit time: waveforms -MSP1, +CDL1, +MSP23, -MSP2, +MEP1, -MEP1 ORDER 

generated by READ, B —> K, N —> SAD and function; waveforms +MNJ15, +MR2, +MEP1 
generated by -MEP1 and function. Register N's content applied to store (N —> SAD) and 
instruction read from store (READ) to register B and K highway (B —> K). Bits 12 - 23 
inhibited (+MSP1 and +MSP23), gating N-address only to K. Datum gated onto L highway 
(CDL1). Mill output will be datumned N-address. Function, and accumulator and modi-
dier address forced onto F , X, and. M registers. 

d) At second clock: mill output Q (datumned N-address) strobed to A and N (+MEP1) and 
N —> SAD, Read and B —> K bistables set. SPM (control bistable contained in micro-
program to generating certain microprogram waveforms) reset. 

e) During second digit time: datumned N-address, register N's content, applied to store 
(N —> SAD) and operand n read out (READ) to register B and K highway (B —> K). Wave-
forms +MRP4, +MBK1 generated by READ, INV SPM and function; waveforms MXDJ1 
generated by READ, INV SPM, function and INV PH. PH, a bistable in central control, 
fulfills similar function to SPM. 

f) At third clock time: mill output Q (operand n) strobed into register A (Q —> A); bistables 
EXECUTION Read/Pause, XvD —> SAD, B —> K set. 

OF 
ORDER g) During third digit time: datumned X-address applied to store (XvD —> SAD) and operand x 

read out (READ/PAUSE) to register B and K highway (B —> K). Waveform +MALI generated 
by READ/PAUSE, INV SPM and function, and n gated onto L highway (+MALl, applied to 
collector or control bistable A —> L, forces bistable to set without necessity of a strobe 
pulse). n now on L input to mill, x on K input. If this is part of a multiple length addition 
there may be a carry stored in bit 22 of register P, from less significant additions. CYBO, 
generated by P22, READµPAUSE, INV SPM and function, puts a '1' in 1. s. carry input of 
mill. +MQB1, +MXDJ1, +MTOVR generated as a result of READ/PAUSE and function; 
+MAL1 generated as a result of READ/PAUSE, INV SPM and function; +MW5 generated as 
a result of READ/PAUSE, function and INV PH. 

h) At fourth clock: mill output Q (x+n+carry) strobed onto register B and bistables Write, 
P —> K, CYBO, XvD —> SAD set. Bistable POVR set if overflow conditions exist. 

During fourth digit time: datumned X-address applied to store (XvD —> SAD), register B's 
content (x+n+c) written away (WRITE). Register P's content (instruction number) gated onto 
K highway (P —> K); CYBO puts a '1' into 1. s. carry input of mill. Mill output will be 
instruction no. +1. Waveform +MEO derived from WRITE and function; +ME01, -MEO1 
derived from MEO. +MRN1 derived from -MEO1, INV H.R. and INV INT. POVR gated to 
Q 23by -MEO1 (POVR —> Q23); PC (carry bistable output) similarly gated to Q22. PC zero: 
001 instruction produces overflow not carry. 

At fifth clock: mill output Q (instruction no, +1) strobed into register P and N (Q —> P, 
Q —> N). Bistables PH, HM and Suspend D and L reset; bistable SPM set. These bistables 
reset automatically at end of an order ah a 'clearing up' process. Whether they require 
resetting depends on order and any hesitations just completed. 
Process now returned to stage b ) and new instruction executed. 

END 
OF 

ORDER 
j) 

THE 001 INSTRUCTION MICROPROGRAM SEQUENCE (UNMODIFIED) DIAGRAM 14 
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 V 
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DIAGRAM 15 
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PERIPHERAL CONTROL BOXES 

SPECIAL REGISTER 
64 

PINT LINES FROM 
VARIOUS PERIPHERALS 

BIN HIGHWAY 

(34 HIGHWAY 

SOUT HIGHWAY 

CRSR 64 

 MSP17 
4 MSP26 

4--MWXD 10 

TRANSFER OF 51164 TO ACCUMULATOR X 

DIAGRAM 17 



REGISTER N 

-:* 

DECODE it-1 

SR/1.-

COI we ow 

BAD HIGHWAY 

DECODE 1.1. 

SR -n. 

ME EMS IDES 

DECODE-n.0 

SR n+1 

ES 

BIN HIGHWAY 

Q HIGHWAY 

REGISTER B 

I I 
SOUT HIGHWAY 

4 4 4 

L _ _ 

- C N B 

MSP 17 
MSP 26 

 MWXDIO 

CORE STORE 

ACCUMULATOR X SELECTED 

DIAGRAM 18 TRANSFER OF PERIPHERAL SPECIAL REGISTER 
Ti. TO ACCUMULATOR X 

DIAGRAM 18 



_I= 

--- n   f  I DECODE n- I 1 

BAD HIGHWAY. 

  ES 
DECODE n I 35r

C N B 

DECODE n1-1 
- 

Mini =NI 1111111 11111 

BOUT HIGHWAY. 

K HIGHWAY. 

fi
B REG STER 

fi
SIN HIGHWAY 

CORE STORE 

fi

ACCUMULATOR X SELECTOR. 

MEXD 13. 

TRANSFER OF ACCUMULATOR X TO PERIPHERAL 

SPECIAL REGISTER 11 DIAGRAM 19 



TAPE TA PE TA PE TA PE 

DECK DECK DECK DEC K 

1 
I I 

_1 

I I
I I 
I I 
I I 
I I

••••• ..=•• .111 

UN IT 
CONTROL 

V 

UN IT UNIT 
CONTROL CONTROL 

416=11•111•11Maralk NINRIBINNINWORNUIX 

UNIT
CONTROL 

r --  - - 

UP TO 12 

TA PE DECKS 
L_T_ 

I I

i UNIT 
O IL  _T. _CpOENRT 

DECK

RL 

1 

CHANNEL 

CONTROL 

CHANNEL 

CONTROL 

imminsgaminennINIIMM 

CHANNEL 

CONTROL 

BOUT, BIN AND HESITATION CONTROL LINES 

BAD C E NTRA L 

COMPUTER 

MAGNETIC TAPE CONTROL SYSTEM. 

UP TO 3 

CHANNEL 
CONTROLS 

DIAGRAM 20 



COMPUTER 

(BOUT 0 — 7) 

( BOUT 24) 

(BIN O-7) 

(BIN 24) 

(HS OR ES) 

( E ) 

(BOUT 8 L ES) 

( BRST OR ES) 

(FREEZE 

HRI 
OR 
HRO 

(ESTOP') 

(PINT) 

75 —WAY CABLE 

DATA, CONTROL, OR 

IDENTIFIER OUT 

DATA CONTROL, OR 

IDENTIFIER IN 

 SELECTE 0 

CONTROL CHARACTER 

set 

DATA, IDENTIFIER 

FAST ;TIMING RULES 

rIM1NG STROBE 

GENERAL RESET 

HESITATION REQUEST 

INWARD OR OUTWAR D 

END OF TRANSFER 

  INTERRUPT  

'Me 

NOTES: 
I EACH LINE IS A 

TWIST ED PAIR 

2. MANDATORY LINES  

3. LINES NOT NEEDED FOR 
ALL PERIPHERALS 

POWER SUPPLIES OK 

POWER SUPPLIES OK 

STANDARD INTERFACE LINES (SCHEMATIC 

PERIPHERAL 

Do 

Di 

A 

C 

No 

NI 

F 

T 

G 

R 

J 

L 

B. 

Ho 

Hi 

DIAGRAM 22 



COMPUTER INTERFACE CONTROL PERIPHERAL 

I . C . U. 

PINT 

INTERRUPT 

TRANSFER 
REQUEST 

EXECUTIVE 

BAD 

174E 
ORDER 

171 PART 

170 PART 

BAD 

DECODER 

ES 

B 

I-

 14 

Di 

INTERRUPTING 
CONDITION 

CONTROL CODE 
ON Do 

SELECTED BY 
EXECUTIVE 

RESET STATUS 

IDENTIFIER 
ON Do 

CONTROL OR 
(DENT. CODE 

RESPONSE 

s....\.INTERFACE 

NOTE: 

UP TO 25 ',CU:5 MAY BE 
CONNECTED TO ONE C.C.U. 

AS CONTROL OPERATIONS ARE 

MUTUALLY EXCLUSIVE ONLY 

ONE I .C.U. NEED BE SHOWN. 

TRANSFER OF CONTROL INFORMATION OVER THE STANDARD INTERFACE 

DIAGRAM 23 



HESITATION 
CONTROL 

INWARD OR 
OUTWARD 
HESITATION 
REQUEST 

HESITATION 
SELECT 

H R 0 

H R I 

H SO 

INTERFACE CONTROL 

C. U 

/ v%
I DELAY 

WITH 
ACTIVE NI —i 

INWARD 
OR 

OUTWARD 

HESITATION 

HSI 

MULTI CHANNEL 
DEVICE CONTROL 
WORD ADDRESS 

RESET 
PERIPHERAL 

END OF 
TRANSFER 

DATA IN 

DATA OUT 

HAD 

B STOP 

BOUT 

r - DAT A — 
IDENT I 

REGISTER 
 — r -

( g ) 

 at. 
IT S. 
G E N 

PERIPHERAL 

REQUEST 
TRANSFER 

DIRECTION OF 
TRANSFER 

A SELECTED FOR 
TRANSFER

 6, RESET FOR 
NEXT HES, 

  TERMINATE 
TRANSFER 

DATA NDATA

IDENTIFIER i ° 

°R 

D 
 ir DATA OUT 

I Ni _r_T_(,__ ...4__ _ 
1

CDAHTAAN GIDEEDNT I Fl ER 

1 
(&1  ).....i __.1- No _ 10,,

It 1 V 
SEND DATA 
IDENTIFIER 

INNHoIBIT i 

1
2,,  S 

DELAY 

IL 

MIX
UI

D 

REG 

0 

STE R 

C. C. U. 

\ INTERFACE 

NOTES: 

i, UP TO 25 I.C.CS MAY BE 
CONNECTED TO ONE C.C.U. 
AS HESITATIONS ARE 
MUTUALLY EXCLUSIVE, ONLY 
ONE I.C.U. NEED BE 
SHOWN. 
2 DOTTED PORTIONS 
ARE INCLUDED FOR MULTI-
CHANNEL DEVICES ONLY. 

TRANSFER OF DATA OVER THE STANDARD INTERFACE 

DIAGRAM 24



DISC FILE 

DISC I
I UNIT I 

I 
L___.2 ___I 

lT -

I DISC I 

UNIT I 

1 

SERIAL ADDRESSES AND DATA 

L 

BAD 

L 

DISC FILE 

LOGIC UNIT 

t 
CONTROL SERIAL ADDRESS AND DATA 

DISC FILE 
CONTROL UNIT 

BIN BOUT AND HESITATION CONTROL LINES 

CENTRAL 

COMPUTER 

DISC FILE CONTROL SYSTEM 

1 

COMPUTER 

DIAGRAM 21 



COMPUTER 

(BOUT 0-7) 

(BOUT 24) 

(BIN 0-7) 

(BIN 24) 

(HS OR ES) 

75 - WAY CABLE PERIPHERAL 

Do 

A 

DATA CONTROL, OR 

IDENTIFIER OUT 

..1111 

DATA, CONTROL, OR 

IDENTIFIER IN 
q4

SELECTE D 

( E S ) C CONTROL CHARACTER 

(BOUT 8 & ES) IDENTIFIER -- No 

DATA IDENTIFIER NI 

F FAST TIMING RULES 

( BRST OR ES) TIMING STROBE 

(FREEZE) RESET G GENERAL. 

C

H

I RI
OR 

RO J 

HESITATION REQUEST 

INWARD OR OUTWARD 

(ESTOP) L END OF TRANSFER 

(PINT) INTERRUPT B .011 

Ho POWER SUPPLIES OK 

Hi POWER SUPPLIES OK 
NOTES: 
I. EACH LINE IS A 

TWISTED PAIR 

2. MANDATORY LINES 

3. LINES NOT NEEDED FOR 
ALL PERIPHERALS — 

STANDARD INTERFACE L NES (SCHEMATIC 

DIAGRAM 22 



COMPUTER INTERFACE CONTROL PERIPHERAL 

I . C.U. 

PINT 

INTERRUPT 

TRANSFER 
REQUEST 

EXECUTIVE 

174 E 
ORDER 

171 PART 

170 PART 

BAD 

ET IN 

BAD 

DECODER 

ES 

r 

I 

V 

I C 

I T 

GEN. 

INHIBIT ITS 

C. C . U . 

I No 

Do 

REG. 

Di 

INTERRUPTING 
CONDITION 

CONTROL CODE. 
ON Do 

SELECTED BY 
EXECUTIVE 

RESET STATUS 

IDENTIFIER 
ON Do 

CONTROL OR 
I DENT CODE 

RESPONSE 

..%,INTERFACE 

NOTE: 
UP TO 2S I.C.U:s MAY BE 
CONNECTED TO ONE C.C.U. 

AS CONTROL OPERATIONS ARE 

MUTUALLY EXCLUSIVE ONLY 

ONE I .C.U. NEED BE SHOWN. 

TRANSFER OF CONTROL INFORMATION OVER THE STANDARD INTERFACE 

DIAGRAM 23 



HESITATION 
CONTROL 

INWARD OR 
OUTWARD 
HESITATION 
REQUEST 

HESITATION } 
SELECT 

MULTI CHANNEL 
DEVICE CONTROL 
WORD ADDRESS 

RESET 
PERIPHERAL 

END OF 
TRANSFER 

DATA IN 

DATA OUT 

INTERFACE CONTROL 

H R 0 

H R I 

H S 0 

I. c.0 

2/ ,A s 
I DELAY 
  WITH 

ACTIVE N Paul 

INWARD 
OR 

OUTWARD 
HESITATION 

HSI 

 V.

/ 
& 

1 
[ — DATA 

IDENT 
REGISTER_J

HAD & ) 

4 

D 

2c4
DELAY 

IN I IN MI r 

C. C. U. 

V 

PERIPHERAL 

REQUEST 
TRANSFER 

DIRECTION OF 
TRANSFER 
SELECTED FOR 
TRANSFER 
RESET FOR 
NEXT HES. 

TERMINATE 
TRANSFER 
DATA !NOR DATA 
IDENTIFIER 

DATA OUT 

DATA IDENTIFIER 
CHANGED 

SEND DATA 
IDENTIFIER 

\ INTERFACE 

NOTES: 

UP TO 25 I.C.C5 MAY BE 
CONNECTED TO ONE C.C.U. 
AS HESITATIONS ARE 
MUTUALLY EXCLUSIVE, ONLY 
ONE I.C.U. NEED BE 
SHOWN. 
2 DOTTED PORTIONS 
ARE INCLUDED FOR MULTI-
CHANNEL DEVICES ONLY. 

TRANSFER OF DATA OVER THE STANDARD INTERFACE 

DIAGRAM 24 



SHIFT 
LEFT 

BIN 
(FROM 

PERIPHERALS 

DIRECT 

M HIGHWAY 

SHIFT 
RIGHT 

CZ HIGHWAY 

MILLORADDER 
(24 BITS) 

A REGISTER 
(24 BITS) 

SIN 

B REGISTER 
(24 BITS) 

SIN HIGHWAY 

1/4 .4.0011.1111M110=MMISOMINC) 

0 

K HIGHWAY 

L HIGHWAY 

( 0-00 — BOUT 

(TO PERIPHERALS) 

INV A 

SHIFT L OR R 

 01 P REGISTER 
(24 B ITS) 

to 
DATUM 
(9 BITS) 

0 

CORE 
STORE 

SOUT 
HIGHWAY 

r 
 lo 

SAD OR J 

COUNTDOWN I 

N REGISTER 
(IS BITS 

F X 

(7) ( 3) (2) 

THE ARITHMETIC UNIT 

RESERVATION 
CHECKER 

--Po BAD 

A 
SAD OR J 

CONSTANTS 
AND CONTROL 

WORD ADDRESSES 

FROM 
PERIPHERAL 
CONTROLS 

DIAGRAM 25 



FROM CENTRAL 
MACHINE F & X 

REGISTERS 

I N STRUCT ION 

SO UT BIN 

ARGUMENT 
ARITHMETIC 

OPERATION CONTROL 

CONTROL UNIT 

CONTROL SIGNALS 

EXPONENT 
ARITHMETIC 

BLOCK DIAGRAM OF FLOATING POINT UNIT 

DIAGRAM 26 



r _o gi SOUT 

r _0 0 SHIFT RIGHT 2 

0 0$ SHIFT RIGHT 1 

r _<>  DIRECT 

SHIFT LEFT 1 

FQ HIGHWAY 

ARGUMENT MILL 
(40 BITS) 

CYBAO 

FA REGISTER 
(38 BITS) 

FL HIGHWAY 

FA FL 

FA F 

FL

F B REGISTER 
(39 BITS) 

‘Nomma rmwameamesssasorei nm. .7. 1110 
FC REGISTER • 

(38 BITS) 

F B-►FK 

6.0 

FC-►FK

14.1 011114 

SOUT 

SHIFT RIGHT 2 

,  
SHIFT LEFT 1 

EXPONENT MILL 
(10 BITS) 

  CYBE0

F.K. HIGHWAY 

BIN 

FP HIGHWAY FO HIGHWAY 
  FE 

FE REGISTER 
(9 BITS) 

F D REGISTER 
(10 BITS) 

FE FO 

FD FN Iw o 

FD 

FN HIGHWAY 

THE FLOATING POINT UNIT ARGUMENT & EXPONENT ARITHMETIC UNITS. 

DIAGRAM 27 



PREPARATION OF 
ORDER 

G2B —0 

NOTE. 

DOTTED LINE ENCLOSES 
PORTION OF MICROPROGRAM 
CONTAINED IN FLOATING 
POINT UNIT. 

MEP 
1 PREPARATION LOAD / STORE 

BUSY N a 

F7 

UNLOAD 
EP UNIT 

F7 

LOAD 
F. P. UNIT 

r 

BUSY 

FHR 

FHR 

SET 
BUSY 

F2,3,4 
v5 

HESITATIONS 

END 
OF 

ORDER 

1 
INTERRUPT 

NO YES 

SWITCH TO . 
EXECUTIVE 

L 

0— F2v3 

FST 

F4 

FLOATING POINT ARITHMETIC 
X 

NORMALISER 

NOT 
BUSY 

NORMALISED 
ANSWER 

----___ 

— — — 

FLOATING POINT UNIT MICROPROGRAM SEQUENCE. 
DIAGRAM 28 

F5 


