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. TFOREWORD

Trols ugﬁdbook‘sets out to explain the 1904, 5, and 9 computers

of $he 1900 system to both engineers new to computing and engineers

with sxperience of existing computers.

 Chapter 1 will be of value to the newcomer and Chapters 2 and 3
0 thoss engineers who already have experience of non-time sharing

: mac umes. - .

The déscription of the 1904, 5, and 9 computers propér starts in
Chapter 4 where a brief account is given of their main features. This
account is eﬁlarged upon in the following chapters and while nothing
is dealt with in detail the aim has been to give to the reader a good

 working kndwledge of the system as a whole.

The design of some sections of the oomputers is,'at the time of

f'lWM1t1n0, in a state of flux and though no radical changes are likely,

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

‘l’perﬂph sral conbrol., For this reason the information contalned herein

l must be regarded as prov1sxonal ‘and further 1nformat10n w111 be 1ssuedf

,'from tine o tlme.
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 Write x in cumulative answer. |  x

: P\l‘t n-1) in «‘counter. e ‘ ok L ; n"1 ,:;,‘:1

~ If counter is zero, place
cumulative answer in final

. answer and stop.

If counter is not zero, ad&

Ve to cumulative ansWere~lv;;ij/;:i;mxfx WJ
. Subtract 1 from counter .. .

~ If counter is zero, place

' ‘ .answer and stop.

= If counter is not zero, add -

‘ wj‘x to cumulatlve enswers' o] e D

CHAPTER 1

INTRODUCTION TO A SIMPLE COMPUTER

B Some simple arithmetic

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

 zero and p031t1ve or negatlve numbers, he could be used to work out
; "f“the most complex arithmetical problems by being issued with pencil and
 paper, and a serles of instruotlons. To multiply x by n he need not

“fknow how to multlply. x can be added to itself n~1 timese.

A series of 1nstruot10ns to enable the clerkto do this could be set }5 f5l*"

‘cumulative Hpte it U Pingl

~ answer |  counter | answer

cumulative answer in final

~,;And'sokons

‘ 1/%\ ‘;' 




 cumulative answer column.

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

:answer‘ at each étep until the condition n = zero is recognised by the

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

‘column end stops the operation.

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

program (1ist of instructions) to follow, In this case he would be

""asked to subtract repeatedly n from x, counting each step, until the

'_f’cumulatlve ‘enswer went negativea In this case the counter column con- e

 nvta1nsfthe answer, the remainder being the last but one entry in the

p— e

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

~ clerk has now been extended to multiplication and divisioh.l If he is

- now glven a program for the solutlon of a more complex arithmetic program,

~ rather than write out the whole of each multiplication or division Pr°°953 } ﬂ*§f1 0

- in the program, the orders,multlply or divide can be glven at the approf‘;,  ; £

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

saves time in writing out the program for him to follow. If he could“"

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

- save h:m 8 lot of tlme in executmg the prograi.

‘ In summary, any mathematical problem which can be solved by arlth—' i

metic - means, w1ll break down 1nto a program of smmple arithmetic in-

structions. The execution of these demands an ability to follow the   fg f7*%”5v5 i

instructions sequentlally and do veny 31mple arlthmetlc and’ dlscrlmln—fn'

atlve operatlons¢

1.2 Digital and analogue computers

Like the clerk postﬁlated above, an electronic oomputer can perform

| only simple operatlons in the order laid down by a program of’ 1nstructlons.‘ i

A ‘computer's whole virtue ‘1ies in the speed and accuracy with which 5
can carry out suoh operatlonso_ These qualltles are 1ts only “superhumaﬂ‘

‘.aspecta

e




' examples of 31mple analogue devices are the speedometer in a car and

0 a sllde rules

T wheels into electrical energy and then into the mechan1ca1 dlsplacement_

litiof a p01nter on a soale markad of'f" 1n mopohe

’; ithmically. To multlply two numbers, dlstances analogous to the log—~

i‘arlthms of the numbers are added together.
{abacusu

igearlng) on a dlgltal counter. This is marked 1n mlles°

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

tffaccuraoy is determined entirely by how well they are made and how clearly
’thelr scale can be reade In the case of the digital dev1ces, there is .

f‘ff,lno doubt about their answers. Were there sufflclent "places" on an,;::¥ ff‘5
‘31odometer, the progress of the car could be measured in feet or even o

ﬁ“lnoheso 1‘

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

A spéedometer translates the revolutions per minute of a car's

Thelslide rule has its length mafked‘off'in numbers spaced 1ogar~,f  f“ 

Two examples . of dlglﬁal devices are the odometer in a car and theyf"f V*

An odometer counts the revolutions of a car's wheels (v1a sultable

With an abacus, beads are moved from one end of a wire to the’ﬁiﬁ°

{;other for the purpose of addlnguA Each bead represents unity on the

It w1ll be noted that in the case: of the analogue dev1ces,,thelr

yih;Some points should be mentioned at this stageo.
o The accuracy of an analogue device depends on the'preciSion~ f5
~ of its manufacture. k \ R

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

digits (or places) which can be held 1n31de S - ‘1*34 

B g An analogue device measures quantltleso

‘hmf*fA“digital‘device counts quantities.




An analogue computer is well suited to the solution of differential
equations. The constants in such an equation can be simulaﬁe& elect—
riecally in terms of 1nductance, cap301tance and resmstance and the

accuracy of the answer is good enough for many englneerxng applicationss.

A digital computer is sulte& to any pr@blem that can be solved
numerlcally but will generally take 1onger than an analcgue machlne

to solve problems in dxfferentlal calculus,"‘

The I.CeT- 1900 is a dlgltal computer and from here onwards, no’if;‘

"‘ﬁfurther mention of analogue computers Wlll be made.

163 The choice of a numerical syétem

1341 General |

LI e computer is to'pérfbrmVsimple'arithmetlc,'it/must be able

* 'to remember numbers. To hold decimal digits, we need an electrlcal W' -
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 k-
switch or a relay is either open or closed and has no half way state, i
,fyand a valve or transistor can be used with greaﬁest speed and Slmpllclty i

"‘by sw1tch1ng it between its fully conductlve and cut off states. Twoﬂ»fi 5(f1 

‘»'state devices such as these are useless for the direct expre351on of

‘ ; f1n blnany form.,"-

‘declmal quantltles and so, 1ns1de the computer, numbers are represented

,1§3.2, The_binatylsystem =

“}fv”[The decimal number 10,496 re?fesenﬁs:ik k

b o)" '

1 x10 +0x103+l;.x10 +9x10 +6x10
or 10 000 + 400 + 90 i 6

ka‘In the binary system theiﬁumbe:;gyfulfi13 the same‘fﬁnqtidn‘ééfdpesfi';" S

| 1/4 |




the number 40 in the decimal system. With the decimal syStem the
~digits are represented by the numbers 0 to 9. As the bihary 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 '; 0
1 % 24 + 0 x 23 + 1 % 22‘+ 1 x 21 + 0 x 2

or in decimal 16 + 0 + 4 + 2 + 0 which is equal to 22.

463e3 The radix of a system

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

 '77i‘and as 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 radlces)

'}?f There are other systems than decimal and blnary in common usage, €. g, g i
~ the weight Xst Ylb Zoz involves the radices 16 (ozs to 1bs) and 1410 il e
~to st :

* The sum of money £X Ys 2Zd involves the radices 12 (pennies to
shillings)and 20 (shillings to pounds). The above are both examples

. of mixed radix numbers.

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

>' 7  down into terms of the lowest denomination e.g. Sterling may be broken i

',:down 1nto halfpennles beflore any calculatlons are done on 1t and then ' ! :af o

‘ 7; converted back into £ s d. before obtainlng an output from the com—‘;v'  “

& ‘ 5 ~ putern

1.3.4 Binary decimal relationship
! The decimal value of aach”digit'of a binary’numbér is worked out

and these values are added to give the decimal equivalent.

e8| '10110100{27; (1x2° 4 ax2® & 1x2”

It

; 6 8
T+ Ax2T 4 1x2f’)10

1t

8+ o2 & e )
P

it

10

S /s




The suffixes 10 & 2 denote the radices of the numbers s

To obtain the binary counterpart of a decimal number, the process

shown below is carried out.

72§ﬁ1 ;
2)180 » ~ remainder 1
2%“29 « L SRR )
o 2)ds 0 |
2V AN S e 0 L Caw 361 binary L

2) . 1

0

1

i B
2)_ 1
5 -
““7;iThé answer isythe,remaindeffédiﬁmn:reading:ffam bqt#bm;ﬁb;ﬁéée 5

361, =101101001,

Y10

‘134. Logic elements

1sks1  General -

A,binany'number may be represented inside a computer in three farms:' ;”'
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

parallelf%rmtnach;bit in a numberihas a separate channel allocated to -

its

In a serial cémputer’there is a}ways an electronic clock and it is !
by reference to this clock that the sigﬁificanée of the bits of a serial
' number in any part of the coﬁputer may be determined. The‘significance
of the digits of a number represented in parallel is determined in quite
.6 different manner, and»depepdslupan which one of the n sepgfate channels

-is allocated to it.

© Several basic‘circuitJelements have been designed for computers, but

in order to orientate the reéder‘toward the InC.T» T9QO\range, two of the

/6




elements used in the rengebﬁili be used in the following examples.

These are the'NOR’and the single entry'bistableo

’f,Note? It was mentioned in sectlon 1 3 1 ﬁhaﬁ blnany data may be,

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

transistor. This has resulted in data voltages belng referred SR el

"'to as positive and negetlve° Such termlnology is very useful
but is purely relative, and 1n the 1900 gerles for example,

kcorrespon&s to voltages of OV and -6V reSPGCtlvelY° _é'

1ek.2 The NOR element

The NOR element is a multlple 1nput gate followed by an 1nverter,

"ff and is arranged as shown below.

g_v»,,.
- . b @ INVERTER 0O OUTFUT
L T2 ———f—e -y T
 INRUT 3 s |
N

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

~ level at p01nt Va

If any 1nputsare p051tlve their diodes will conduct and point y

will also be p051t1ve°' any negatlve 1nputs will not effect the output’” : ,e‘
v‘,because their diodes will be cut off. The only time that pomnt y can

~ f:lbe negative is when all of the 1nputs are negatlve° '
- That is:

- INPUT 1 and INPUT 2 and INFUT 3 negatlve 6 o0t y is negatlve
“_ INFUT 1 or INPUT 2 or. INPUT 3 p031t1ve cees Yy is pos:Lt:Lven

o BeCause of its actlon, such a dlode configuration is referred to
- as emther a negative AND—gete or a p031t1ve OR-gate dependlng upon its
loglcal appllcatlono VLH3§' RS o e R




To complete the NOR element the gate is followed by a single
trénsistor inverter whose output is positive for a negative input and
vice-versa. 8o, with inputs which are active when positive neither
INPUT 1 nor INPUT 2 nor INPUT 3 (i.e. all inputs negaﬁxve) malke
QUTPUT posltlve.

The overall effect of the NOR element is:
INPUT 1 and INPUT 2 and INPUT 3 negati Ve cooe OUTPUT is positive

INFUT 1 or INPUT 2 or <INPUT 3 p051t1ve wioae OUTPUT is negatlve.

In order to 31mp11fy logic draW1ngs the NOR element 15 represented

by the symbol shown below in the 1900 serxes. Pt

inputa./ o >0 cutput

Ca N

--# 3 The 31ngle entry blstable

The 31ngle entry bistable 1s arranged as shown below. It-gainé »
" its name from the fact that there are facllltles for one palr of

1nputs only.

o INFUT 50— L—-——-——o - OUTPUT R
o . "N | bistable e e
INVERSE INFUT ,\% = .‘ —¢0 INVERSE OUTPUT
: « . , : |

O POSITIVE STROBE .

INFUT méy be either positive or negativé ahd INVERSE INPUT is, as

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

AND-gates and theiryoutpufs are negative excépt for the time that

POSITIVE STROBE goes positive., At that time either INPUT or INVERSE
INFUT, 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 experlences a. trlggerlng 1nput at the tlme of the strobe,
its’ state remains unchanged between strobes regardless of changes in 1nput
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To 31mp11fy logic drawings the blstable and its 1nput gates are

o represented by the symbol shown below. -

re strobe

inputo-— g output

inverse input®] | © inverse output

Bearing in mind the characteristics of the above two elements,

: ﬁ_k‘the f°11°W1n8 two examples of serial and parallel loglc w111 easwly S

'f‘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 rn-”“ "
~length, each bit being represented by the presence (1) or absence (O)

,rof a pulse one mlcroseeond in length. The whole serial number is

represented by a train of pulses six microseconds in &uratlon o

reelrculatlng around the circuit shown in Dlagram 1.

a) Input

‘.iA,tlmlng diagram for the input of 1nformatlon is shown in
,Dlagram 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 tlmlng dl&grem. The delay line may have 80Mme

“information already elrculatlng from a previous transfer s0,

~ as the new information enters from NOR 1, any old information ';:‘~e'

“, is erased byAapplying NOR 4 (inverse INPUT GATING WAVEFORM)

“' ‘to NOR 3. NOR 1 output emerges from the delayeline;justresn,e:f;ﬁi;[

- NOR 4 returns to its negative state and so will circulate
‘ unimpeded, the circuit acting as a six bit store.
:‘b) Output
OUTPUT GATING WAVEFORM is normally positive. If, at an

epproprlate time it is taken negatlve for 6 mlcroseconds o

’oopy of the delay line's oontent w1ll emerge at OUTPUT

%3




1.4.5 A method of storing and trausfefring numbers in parallel

' The binary number in this example is egain taken as being 6 bits
in»length, but this time it is stored in the six bistables shown in

Diagram 3.

The sii‘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 1nputs making the oorrespondlng outputs positive.

. Any negatlve 1nputs present are 1nverted in the MNOR elements and are
'gated by STROBE onto the approprlate bistables' lower inputs, agaln g Sy

’maklng the corresponding outputs positive.

The content of INPUT is thus stored in the blstables and is ava11—~ :
able at OUTPUT. Any change in INPUT will have no effect on.OUTPUT ‘H'~ f'“

' untn.l a further STROBE is applled.

“Thesthypical eircuits serve to demonstrate two poinfs:‘

S 1) ithe serial circuit is slower than the parallel
‘ :,gcireuit because it takes.6 bit times to deliver , ’
or accep€~a 6-bit number whereas the parallel‘circuit i’:'"/'N
-accepts or transmits all its bits simultaneously in‘v‘
a time governed by the speed of the circuit elements ef

& (typlcally less than 1ps),

~:2) ' the parallel circuit uses more oircditfelements'than
iy the sermal circuit because it prov1des 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 15 futile at the present tlme to speed up appreolably the clr-

"“eff7cu1ts of Parallel machlnes because storage at present avallable :

e;{e“, 1/H0‘;,,A;,e




;(discussed in 1e 9) cannot take in or gi&e out information at sufficient
speed to take advantage of extra Qpeed in a parallel machine. The I.C.Te
1900 is a. fulLy parallel machlne Ln whlch a 24=hit number can be trans~

ferred from one bistable reglster to another in 1ess than 1 mlcroseoonda

‘ﬁaE The make-up of a simple computer

1«51 General’

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

iciprdblems, the clerk originally postulated would need wrltten 1nstruotlons;ff

' end a sheet of paper on 'which to write any 1ntermed1ate and final answersa,kef”

J‘"e:-In order that an electronic oomputer may perform the same functlons 1t

ff}‘requlres* ;

.hie);j‘a store for holdlng 1nstructlons and answers,
;;,fb)j' an arlthmetlc unit for carrying out any neceesany multlpllcatlon,ei
o - addition or dlv1smon, ' ‘ -

j.c) a control unit to interpret the 1nstruct10ns and move data

E between the store, the arithmetic unit, and 1nput/output devmoes,&F_f7e

o d) - a means of getting information into and out from the eompgtergwfv;eeefea

€afy a-paper tape reader and punche

Dlagram 4 shows a 81mp1e computer in blook form 1ncorporau1ng the

~ above unlts, and the followmng sections deal briefly w1th the content of

'e';each block and with the way in which they work togethern~
: 1a5;2 The,store

The store is equally lelded 1nto addresses and each address contalns
& number of bltsn' The addresses are numbered from nought up to, in the
case of modern computers, many thousandsu Any one of the store addresses

can be selected electronmoallyn‘:

The oontent of each address is called a word (rather than a number)
and is typlcally between 20 and 50 blts in 1engtha The 1900 range for
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i, instance has a word length of 24 bits and a store capacity of between :
4096 (212).and 32,768 (215) words. The bigger the store capacity, the
 more expensive is the computer. A store of 4096 words capacity woul&

" 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 contains;

: 1; 1‘a function part which tells the computer Wwhat arlthmetlc,qgi '

~ transfer or lnput/output operation to perform,

: 2"; an address part whlch tells the ccmputer at whlch address: ;f;”;“ .

the data releVant o the 1nstruct¢on is stored.’

The data is then fed into store locations. referred to by the address f;u”

parts of ' the 1nstruct10na
Whén‘program and data are stored the computation can starth' ‘

1¢5.3 A computer instruction

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

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

mentioned,van instruction specifies what operation is to be performed

(function part) and where the data on which the operation is to be. ocarr—
ied out is stored (a&dress part). It is required for ease of programming
‘,'that Dbesides belng able to do simple arlthmetlc, the computer should also ::‘ |
be able to carry out transfers, 1nput/output.control, sign testing, radix
~ conversion, etc., For this reason, upwards of one hundred instructions e

~~  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 arlthmetlo unlt is 1100011 '

 “fYﬂand the content of store line (address) 33 is requ:red 1n the arlthmetlc

“  un1t, the 1nstruct10n to implement this is:- ' ',v.'

110001100000000000100001

functlon f:\ | address

V ,(35)




 ‘11.9. transfer content of store line 33 to arithmetic unit, It can be
””” "l;~seen‘that the above instruction 1ooks exactly like an operand. The
- "job of the control unit is to separate instructions from operands, -

'f;‘<break down 1nstruct10ns into their separate parts and act upon them.

&

1;5.4 The control unit
,Q fThe main components of the ooﬁfrol.unit are;

&)  a control register which contains the control address*a~this~ibi‘
5 usually increases by unity after each instruction 50 that the -

i"next instruction may be ‘read from store when requlred

‘_; b)¥, circuits which decode the function part of an 1nstruct10n and

:'set up the computer to obey the 1nstructlon,

:’){fJercults which decode the address part of the inétrﬁqtionsk' -
 iin.Qrder 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:

&) 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 érithmetic unit;ff7a

~‘ # 0)’ facilities for shifting operands left or right in fhéyétéres'

 mentionéd in b) for such purposes as multipliéation,ahd diﬁiSi0an5?

14506  Input and output

: Data is fed‘ihtd a computer via such media as punched paper tape,
°'punched cards, and magnetic tape. Output is obtained on the same media
' and, in addition, may be obtalned directly in printed form on. dev1ces

e whloh print out a whole llne of characters at a tlmea fi'

1’;» N6 mbre need be said of input and putput at this étag¢;5but the f
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. _subject will be dissussed in more dcta1l in sectnons 16110 and - 1ot2s

1.5.7 The relationship of control, arithmetic unit, and store

AD easy way Lo gather 1n51ght into the way in which the control,
s %
,~ar1thmet¢c unit,and store work together is to run through the short

program,“add x toy Y and place the result lﬂ the store,

 Assume that;

' .a) operand x is in store address 3,

‘b) operand y is in store address k4,

c) ‘the answer is to be placea in store address 5

- Three.instructicns are required and these are;

_ transfer the content of store address 3 (x) to the'arithmetic ,;fi“~
N cunit, ‘ V s k S
~b)  add the content of store address 4 (y) to the content of the S

arithmetic unit,

'¢) transfer the content of the arithmetic unit (x + ¥) to store’ff, Q?‘f,u °j~ 

ad&ress’Bo

Assume that these insﬁructions‘are located in store lines 05‘1,f  ‘f””"'7*
‘and 2. ‘ .

All the paths taken by operands, addresses and 1nstructlons 1n the

follow1ng examples are shown:ulinagramh* The control unlt does the follow- 

First,insﬁruction

a)s Sends the control a&dress (equal to 0) from the controL reglster ~;

to store selectiona ‘ ; e
,b) "Reoe1ves the content of aadrecs 20; (flrst lnstructlon) and
' 'sepaxates the functlon and addreso parts. : ‘
Applles the address @art of’ ﬁhe 1nstructlon to store selectlon  ~; M

ithus select;ng atore lmne 5°




- d)

‘@) -

Decodes the function causing the content of store address

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

-Unity is automatically added to the control address in order

that the next instruction may be had from store.

Second instruction

o

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

register to store selection.

~ Receives the content of addrvess 1 (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 sutomatically added to the control address in order

that the next instruction may be had from store.

Third instruction

a)

[ .

e).

1.6

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.

Appliesvthe address part of the instruction to store selection

to select store address b.

- 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..

Jump instructions

It has been stated that the instructions of a program are placed in
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consecutive store addresses in order that they may be selected in sequence
by‘control. For a variety of reasons, it is sometimes necesséry to break»'
Vf’the sequence and jump to anothér control address. This is done by in-
- jecting the address to which it is required to jump into the eontrol ‘
W 'reg1ster. The control register then carries on. eountlng from the new oy

fflcontrol address as normal.

”  } There are twoAtypas of Jjump:

a) unconditional,

~b) conditional.

; The first type is initiated by an instruction of the type "Jump to
‘1iaddress N" and the second by an instruction of the typek“gump to address
N if certain conditions are met". These conditions may be that an 1nteré
" 1med1ate result has gone from posmtlve to negative, exceeded a certaln‘

fg"value, become zero, etc.

- The computer would be programmed to "look" for this condltlon and :
‘_1f it happened, jump to an alternative part of the program, ’The QQndlthﬁ

2l jump is necessary in every problem a computer encounters.

‘**f’1s7 Address modification or indexing

. In some types of 8ppllcat10n it is necessary to repeat-the same S
* program several times using different sets of data. An example of th1s
'5, 1W9uld be the working out of a company's pay cheques. Each 1nd1v1dual'
‘gross salary is different, but the computation to arrive at his nett "
: salary is standard (with due apologies to all salaries departments).’ It};f°‘ :
is desirable that the same program can deal with each salary computation, d 
but thaf 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
~,'coﬁtaining data applicable to the cﬁrrent’case, Both the terms modifier .

jffiand index are in current use, the former in Brltaln and the latter in the .
~fiﬁUn1ted States and Canada,-;' o o




Looking back to the three instructions described in the latter

f ‘f %part of section 1.5.7, if between steps b) and ¢) a modifier is

' added to the address part of’ the instructions, then the data will be
',ae;ected from a different store location to that specified by each

i inétructidn,k ' '

‘ Most computers have several special registers in which modifiers -
‘ \“  aré stored. Part of the instruction coding specifies one of these
:P:registers and the modifier is read out and added to the address part

of the instruction just before it is applied to the store selection;f‘:

> ‘Taking a eqmpuﬁer of 2L~bit word length, 100 instructions, and’:;‘_

53,moaifiervregisters, the ingtruction might be made up asrfollows:‘ 7; ‘

© function modifier address

7 bits 2 bits 15 bits

The control unlt decodes the 2 bits specifying the modmfler _‘ 3’5"

#reglster and if both bits are zero, no modifying takes place. With =

v;”values 1, 2, or 3, the content of the appropriate modifier reglster
:13 released and used in the manner described above. It should be v
_ noted that when ‘modifying takes place, the address part of: the ‘_fyfff;
:flnstructlon in the store is in no way altered. e

1.8 Multiple address instructions

So far, each instruction has quoted a single store address and
~an operation such as an addltlon has requlred three 1nstructlons,

: ’ZF{al.e. two to bring out the operands used in the . addltlon and one to
U ,77: ;il\ 5?fplace the answer back in store. MNore sophlstlcated computers can

~ accomplish this with one 1nstructlon.

o  _7use these to hold operands in the course of a calculation. A program
W o - in the I.C.T. 1900 for example, has access to 8 such accumulators and

i . these are,the first 8 iocations of the program7s'stbre area.

. : 71/1'7
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It is common to have additional registers called accumilators and




ifier and accumulator address. An example of an instruction typlcal

The 1900 range instruction has faur parts: function, address, mod- :

~of this type is: add the content of N to tha content of acoumulator X
‘.and place the result in N (or in X)

Two addresses are involved in this type of instruction and a com-

?‘fputer capable of this sort of work is called 8 two address machlne. .

~ The I.C.T. Orion computer is an example of a three address machlne

ff~Tand is capable of instructions of the type:
add the content of N to the content of X and place the result in Y.

/“Clearly there‘arelmoré steps involved in performing instructions ini;

& two or three address machine and as a result of this, central control‘1[

- is much more bomplex: so much so, that in the cases of both the compdter§‘
just mentioned, a progrem called the microprogram is used fovguide»éentral 
control %hrough the operational sequences necessary for each instruction; 
 :The ‘microprogram is not a program kept in the computer ] store, but 1s1:ﬁ

made up of a complex series of 10310 elements.

: The main advantage of mult:ple address machines is that programmers f~”775*ﬁ
are saved much of the tedious work involved in shlftlng operands 1n and '

out of the arlthmetle unit.

1.9 Forms of storage

’1.9.1.* General

It has slready been shown in section 1.4 how information cah,be heidfffi\

in & delay llne or on a series of bistables. This is a form of stofége. 
'There are several types of store in current use and these 1nelude delay

lines, varaous forms of magnetlc store, and bistables..
, 1.9.2 Delay‘lines

o Delay lines have been used as the central store in,some,serial '




" machines. In the Pegasus computer for instance, the central store

/"'con51sts of 6l one—word delgy 11nes, any one of which can be selected.

“fm«.Delay 11nes are exten31vely used as single word registers in serial
,‘,*,‘~computers. The content of a delay is lost when the computer is sthched
 @;'offa,

1¢9.3 Magnetic drums

Magngticidrum‘storage‘is guite cheap and is generally used as backingf 

;isforage to a main store. If a program is too large for a computer's maln -

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

i ['maln_store in sections as requlred. The drum is coaied-wmth a magnetlc

f‘ g‘material and rotates-at high speed (2000 = 6000 rep.m). Stationary heads,:];’,{

fa81m11ar in prlnclple to those in a tape recorder, are located one or

fftwo thousandths of an inch from the drum's surface. Each of these heads;ig\f

Tfiwhibh can be selected éiectronically, cover a .small slice of the drume

- This slice is called a tracke

Each trgék is divided into sectors each of which hold several
 words and special tracks permanently recorded on a drum's surface tell
 the computer which sector of a drum is under a head at any particular

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

- from addressable sectors on a drum's surfacee Information fed to a head :

' “f results in magnetlsatlon of the drum surface and this can only be removed

' 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 4 or 1 inch wide by 2,000 to

4,000 feet long. Sixteénvrecofding,or replay heads can be accomodated
' -across a 1 inch tape, some béing used for recording or playing back data fV

_,andisome,for“purPOSes of control.

5 A tape mayjbé‘dividéd‘longitudinally into blocks, and in order that
“,any,partipular'ﬁlqck may be located, each block is preceeded by some sort
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"; of markere Spe01flc blocks may be found by oountlng markers from the
f;beglnnlng of a tape, and some systems improve on this method by pre» o
i ceedlng each block with an address, the blocks belng addressed conaegj

_]Autively from the beginning of a tape

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

\ffJQf“the most important storage mediums in use at the present tiﬁé°
 1.9.5 The disc file
; roéating diécs mounted s few inches apart on a common drive:shaft, a

7;much'1arger surface area is obtained and henCe'more storage spaces

Each disc has flylng heads mounted near to both of its faces, and

"these heads can move radlally under the control of a serVmeeohanlsm.,

g The”ﬂisc is addressed in much the same way as a drums but ip 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 a@dres;ed..

An. example -of & disc file is the one produced by Data Products, ’
7*?' It has up to four disc units each with up to 16 disés. Each disc has

8Vh§ads which can be moved collectively to any of 64 positions. The

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

‘1_by a 17 blt record 1dent1f10au10no

e Each dlso unlt has, in addltlon to its 16 data dlSC%, two control
‘f$yd1808 which oontaln permanently recorded sector address 1nformatlon and
:;a quok for writing and control purposess :

- o In order to locate a sector (or record) on the file, the f0110w1ng
:f'21-b1t address must be supplledn ' ‘

 The disc is similar in principle to a drum, but by uSing'severaI\2’ ‘

 disc has 256 tracks on each surface (4 heads x 64 positions on both. topaby‘

2 3'81de and underside), the outer 128 tracks being divided into 16 sectors .

. sectors ( the inner zone). A sector contalns 1446 bits Of data preceeded'




read next ‘head (8)Lahd - | head - (61) disc (1?)jend
unit (4

o

~p§r1t¥*4“tsector | sector (16 or 8) | position

1 .9.6‘ Bistebiss

. These are used exten51vely as small stores in serlal ‘and parallel

*’machlnes. ‘They are more expensive than delay lines, one blStable being

- required per bit. They do however have a very fast aooess tlme, eomparedf][?f‘

~'.e‘;ww1th delay lines,

1.947 The magnetic core store L
}1 fé):"General;

' Magnetic core stores are used sy T, modern oomputers Wlth

1arge central storese Each bit 1s stored 1n terms of the two

‘ remanent states of magnetlsatlon of a square B/H characterlstlc j}!,}g,

‘ magnetlc tor01d or core.\

= b)i”‘Cofes'

’1 A toroid or core may be maénetised in either direotion‘by
;‘ep3331ng ourrent through a. w1re threadea through the core as i : E!?
‘”flllustrated in Dlagram 5e The B/H charaeterlstlo of the mat-

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

. The two states‘of‘remenanOe of a core are afbitfarily iabelledk;f
the "0" and "1" states. A magnetlslng current of Im- or =-Im

“i:;w111 switch the core to the "O" or. "1" state respectlvely, but

k lesser currents such as Im/z will have no effeot because thqy
l,do not produce sufflclent magnetlslng force to overeome the ~‘
'!’ooerclv1ty of the material., The importance of thls oharaoter—f?~.

uflstlo of the material w111 become apparent in' the ‘next sectlon.

¢ oQ)’, Addreseing‘andfreadingvoores 'w

~If a number of cores are arranged in a matrix as shown in




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

 f?@)f

‘diagram 7 with X and Y wires threaded through them, any

particular core may be selected by addressing the two

“appropriate X and Y'wiréS« The wirés,may be selected byw
~decoding binary addresses appliad to the store selection ‘

\velectronicse

Current pulses of Im/2 simulteneously 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 previouély’f”’

in the "1" state, the flux will change direction. If however fil:ﬁ1 ?p

it was already in the "O" state, there will be only a slight' :

change in fluxe. A third wire called the read w1re is threaded

:‘ithrough evety core in the matrix and a voltage is 1nduced in ;,gi», h

~ this wire when " is read from any address (X, Y 1ntersectlon)‘j :G

1n the matrlxa

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 1nsufflclenti g

. to change the remanent state of the material.

+ In order to store an n-bit word, n suoh matrices are réquired
 'W1th their respective X and Y drlve wires connected in serles.

‘Bach such plane has one read wire.

Regénerating 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 "O" 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 1mmed1atelyu ‘For this reason the read cycle is

- followed by a regenerate qycle,

’[Regeneratlng a Wqu

During the regenerate chle'fhe selected X;and1ffdriﬁé wires




have a reverse current of -Im/2 applied to them, The cores
~at their intersection thus have a mdgnetlslng current of -Tm

“hhch is sufficient to return them to thelr nwqn condmtlonoy
f) Regenerating a "O"

In order to prevent the reVefse current of ~-In/2 affecting

cores which were read as "0"35 all ﬁhe coreo in each plane oo
are threaded with a fourth w1re called the lnhlblt Wlfea’ Ii'
a "O" was read, a current of Im/z iy applled to the 1nh1b1t'

wire coincident with the wrlte cycle X;Y drlve ourrenﬁso The

total magnetising current llnklng w1th the seleeted cor
‘then -Tm/2 -Im/2 +Im/2 = »Iq/Zo Thls is 1nsufflclent to sn1toh

the core from the "ON'CQndltlQno

g) Writing to avcore'storé

- A write is always preceded by a read, the read era51ng the‘

store address's previous content’by~f1111ng;1t‘w1th nous of'Theglf,‘

technlque of wrltlng in 1nforma(1oiifwk51m:1ar to that of re‘, f o
generatlng, the dlfference belng that the 1nputs applmed
the inhibit wires are derived from the 1nformatlon to be wrntten

rather than from that just read from SuOPEo

A section of a plane of a core store matrlx 1s shown in Dlagram,

8 complete with all necessary drlveg read, and 1nh1b1t w1rese

129.8 Speed and capacity of different}forms bf Stgr&ge;”7!T

It would be ideal to have the whole of a oomputer s store as fast
as possible. Unfortunately, fast high capaclty stores are very expen31veo
- A cominon oompromlse is a several thousand word core store backed by a u,,‘af
drum store. On calling for 1nformatlon 1n31de a store, the +0cat10n of
the information must be specified. The tlme Whlch elapseo‘befween sel-
ecting a store location (address) and the information being avallable 1s';'
called the access time. In the case of a drum for exampleg the average :

access time is the time taken fcr the drum to turn through half a revolwf"




ution. This is normally still several millisecohds;e 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 aceess
and it is better to transfer whole blocks of consecutlvely addressed in~
formatlon than randomly located words to or from a drum storeo Thls

applles equally to magnetic tape, deley llnes, etco,
The. table in Diagram 9 assunds words. 24.'bit‘s in Iemgth but it mist

be emphasised that the times are not veny accurate, and are only provmded =

- for comparision.

1910 The wordform of a numberm

1.1061 General.

Up to now it ‘has been assumed that numbers are represented in a'
computer by their true values. This is true only 1n pert and some
convention must be arrived at whereby the sign of a number can be repres—
ented9 and. whereby fractional values can be represented. ' = ‘

Tt is. important that the sign of a number can be tested ea31ly as
in many processes of arithmetic, 51gn plays an 1mportant role in indicating

When a process has finished or when a change of tactlcs is requlred

A convention has been arrived at Whereby‘fhe'most'significant digit
15 used as a sign bit, its presence or absence 1ndlcat1ng whether a number
is negative or positive respectlvely« A negatlve rumber could be repre-
sented merely by adding a sign bit to a p031t1ve number, but it is pre» V
ferable to represent it by taklng the complement of its p031t1ve counterm'
parte 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 adder

and a subtrao’coro

Working inside a six bit framework'the"demplememf?5fetheebina€y‘
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number 0 01 1 1 0 is:

000000

001110 -

110010

Rememberlng that the most 81gn1f1cant bit is a sign bit and hanVj,{fl]“oq

a negative value.

i

001110 —0+0+8+4+2+0 = +1 4

cand 110010 ~32 + 16 + 0 + O’% 2+0= =14 )

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

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

1.10.2  As a‘Signed integero

The word is looked upon as having a binary point immediately to

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

" example, the values of its bits are:

B5 - | B4 | B3 | B2 Bl | BO

5

-2 ki B fiid gl g e 2°f

Q__ blnaxy .

It has already been shown that a number A is represented as a neW»:17
ative number by its complementn Another way to arrmve at the complement, :

of a blnany number 15 to 1nvert it and add one,‘

For example: , o ;
take 14 001110

invert it 110001
add one ,; g

answer 1s~~14 1 100 1 0 ,;
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Thls is very useful because 1t presents an easy way of formlng thef:
complement of a number by electronic means. '

1410s3 As a signed fraction.
The word is looked upon as having a binary point between the most
and second most signifioant”plecee; The most significant digit when

) preeent‘has the value - 1

- Agaln taking a six bit word as an example the veluee of 1ts blts
are°‘ an

5 | B4 | B3 | B2 | B | BO

20 | 2! . 273 | ok | 270
1L~u~ﬁ-—-binany point

i

i
-
T

S0 1.10010

i . “1

Tz tig
{ =__2 
T

' : IIERETE

and 0. 01110 = +% +fal
, g
i

The negative fractlon is known as the 2s complement because it is
" the complement of the p051t1ve frectlon with respeot to 20 As with
1ntegers the. complement may be arrived at 31mply by 1nvert1ng and addlng
‘thls tlme, _the smallest p0331b1e fractlon to dife

‘eiExample; , ;
y : < : i
: Take ic Ve, 0«0 1 1 1 0
vinvert - %59 o9 O 0 O 1

add smallest fraction 0 « 0.0 0 0 1

- gives - ﬁé S 1,Q‘1 0010

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

With integrél and fradtional representations, the range of numbers
‘ that can be represented given an n bit-word is: ;

-~2mm1 € integer < +2nm1

and  ~1.0 ¢ 'fracﬁion & +1.0

' Taking a 2L bit word as an example, the decimal range that can be ;i3”
covere&,is.107 to 10“7Q ~In some problems, especially those of a '
~ technical nature, numbers vastly different in magnlﬁude are present.
Such numbers cannot always be kept in the range made available by normal ;ff

repreoenﬁatlons and so "floatlng p01nt" rotatlon is usedq‘

It is common practice to scale down large numbers by multlplylng

them by powers of 10. TFor instance, rather than wrlte 1 250 OOO OOO OOO

we write 1025 x 1012

A smmllar technlque may be employed inside a computer, powers of
2 being used in place of powers of 10. '
A number Y is represented as:~
Y = R2® where R is the argument

e is the expoﬁent

Such a number is represented 1nterna11y as R and & the 2 belng  , 1

*undersﬁoodﬁ = S

The &Tgument is stored as a 51gned fra,cﬁlons but lles in the remr‘{*" 
stricted renge:- : ' '
=~ 1.0 ¢ Argument < - %ﬁ

and L g Argument < 1.0 - .

It can also be zerce

The exponent is stored as a sigﬁed integer. Quite a small exponent ”jffg5

gives an enormous range of numbers. For example, a nine bit exponent -
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~256

gives numbers ranging from 2

-76 to 40 76

to 2 55, or more familiarly, approx-

Cimately 10
In binary the argument lies in the ranges:

0410000 = = = ~ 100 to 0.111 = = = 11 ( Z to approx.1)
and 1,000 =~~~ 00 to 1.0111 - - 11 (-1 to approx.-i)

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

'most significant bit unequala A number with this characteristic is

referred to as a standard number. A computer with’facilities‘for floatf_; e

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

numbers to this standard form prior to any floating‘point‘operatiOns,’ iL71 },“"*'f”

Also at the end of any arithmetic operatlon, the argument is shifted
to bring it inside the range of standard numbers, the exponent belng L
adjusted accordingly. ‘This standardlsatlon of argument and automatlo

adgustment of exponent is called normallslnga

For an example of normalising,'if the answer to an afithmetiﬁszfk"“"

operation prior to normalising is:=

0.0000010110 = = = = 000 001000000 (25
The ﬁarmalising process changes it to
0.10110000 = = = = 000  ooo111011 (25479
Similarly with a negative number- »
1.1111101100 - - - = 000 . 001000000 *(2°%)"
~--000  oootit011 (2% - %)

becomes 1.01100 -

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

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

digits as possible are retained inside the framewoﬁk'of,thé number,

As a standard argument takes the form 1.0 - = = 0r Q.1 - =~ = =
it is an easy matter for the normallslng process to shift a non-standard :
‘argument until the most and- second most 31gn1flcant dlglts present the

correct oonflguratlon for a standard numbere . i
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~1.11 Input to a computer

el Bootstrapi

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

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

On first switching on a computer hoWever, its store may be oompletely,;ffjp;
empty (or full of rubbish which amounts to the same thlng) and as. an

input device ‘may only be aotlvated by programmed 1nstruot10n, there must

be some way of getting a 51mple program 1nto the store Whlch can control

the 1nputt1ng of further information.

o 'This simple program is often called a bootstrap and the’way iﬁ ;jf~‘
’:~7‘ which it is entered into a computer varies with different computerserwﬁ”’
For example, on the I.C.T. 1900 there are two switches Whlch when :

: "0perated, cause control waveforms to be set up 1n51de the computer Whlch
| :;imake a paper tape reader read in 128 characters off a paper tape oontalnlng

g bootstrap routine, into the first 32 lines of - the storeo

This action is controlled by the computer's logzx:and requlres no

. : ‘*,k' : : guldance from prev1ously stored instructions.

1e11.2 Punched paper tape as an input medium.

} i~ S e o In order to demonstrate how 1nstructlons and data are put 1nto a

computer, the use of paper tape will be discussed.

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:fs“=:7l
~ across the width of the tape, the more'eharacters‘may:be represented,“
'l 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
oon51sts of an electric typewriter, a paper tape punch and a paper tape -
. reader all of whloh are :Lnterconnected° Information typed out can,be
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simultaneously punched out on paper tape in standard I.S.0./A.S. A,
seven bit code. The eight hole is used for parlty checklng whlcn will

. be dlscussed 1ater.~

~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 w1ll be recalled that an instruction is made up of a functlon

part and one. or more address parts and in Grder to prepare a program on

w0 paper tape, a series of 1nstruot10ns is typed ou“to For example, 1f a;17;~3ﬁ

programmer w1shes to carry out an 1nstruct10n of the type transfer

the content of line 562 (modlfled by the content of accumulator ? ) plus }Af

l the content of accumulator 4 to accumulator 4, he mlght type out the ‘
follow1ng ‘ : -

‘_OOde‘ 4 2 562

: whefe 001 is assumed to be the Pfunction code for the particuléf instruthﬂ3:f?

ion;“

o0 the paper tape the follow1ng charaeters would appear in sequence e E i

in coded forme.

Carriage Return
A New Line A
Tabulafe '
iy _ ;
0
) |
i Pabulate’ T
w |
Tabulate
) .
 Tabulate
g
£k
2
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It will be apprecisted while the characters on the tape are
representative of decimal numbefsﬂ the computer deals only in binary
k“quantitiesc In order %o conver% the decimal input into instructions
and binary datas there has to be an assembler progrzm inside the

‘oomputer and this is deSLgned to read in tape, recognise the various

 fcharacters and act accordingly. For example, the carriage return/new

line tells the assembler program that the previously read instruction

'{:f;is fully read in, and that the information following these characters

'éi§'ﬁo be read into the next store location as the next instruction

’:7‘ in the program.

The numbers on the typewriter keyboard have a direct relationship

' ﬂto the value of the binary Qoued punch tape character and the numbers

’}7\ 0 to 9 are puncned out as shown in Dlagrdm 10,

: Iegnoring bits P and L, it can be sesn that the binary value punched |
,,0n tape is always 48 greater than the value of the number represented. ’
e simple to remove this extra 48, but the number is still not in the
&  correct form. Taking the address part of the instruetion as an examplég
it can be seen that the Gomputér will read in binary 5, binary 6 and
bihary 2, It wants binazy 562. The assemblerprogram carries out’a
radix conversion on the binary coded decimal rumber in the following

manner,

Take 101 (5) e 40

Multiply it by 1010 (1oﬂo) = 110010 (50i0)
Store answer in X S S 110010 to X
Take 110 (610) | - 110

Add it to the comtent of X 1100«0+410 = 111000(56, )
Replace content of X by 111000 N ‘(11ﬂOOO to X
Multiply content of X by 1010 4010,111000 - 1000110000(560ﬂ0)
Replace confent‘of X by TOOO??OOOO 441000110000 to X
Take 010 (210, ‘ o 010

Add it to the content of X 1000110000+010
Replace content of X by 10000110010
Answer is in X (i.e. 562 in binary).

H

1000110010 (562ﬁ0)
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The different parts of the instructions are formed by the assemblér-"
program into a complete instruction in binary form and this is placed
into the store address selected by control., The control startingwaddressf
is initially set up‘by informstion punched out at the front end of the

paper tape.
P &L bits

P is for parity. With eight hole tape, it is 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 g

character the tape reader "parity fails", indicating invalid information.

As the most common fault in tape puhching and feading devices is the
dropping or gaining of one hole froma,oharacter, parity ié;a very

powerful check of validitya.

L is for location. The location hole informs the tape reader when A

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
doﬁn 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, punched paper tape and magnetic ta@é, but o
in addition to these there are devices which print the finished result
directly on paper. Output prinﬁers exist‘in various forms. The simplest
is the electric typewriter and this is normally used to mohitor’the |
progress of a computation rather than print out the results. A pfogfam-i‘
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.

1122 @ine printers

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 60 char-

acters embossed araﬁnd 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;“‘ff 

between the paper and the print wheels is a sheet of inked‘materialgy

. and as the print wheels rotate, first any A's in the line and then aqy  ;fg_r

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

The paper is then moved and the next line is printe&9 speeds of up ,: f

to 1200 lines per minute being obtaineds

1.1243 Xeronic printers

At the centre of the Xeronic system is a revolving selenium coatgd :
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 CeR.T. are focussed onto the drum,
&issiﬁabing the charge where the light falls.

c) Charged powder dusted onto the drum and being repelled by
the charged drum, sticks oniy on the discharged characterse

d) The printing paper, moving at the surface speed of the
drum, is brought into contact énd the powder character
transferred from drum to paper by applying a further charge.

e). The powder image is fused onto the vaper by heating. '

) The drum is dusted’ off prior to recyclings
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1+13 Internal checking of information sccuracy.

- The value of an operand or address moving around or stored in a
computer can change due to temporary or permanent fault conditionse
In order to limit the possibility of a computer "making a mistake"

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

" the computer;

A very likely fault in a compuber is for a digit to be lost or

gained. It has already been pointed out how the parity of 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 is written

into store its parity is calculated, end 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 aut@maticalxy 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 form
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 fape, a similar
‘check-sum is formed and compéred with the eheckmsum.aﬁ the»end of the

’block of informationo If all is well the check-sums are identicale
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‘“; veny much’ tlme belng spent in computlnge

: fdev1ces will rune.

CHAPTER 2

THE DISADVANTAGES OF A STNPLE GOMPUTER

~ 2¢1 Peripheral speed limitations

The nature of some computing problems leads to a lot of tlme;:’Wf"ﬁ

‘belng spent in gettlng 1nformatlen 1nto and out of a computer and not /uei

- The list below shows the speed at whlch some modern perlpheral

_ Line primter ' ' approximately 2000 characters/second
‘ ,g'Punohed cards (reading«ﬁu';~fu; "lxuv‘; 'Téaof;4j>,
| ;;(Punohingjf e T R oB g

 Paper tape (readlng AT e T 000 s

e - Ctiionag B e S L o
" Megnetic tape (reading ‘ " 64000

(writing n 64000
Teleprinter n 10 Towi e

Some of these are very fast but a modern computer 1s several orders  -

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

- 100,000 operations per secondo If a computer can read in a paper tape

character in 10ps and then has to wait for 1ms before another charaeter e

is in position to be read, it is only using 1% of its tlme usefully, a '
computer which is slowed down in this way is sald to be perlpheral

11m1teda Paper tape punches are slower than tape readerss and the tlme fff

wasted on paper tape output is even greater than on 1nputo T

One way to;utilise the computer' s time more efficiently;is7to‘have7u

. faster peripherals (input/butput devices)a Magnetic;tapefhasjthe same
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speed on writing as on reading and transféf’rates of the order of 1

character every 15us can be realised with‘% inch tapeo

It is common with maghetic.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 strlpes each cqntaln six_information bits and four such stripes are
assembled into a four character, 24 bit word prior to being tfansferred
to the computer. Using this féchniqﬁe, in the case of the 1900 range ;
magnetlc tape can transmit or recelve a word every 60us. Even at this
high speed however, 80 to 907 of the computer's time can be wasted whllst

involved in Anput or output of datac

Magnetlc tape is more sultable as a store than as the sole 1nput/
output medium of a- computer, Paper tape is a good medium on which to
‘prepare ‘programs and datat It is cheap, and the characters are v131b1e,
being ea311y rectlfled by hand. A converter would have to be used to
transfer the information from such a paper tape Qnto'magnetic tape, and
unleés'there were several of thése,AtheAconverters themselvés would be-
-‘comg bottienécks. Such a converter having computer complexity“is,veny

expensivea

2&2 Improvement due to autonomous transfers

A ‘Some_of the time wasted due to the slowness of peripheralidevices
. can'be avoided by arranging for transfers:to take place autonomouslye.

This technique is outlined belowe

- Suppose that a programmer requires a transfer of a word from‘per-
ipheral X to a specific store arecaas Associated with eéch peripheral is .
a Specialystore and into peripheral X's sﬁecial store is placed inform-
ation defining the: store area to be‘involvedviﬁ the transfer. This may’
"take the form of a startlng address and the number of words to be trans-

, ferred, or a starting and flnlshlng addressn *
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Having set up thesé 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 oomputer Which causes it to hesitate at some suitable point, and

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

store at thlskalnta The transfer between the main store and perlpheral

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 trané

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

If, at the’completion of the word or’éharacter transfer, no other

L peripherals are seeking attention,'the coﬁputer‘then carries on with its

”3,computat10ns until such time as aqypermpheral is ready for a further

"”transfer of 1nformatlonn If however the camputer runs out of 1nstructlons;
it can usefully perform before a transfer is completed, time is Sylll;

wasted.

| ideally9 when a system is designed for éutonomous transfers, the

i 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 cemplex than

: usual and contaln the foliow1ng adﬁltlonal Ltems*

1)  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,

2) “eircults to modify the transfer address after each transfer
‘ and to detect when the requlred number of words have been

o 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
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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 rﬁqulred

‘to transfer a word or character to or from a per1phera1 and. may 1nvolve

temyorary removal of operands from the central processor whilst the
transfer address is bemng modified. This technique is used in the 1900
range of computers and, as the central processor is veny fast, little

computing time is lost.

If a program requires access to a storefarea which is current1y"
involved in a peripheral transfer, the program must ‘be suspended untll
the transfer is completed. This can be done elther by hav1ng the oomputer e
check the store transfer area of each buay perlpheral every tlme an aocess 'H
to store is made, or by issuing an order of ‘the type “suspen& the programyi,;f,ﬂfu
if peripheral X is busy". This type of order would stop the program :1gf~v~

runnnng until the perlpheral involved had filled up the transfer areao i

The first method involves considerable addition@l hardware bUt’no ,;,A‘
action on the part of the programmers The second method réquireS’that""
the programmer is conotantly aware of the store 1ocat10ns of any actlve

per1pheral transfers which he must guard agalnst dlsturblnge g

Most programs gain some advantage from autonomous tfahsfefs, ot a
program with a lot of 1npuﬁ/output, using a few perlpherals and not veny
much computing, can still render such a computer 1d1e for much of 1ts :ﬁ

operating time.

In order to utlllse a computer s time as fully as p0381ble the tech~"
nique of time sharing has been evolvedo The 1&ea behlnd thls and the

additional problems resulting from its use are dlscussed in the nexﬁ cha@»;V~-~‘

ter.
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CHAPTER 3

- TIME SHARING

3,1 Principles of time sharing

The central and backing store of a computer designed to work in
time sharing may contain information relevant to several entirely un-

- connected programs,

Such a oomputer is designed so that immediately it comes to an
"incident® it switches into a permanently resident organising programe,: ’ﬁf
- This program determines what type of incident has oocurred and then :

‘_1takes appropriate action.

An example of an 1n01dent is the 1n1tlatlon of a perlpheral transferaofgfoyfgj

~When a program arrlves at a point where it requlres a transfer of 1nform~ ‘?'"

~ation between a peripheral and the computer, the program is 1nterru0ted
and the organising program entered. This program arranges for the pere
ipheral to transfer the information.and-ﬁhep‘asoertains whether the
original progfam can proceed. If it cannot, because it is awaiting the

erd of the transfer, the organising program makes the computer proceedo[ i

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

gram priority system, and in the above case, the organising p;pgram'WQuldffj e

~enter the highest priority alternative program available.

The ideal situation with a timo sharing compuber is that‘both the‘
peripherals and the central computer are cccupied all the time. The

actual situation is usually either

1)  that various peripherals are standing waiting because further"J*,

input is not yet required or further output is hot‘yet‘availe

able, the central computer being fully occupied;

or 2)  that all engaged perlphorals are working on transferss and all uf

programs are held up awaltlng the compleulon of same, the b
central computer belng idle in between autonomous 1nformat*on fxs
‘trdnsfersa :
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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

%o the type of programs loaded into a computar at any one time. Their  ,fﬂ‘ s

 relative priorities-are important, it being preferable to give'high

prlorlty to programs involved in many perlpherals transfers and low

‘prlorlty to those involved in few. With this arrangement the perlpherals’;  §f

are kept very busy and, if the higher prnor&ty programs are held up

4‘ awaltlng transfer, lower priority programs requiring few transfers w111

keep the central computer busy.

A smmpllfled tlmlng dlagram of a compu*er executing three programs,?f‘

in time sharing is shown in Dlagxam 11. The programs are arranged 1n
order of priority P1, P2, and P3, and the genaral rules of time sharlng
m&y be gathered by following through the sequence of eventse

302 Additional facilities required with a time sharing computer

 Various extras are required in s time sharing computer. These are;[;a

a>".'a largef.store than a non-time-sharing machine to
k accommodate the extra programs;
"  b) facilities to ensure that one program cannot interfere ' 
with another;
) facilities for addressing peripheral devices in order

that a program may have specific permpherals aliocated

to alr by the organlslng program;

d)  a supervisory program to carry out time sharing, organisation

and monitoring of programs;
e) a hesitation system to allow transfer of information;

£) facilities for adding a datum to all a‘ddres"ses' in a program

l in order that a program may'beilgcated‘anyWherefin‘the store,

 3/2'




The way in which some of these facilities are realised varies from
machine to machine. How they are realised in the 1900 range of computers

is explained in the following chapters.

e - . - “

the datum being allocated by the organising program. on

input of a program;

o

facilities to ensure that no access is made to a store
area invelved in peripheral transfer until the transfer

1s compieteds

.
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CHAPTER 4

GENERAL INTRODUCTION TO THE TI.CeTs 1904, 5, and 9.

Le1 The 1900 series

The 1900 series is comprised of a range of 7 computers each of
which has been developed from the parent cdmputer;fthe*IacoT; 1900,
The cémputers in the series rdnge’from a single program machine with
a minimum store size of 4K wor&s (where‘Ki=71,024)'up to a 16-program
machine with a maximum store siée off256K wordse vAILthe,pe:ipherals :
and program 1anguages used in’the range‘aré compatible so that any
partlcular lnstallatlon may be expanded when ‘necessary, either 1n terms

of a more powerful central processor or addltlonal perlpheral equlpment.’

Every computer in the series can work‘in bbth'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

speedg.

The range uses the I.C.T. standard iﬁterfaoe,which allows standard
interface peripherals to be éasily connected to any computer in the
series by é standard 76-W&y conhectoru~~With a minority~of peripherals
standard interface control cannot or ‘need not be used and specilal per—

1phera1 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 avallable f£or use with mention of the type of

interface over which it worksu

Some of the attrlbuﬁes of the varlous models 1n the series are summ-
arised 1n the followinD~ tablea It w111 be seen that the 1904, 5 and 9

fall 1nt0 a distinet sub-group within the range and it is these three

1
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' models that are’discussed>collectivexy in this handbook.

Series number 1902 | 1903 | 1904 [1905 |1906 [1907 |1909
Store : 1e1 1.1 g
speed (us) 6 2 2 2 gfé 2?;

Store (K‘Words)(ﬁA; qui 4,8 | 8,16 8,16 | n.32 |n.32 | 16

. or or Loy - Joor up to |up to | or
CBPAOILT . itilggial G i a0 g | 256 |i286 [vaan
Number of programs 1 | 1 | lLeach| Leach|16each|16each|leach

with | with with| with | with | with | with

B sub-programs‘v 2 sub| 2 sub | 2 sub| 2 sub| 3 sub| 3 sub| 2 sub

Floating'point

|1 no | no | no yes no | yes yes
unit Ly V o ; :
Inpuﬁ/output’slow,fy‘ 8v‘  8“h~l 18 18 18 48 |7 48
.channels fast . N 5 5 any | any 5

4.2 The 1900, 1904, 1905, and 1909 - general

The 1900/#/5/9 compﬂters‘represent the medium sized machines in the
1900 range. Each is a hrprogram‘maohine'capablefof'both scilentific and
commercial applications, the 1905 and 9‘being'preferab1e where much scien-

tific work is to be‘undertakén,v,, -

The computers are fully parallél machines with a clock rate of 1 me/s.
Internal wopking‘is in binary and the Zhrbit word may be used as an
inst}uction, a signed integer or fractiong fdur 6~bit alpha numeric
characters, or a counter mod1f1er.1 Two or more words may be used to-

gether for greater accuracy, and double langth floatlng point numbers may
 be represented w1th a 9~b1t exponent and a 38-b1t argumentcf,
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The basic computers are arranged as in the plan view below, and“

each cabinet is approximately 5 feet x L4 feet x 3 feet deep.

SR ; t;gjﬁjjg

power core —
supplies store - | | door 2 A_J
. door 3 1
;;;:gﬂéenﬂineer‘s panel | f door 4 |
| o . | | -
” *faddéd for greater : basie¢ machine with | peripheral
~ than 16K stdre, extra either floating ' i controls
- power supplies, or point or a few
l, extra monitoring ' peripheral controla

. The power supplies are rack mounted and, in the basic machlne,
‘ con31st of 5 racks of equipment providing a.c. control and the neceasany

 dsca supplies. The power supply racks argé easily removed for serV1c1ng.u ,' -

The core store which is a self contained unit with its own;power‘7‘

supplies and read write electronics is alsohreadily accessible,

As a result of differing peripheral and floating point requlrements,'7
the disposition of the sections of the computer varies from machine to ; '
' machlne. The central processor is usually contained in doors 1 and 2,
kand part of door 3; and in the 1905 and 9, and those 1900s fltted w1th ’
floating point unlts, floatlng units are contamned 1n door 4 and the f‘ S
rest of door 3n ’

Hence the basic computer, with er without floating point, is - contalned‘  .

in only 2 cabinets. As the 1900/%/3/9 computers are multlprogram machlnes,

-~ a fair number of peripherals is required, and practicable installations

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

" necessary to contain the extra logic involved.

Door pairs are hlnged back to back as 1nd10ated in the plan view of |
the mach1ne~ this method of construction makes the back wiring partlcularly
' accessible, The doors each contain 7 card flles gach of which has
positions’for 38 plug-in cards. Thesse cards contaln the clrcult elements

that make up the computer 8 loglcc
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 The computers use solid state devices throughout and the main
lbgic comprises NOR elements and bistables which fit, six and two

respectively, to a card.

Lo Organisation of programs and peripherals

A program called Executive permenently occupies the flrst few

thousand store lines (its size varies thh the size of the installation) G

of each model and organises the work in the computers. The‘Executlve‘n“7' " .

- programs used at present allow the computers to time share betWéen'

‘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 (for g; f
1nstance, it may be awaiting the’ completmon of a perlpheral transfer)
Lf Executive is entered. Executlve scans the prlorlty 1lst and re—enters

the hlghest priority program avallableu

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

store reserved for it by Executlvey and each of these reservatlons 1s f,,j~ R

 defined by two addressesg the datum and limit. The first elght

addresses of each prograwm's store area are used as acoumulators, 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 ﬂfki‘

belng applled to the core. store. Both of these operatlons are

completely automatic. If, due to a miscalculation on the pa*t of the 3

programmer, a program refers to an address outside its Ieserved area,
a datum/llmlt failure occurs and Executive suspends. the offend;ggq
;program. ‘

g Complete 1nter~progr&m protection is thua ensured and each program

‘ may ‘be wrltten a8 though it were the only progr&m to run 1n “the computer.
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~ Executive also provides certain macro-instructions for the control
of programs and peripherals and, in the case of the 1904, for carrying

out floating point arithmetic.

The sequencing of machine orders and the trahsfer of data to and
from peripherals during hesitations is directed by a hardware prqgram

called the microprogram.

‘A large vériety of peripheral devices, both conventional and un- ,
‘conventional, may be added to the computers, meking the systems versaffk b 
 tile and adaptable to datawproce331ng, aclentlflc, and real tlme app- j;gg-&

‘llcatlons.

’   4oha Peripheral'transfers

When a program calls for a peripheral transfer, an 1nterrupt oceurs,.

 Executive is entered and the appropriate peripheral is activated. The - o

k ~~ computer then goes back to executing the program and the perlpheral

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

a peripheral is ready for a word or character transfer, it causes the:
?‘oentral'COmputer to heéitate over the program it is executing whilst the
i word or character is transferred between the peripheral and the core
store. Each hesitation takes up 6us of the central computer”s time

in the case of ﬁhe 1904 and 5, and 1éps in the case of the 1909. As

'"f~most peripherals do not work at anything like this rate, the computers

3‘:; can handle many peripherals and run programs concurrently. For example; 

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

= 0. 2% of the central computer‘s time and a magnetic tape reader about

0%,

When a peripheral transfer is completed, a further interrupt causes
another entry to Executive. Executive notes that the transfer’is 9om—

Vyfpleted and enfers~the‘highest priority program availables

It is nebessary;fﬁhen engaging in transfers, to ensure_ﬁhat the ’  f"
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program sonnented with the transfer is losked out from the transfer
area until “he transfer is completed. When a progrem has reached the

nd of she word 1% zan do before it requires access to sush a transfer

P

erea, the instruaticon “"suspend me if my unit X of type N is busy"
(whick Zs provicei in the function code) must be used. If the unit
referred to is ztill busy, Executive suspends the program and enters

%the highest vricrity alternative program available.

Exczpt in the case of very fast peripherals, each peripheral has
G control unit assceiated with it. Each type of fast peripheral,because
of its speed, may share one or more control units with others of its
ﬁype« The centrol units are addressable and are used to pass data and
wontrol infermation to and fro between peripherals and computer. In
additionAto‘the control unit, each peripheral has a core store word or
arsa associated with it and this is used to contain information about

tne transfer such as the starting address and word or character counts.

in ine case of a unbuffered broadside=fed card punch the same block
of 80 characters must be transferred from the computer to the card

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

To avoid the necessity for 12 separate transfer instructions the

special hesitation facility is provided, and this allows the necessary

repetitive: transfers to teke place as a result of only one card punch

instiuction. This facility is used with all urnbuffered peripherals
whicn require meiterated block transfers, and as with normal hesi-
is sontrolled by a section of the hesitation microprogram.

o5 Qpevator control

Each scomputer is normelly controlled from an elestric typewriter
vaich ensbies the operator to give instructions to Executive and vice-
versa. A large number of these instructlons are concerned with manual
astlov o weripheral equipment, but others concern progrem starting,
nonitoriug, priority changing, ete. In addition to its keyboard, the
trpewriter héa eight illuminated indicators and eight illuminated

puga button switches.




.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 50 on.

4.6 BEngineers' control

Engineers have much more comprehensive access to the computer v1a;'
the engineers’ panelo The contents of the various blstable reglsters :
and control bistables are displayed on the panel and there are
facilities for 1ngect1ng instructions and operands via handkeys, 31ngle

’shot working, and margin testing.
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CHAPTER 5

. PERTPHERALS AVAMLE FOR THE 190%/5/9

;'5‘1 Input devices

5¢1s1 The 1915 and 1916 paper tape readers

: The 1915 and 1916 paper tape readers can read data punched in
5,5 6, 7, or 8-track paper tape at up to 300 and 1000 characters per
~ second respectlvely. Characters are read from the tape by means of

k‘photc-electric'celle, and are transferred to the computer until either ;:

; the number. of characters called for has been transferred or, if spaclfledﬁfefcgﬂ‘&
'..1n the program, an end of block character is detected.. Accuracy is o
 ‘;checked by a parity bit and when a parity failure occurs, the reader .

"':f stops at the failing character and Executlve informs the operator, via

~the console typewriter. The type of perity (even or odd), coding of ,;,;,~“"
end of block characters, and the number of tracks are determined by :

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

The stendard code is the I.S.O. 8~track (7 data plus parity) 5°de’fﬁ'7;'i¢fl
‘f which is automatlcally translated into 1nternal 6-bit code by means of t'f; 7fj'ee
e‘hardware. Other codes must be trenslated by the use of aPProprlate SR

~ subroutines in the program,

The readers are designed for use over the standard interface but

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

5¢1s2 The I.C.T. 1911 card reader

‘ The 1911 card reader iefa_standard interface device and reads

'*standard, 80—c01umn'qards'at speeds of up to 900 cards per minute. The
stendard code is the I.C.T.. 64~character code which is automatically
converted into intermal 6-bit code by hardware. A card image feature ,

~may also beVspecified.which‘enablee the‘two-GQbit haivee of,each,12—bit-l
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column to be transferred 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 oapaciﬁy of 2 cards. On demand, a card
is immediately taken from the waiting station and end-fed throﬁghithe"'

reading station where it is read, column by column, by 12 photo—eleotrlc , 7f f

cells., Each column is read twice at the same atatmon for checklng

purposes, correctly read cards pa531ﬂg into the output stacker and

1ncorrectly read cards passmng into the h50mcard reaect stacker When ;‘j‘°f ,

a card is mis-read ExeoutIVe 1nforms the operator via the console,f.,,~,

N typewrlter.‘ When a car& leaves . the waiting statlon it 18 qulckly

‘2replace& by a further card from the hopper so that there is always at
‘least one card in the waiting statlon 1mmed1ataly avallable for

transport through the readlng statlono

5.1.3 The I.C.T. 1912 card readér ‘

The 1912 card reader is a standard interface deviée:ana reaas;fg

_ standard 80 - column cards at speedsfbf up to 300 cards per minute.

‘converted.¢nto 1nternal émblt code hy hardwars.

The capacity of both the input hopper and the output stacker is
2000 cards. The cards are end fled, one by one, from the hopper to the
two phote—elactrlc readlng statlons, one for readlng and the other for

s

,. standard code is the I.C.T. Gh~-character code whlch 1s automaulcallv 7

checking, and any mlsread cards are automatlcally dIverted to the 500;;  nii¥h;f?f7

card regect hoppera ‘The actlon for mlsaread cards is as wmth the 1911' j'

reader.

5.2 Qutput devices
k _5;2,1 UThe‘I.C;T. 1925 paper tape pﬁnch

? The»ﬂ925 paper:{apé punch is normally a;Stahdéri infeffade deviéeV"U""
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but some early models and all 1909 1nsta11at10ns w111 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 punchlng code is the I. S 0. 8-track code and
cdnversxon.from 1nternal,6“b1t code is done by hardware.. Other oodes
are dealt with by apprOPriate progrem sub-routines.

5202 The I.0.T. 1921 card punch

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

standard 80~column cards at speeds of up to 350 cards per mlnute.' Theihre‘\"' '

cards are punched in I.C. Ta‘64—character code, conver510n from the‘d,‘h"%

'computer s 1nternal 6~b1t code ‘being carrled out by hardware.

The capacity of the input hopper is 1000 cards and(that;of”the”~d
output stacker, 1250, The cards are sideways fed one by one, from the

'J:hopper to the'bunch‘station where they are held stationary while being

' punched. The punching is done by 960 knives (80 columns x 12-rewe)‘toh“‘

which information is fed one row at a time by means. of the specialy"
~hesitation facility. Inforumation accuracy is ensured'by cheokihgfthet"
~ the relevant punch knife interposers have operated, and‘miSQPunched -
‘cards are diverted into a reject stacker.. When a card is mls—punohed
an entry is made to Executive and Executive arranges for the data to

be repunched,on another card. Should persistent mis-punching occur’ 3

the punch is stopped and the operator is informed via the typewriter.e ;f;;ﬂ'

5.2 3 The I.6.T. 1920 card puneh

The 1920 card punch is a standard 1nterface device and punches
: standard 80-column cards at speeds of up to 100 cards per mlnuten. The
7‘cards are punched in I, C T, 64~character code, convers;on from theyl'

computer s internal code belng carried out by hardwaren
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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 punching station.
Information is presented to the punch by means bf the special hesitation
facility, and 1nformat10n 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 1921 card puhch.
, 5m2a4 The I,CﬂT. 1922 card punch

The 1922 card punch 15 a standard lnterface dev1ce and punches
standard 80-column cards at speeds of up to 33 cards per mlnuteg 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 endfed from the 450 card in?ut hopper to the punching
stations The punching is done by 12 knives which punch out ‘the |
information column by column. The accuracy of punching is checked by
'monltorlng the displacement of the punch knives, All 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 operatoru, Executlve arranges to have the same set of data  » .

transferred agaln when the punch is renengagedo; SR

A 5a2,5 The I.C.To 1933 line printer

The'1933 line printer is a'buffered printer which will 6péfaté‘k’" ..
at 1350 lines per minute when 48 consecutlve characters are 1n use
and ﬁ100 lines per mlnute when all 64 characters are in use, The~; 

~ printer is available in three forms:




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‘oharacters available are;

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

The parity of information is checked in the printer's stand-off

 61éctronics. A parity"failure causes a lozenge to be printed and an

‘ent:y to Executive which stops the printer, and 1nforms the. operator

1a the typewrlter,

~ Line spacing may'be'éet at either 6 or 8 lines to the inch by
“ the operator and fast throws, controlled by an 8—channel paper control;g

_hand, take place at 31 1nches per second.

‘VConversion from 6-bit internal computer code5intd‘printedfi7 

"“ﬂqharaoters is automatically performed by hardware..

52,6 The I.C.T. 1932 line printer

- The 1932 line printer operates at a speed of 600 lines per mlnute
\ and can be supplled in buffered or unbuffered form, the special

hesitations facility being used in the latter case. Line widths of‘

“;elther 96 or 120 print positions are available with lateral spa01ng af‘ 

10 characters per inch and vertical spacing of 6 l;nes‘per inch,
~ In other respects the printer is similar to the‘1933'model;ik?' 

5.2;7 The I.C.T. 1951 1in3'printer '

’ The 1931 printer is the same ag the 1932 except that the speed
, is 300 lines per m:.nutee B
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503‘ File storage equipment
5.3.4 The I.C.T. 1953 exchageablé disc store. ;?:'}'

The I.C.T. 1953 exchangeable disc store consmsts of anexchangeable
disc cartrldge, 8 transport thh a disc drlve mechanlsm and heads, and
control logic for up to four transports. Control will be effected vias

the I.C.T. standard interface.

A;cartrldge provides storage space for 4. 03 x 106 characters ana f
contains 6 discs, both 31des of which are used. 24 heads, two per dlsc
surfacé, may be moved radlally, all at the same tlme to any of 1005 
positions over the discs' surfaces, provmdlng 200 tracks of data on
each sidé of each disc. Each disc surface is lelded 1nto 4 sectors
which lelde each track into 4 blocks of 420 characters. Thus, the

-cap301ty of a cartrldge is:

- 420 charapters X h.blooks x 200 bands x‘f?»SurfédeS 
= 4,03 x-106 characters R A

A seventh disc, the block code disc, generates 31gnals:“o 1nd10ate @3*
".the start and end of each blook and a block is the smallest addressable
area on a disc. A block is addressed in terms of the transport nuMb

the head ‘number, the head position, and the sector number.i7“

: The access time to the store is 75ms for head relocatlon plus o8
an average of 12,5ms ‘for disc rotatlonsg Once the heads are located'V‘.

randon . or sequent1al access oan be made to AD 320 characters

igs-

2l (heads) x,4 (blocks per head).x 420 (chéﬁ&dtersgﬁefﬁﬁl_ k}f

Datay which are storad serlally, can be read from or ertten to -
the file at the rate of 66,000 characters per second.. Informatlon 1s

checked by means. of a parlty bit after every four
writing operatlon'the parlty 1s ohecked by readlng b ,k durl’
rotatlon af’ the disc. This cheok is oarrled out‘b‘ the £11 s

) racters,
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cfor 31.5 x 106 characters and four such units,\proﬁiding storage fbr 1}
126 x 106 characters, may be controlled via one access control,  Thef.
o arrangement is shown in block form on Diagram 21. Random access may be;

Q;fma&e to'any’240-? character sector within the syStem.,

:;iflwhich are used., Associated with each disc are 8 heads, four per 51de,
"Jrg'whlch may be moved radlally all at the same time, to any of 6A
:’  ;pos1t1ons on the disecs' surface. This prov1des 256 tracks of data on‘“‘
" 3  each side of each disc. The outer 128 trauks are divided 1nto twenty
J'f j240acharacter sectors and- the inner ﬂ28 tracks into twelve Thus the

  ‘  capa01ty of a dlSC unit is:

 fj control .discs which hold sector addreﬂs information, and a ulock for ;

of the unit number. the disc number, the heaa number the head p031t10n

5  and the sector numberg’°

electronics and does not occupy the central computer. Any .error causes
an interrupt and Executive will try to rectify the situation., If /
suoceas;ve re~reads or re-writes do not clear the parlty, the operator

is informed via the typewriter.

Whenvit is necessary to load an alternative cartridge into the
transport unit, the drive is automatlcally dlsengaged and the heads

withdrawn until the neW'cartrldge is planed 1n position by the operator. ?

5.3.2 The I.C.T 1956 Data disc store

The I.C.T. 1956 data disc s+tore proVides storage, in®one unit .

A storage unlt contains s1xteen 31in  magnetic dlscs both 51des af

240 oharacters x (20 + 12)/2 sectors x 256 traoks X 32 surfanes -

3‘~5 X 106 characters

In addition to the sixteen data dlSCS there are two qmaller

reading and writing +1m1ng purposes. A sector is addressed in terms




k'~'ourrently stored on a dlsc file to their sector startlng addresses.~

'7J  A programmer need only quote his file's title end Executive w111 refer

o 5/8;  

The access time to the file is an average of 190ms for head -

positioning plus an average of 30 milliseconds for disc rotation, Once ‘ i
Vthe set of 8 heads associated with a disc is located and the beginning;f ’  ~@  §_i
‘of the addressed sector is under the read/write heads, data may be i b
passed between tﬁe computer and the file, to or from a number of .

consecutive sectors, at a rate of 80,000 and 48,000 characters’per,
: seéond‘for outer and inner track zones respeotively. If a block of -
consecutive sectors is spread over two discs .or two head p031t10ns,‘

Executive arranges for the new pa51t¢ons to be located.

Data accuracy is oheéked in the_same manner as with.the 1953

exchangeable disc file.

Areas of the disc file may be reserved for PTOgrams‘in much tﬁéf[*":'
REms TRE 26 89 areas of core store. Disc file reservatlons are e
controlled by Executive and result in the disc file being available tOj};77?"{7

any program runnlng 1n the computer. Relatlve addressing is used so ,“1” £'

that a programmer may address his file from zero, a- datum belng o :
'automatlcally allocated by Executive to any file recorded on the dlsc :
file., A list is available to Executive relatlng the tltles of flles

to this and use the sector starting address as a datum to add to the‘xg~-~Lf‘!,~’“”"

relative sector addresses quoted in this progrem. The flle namq/sector 1135;3757°1 

 address list may itself be stored on the disc file.

5.3.3 The I.C.T. 1958 magnetic card file

0mxmywﬁccmﬁfﬂ5uﬁiomﬁﬁ&s1or2rﬁm&wﬂﬁmﬁsmﬁd{fﬁfyffh,?¢g

~ each hold up to eight magazines. A magazine holds 256 magnetic‘cards\' e
i each of whlch is 4 Dby 16 inches and contalns 51xty four bands of

:Lnfoxmatlon. One such band consis ts of two 1300 character tracks Whlch

are simultaneously read from or written to by two magnetlo heads fUpfﬁf“”

to four magnetlc card file units may be controlled by one. magnetlc oard '

"flle control unit, On«llne capaclty is thus,




e capacity is virtually unllmlteda

: flle unit, retrleval unit, magazine number, and position therein. Whenf

. a transfer of information is required, the addressed card is extracted'*

 The card travels round with the drum and data are transferred to or
‘le from the card by means of a pair of magnetlc heads adJaoent to the
~ drum's surface. There are four such head pairs and they can ‘be moved

Vtogether, to any of sixteen p031t10ns, S0 accountlng for the 64 (4 X 16)
- the address, resulting in the '2600-character band being the smallest

B average, 525ms, and the data transfer rate is 80,000 dhuecters per

 second.

" to thébmagazine or recirculated round the drum. The head assembly may
- be rep031t10ned so that successive bands are transferred during
- successive revolutions of the drum and, if de31red,‘the entire content ﬁf

H”ij of a card may be transferred before returnlng it to 1ts maga21ne,'_ Sondn

’ti”bitn ‘When a parlty error oceurs an 1nterrupt causes entry to Execut1veg;ﬁ{f?'*i
~as usual and Executlve takes: sxmllar actlon to that taken W1th the

“ﬂexchangeable disc fllen’:f

A (flle unlt)x 2 (retrmeval unlt) X 8 (maga21nes) x 256 (cards)
X 6L (bends) x 2600 (characters) ~
= 2,730 x 106 characters

As card magazines may be . exchanged by the 0perator, off-line

Each card in a magnetic card file can be addressed in terms of 1ts;

from its magazine by its retrieval unit and passed to a rotatlng drum.

bands of data on a carda. The head pair and position also form part of

addressable area inside a card file. The access time to a card 13, on

When the card has passed round the drum it can be either réthrﬁed

Data are recorded as 6 —.bit serial charactere each with a4 parity .




| ~{‘~type can be controlled by a drum control.

o

" 5e3ek The I,C.T. 1962, 1963, and 1964 drum storage systems

The'drum‘store system provides a range of storage frcm'131 ;072
‘characters to 8,338,608 characters and, in all cases, direct access can
be made to individual 2L-bit words stored wm%hln the system. '

- Drums are attached to 1900 range gomputer via a &rum~control~aﬁd -

& standard interface channel, and up to four drums of any partlcular

Data are recorded magnetlcally in serlal form by the means of‘
"flxed “ead/wrlte heads and, for ehecklng purposes, a parlty bit is: .

lnserted after each 6-bit charaater,by the drum ccntrol‘unlt. e

‘The maln characteristics of the s%orage syatem are summarlsed 1n |

", the follow1ng table.

: Druﬁ  :   Nﬁmber of  Capacity of':ﬂf‘iAﬁeragéﬁ‘ w‘ Mékimﬁmk‘  :
- type tracks or heads single drum  ~  access tlme transfer . -
‘ ' ' (characters) (ms) Semnrate g e S
A ; ; e § _ (characters)ﬁ:(;{;lg
1962 128 : 131,072 0 | k'”;,'¢5o 000 -
1963 256 521,288 40 lfﬁfrw1oo,qgow
196h 52 2,097,152 n 2000 2100,000 0 o0

| 53,5 The I1.0,T. f974 magnetic tape system

 The 1974 magnetic tape system can read or Write to half inch;
7-track magnetic tape in even or bdd parity mode and, periding‘fﬁaﬁ“1 “““'" '}'
‘ 1nformat10n is written onto a tape at the approprlate packlng den51ty 2
the tape will be eompatlble w1th the other 1900 tape systems as Wel
‘with most 1nternat10nally used tape systems. Tapes are stored on~2400

foot spools.

Up to twelve decks may be connected to ayéompufer'andithey‘arei

connected via special control units situated atkfhe dompuﬁsr;f‘Eqéh:dégk,; L
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¥

has a unit control and the decks share up to three channel'controls
: glVlng simultaneity of operation to up to three tape decks at any one :
| ‘time, and access to.all decks over a period of .times Dlagram 20" shows e

“the arrengement in block form,

‘ The tape read/ﬁrite speed is 120 inches per secpnd, 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

 ,respective1y, Dedks are fitted with a switch to give the user alternatlve5’*ff-

'"eﬂ‘den31tles of 800 and either 556 or 200 characters per 1ncho

The length of a block of 1nformat10n (1 €. 1nformatlon transferred

”‘fjeas the result of a single transfer 1nstruct10n) is specified by the

 V';progrmmmer. Blocks of between 1. and 32,768 words in length may be used,
‘7f]‘mak1n8_P0851ble the transfer of the total content of the core store f7}’m

‘,t[jiwith the use of only one instruotion;

‘The parlty of data in a block is generated by the magnetlc tape

’2e,channel control unit and is written in two ways: the lateral (character)“;f ﬂf;'
"' parity is recorded on the seventh track and the long1tud1nal (track) :
"';jilparlty is recorded in an addltlonal stripe called the check character. at ﬂ .
,   the end of the block. Longltudlnal parity is always even and, on tapes .
' "orlglnatlng w1th1n the system, lateral parlty is usually odd. Even
lateral parlty is hOWever, avallable for use when necessary. The

k j“‘;‘,mec:han:l.sm of parlty checking is 1dentloal on reading and wrltlng in that '

 Qdata are read back as they are recorded during a write operation. On the:,'77553 
. ‘completion of a block transfer any parity failure is noted bvaxeeutivef”? '
 and a repeat transfer is arranged.  On a writing operation, after several

4e§f;repeatedvfai1ures Executive erases the- faulty information;and,triee‘

v'y'again further along the tape. Insurmountable failures on read or write

eoperetions.resuit in a message to the operator via the console typewriter.f,»” o

A block of, 1nfoxmatlon on & tape may cantaln several records, and

& number of blocks make up & file. A file:may. be spreadiover several

.reels of tape. Divisions befween;31gn1f1cantisectmonsﬁof information =

~ on a tape are indicated by means of a tape marker (octal 17) which,

AN




éry

“though termed an end of file (E.0.F.) 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'bloek 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;’theAminimum number ofvd@ys for which t@e information

should be refaihed, 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 pfovided‘by 5=word qualifier
blocks which normally follow E.O.F. marks and give the context in which

~an E,O0.F. mark is used.

eTapes are normally assigned to a progrEm by Executive at the
point in the program at which they‘are first‘reQuire&. At this point,
ExeeutiVe carries out a: deck by deck search until the tape label whose
‘:name'part corresponds to that given.in the program is found. The
idformation given in the label is then made ayailable to the program.
,'Shouldythe required tape hot be mounted on any deck, a request for the
vtape iS<delivefed to the operator via the console typewriter. When 5' 
wtape has been located it is left in a p051t10n where it is ready to
‘ read or wrlte to the block that follows the label.

~ Manual ass:Lgnment of tapes is also possible and in this case » the
~operator types a message to Exeeutlve a551gn1ng the tape deck upon GRiama

whlch the de51red tape is mounted to the program requlrlng it.

5 3.6 The I.C. T, 1971, 1972 and 1973 magnetlc tape systems

The 1971, 1972, and 1973 magnetic tape systems are each available
as a group of.2, 4, or 6 deoks and each group is contained in a slngle
unit with its own control electronlcs. The control eleotronlcs are e

’d651gned to I.C.T, atandard 1nterface requlrements.
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number  speed (in/s)  densities rates (ch/s)

SR e 200 e 15,000 o
4973 5 75 .. B%6 b 700 i

. 800 . 60,000

S , | 200 ot " ,'“15;0001

1972 . 75 T U EEE | 41,700

| 200 7,500

1971 57,5 556 20,800

~in the computer proper, the former being used for measuring the central

computer time occupied by each program and the latter for program dating/j?

Fo

The rea@/wrlte speed &nﬁ rerorﬂlng rates of each system are

shown 1n the following table.

System - Rea@/write ' ~Recording , Character transfer

. The three systems axre compatible with the 1974 system in texrms

of both information layout on tape and programming so that 1nformatlon 7e7*e

~on these aspects in the previous section can 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, eonteined

' end log-keeping PUrposes.

The program timer is a 21 =~ stage binary counter which ceunts:off'ev‘ﬁff

ee the eompﬁter olock and has a capacity of approximately 2 seconds.
Exeoutive sets the timer to zero each time a program is entered and

m7fiaocumulates the value that is in the tlmer when the program 1e 1nterrupted.ef




Should a program run free of interrupts for the time that the timer
takes to run u@ to half of its capacity (approximately 1 second), the
counter causes an interrupt and Executive adds the timer value to the
time already accumulated for the program. This interrupt also provides

an cpportunity for any higheawx pridrity program to be re-entered.

The timer doés not operate during hesitations as most of these are
usually connected 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 1pca1 time in hours, minutes and
seconds. This time is available to programs and, in addition, is
pcrm@ﬁlcaljy'typed out on the console typewrlter to form a part of

the computer's operating log.

50k, 2 ThelIic 18 1830 general ?urpose visﬁalldisplay unit

' This unit contains a 2{-inch C.R.T. which may be used for graph
and vector plétting and the display of alphawnumsric characters; and
a keyboard by which the operator may communicate with the central
computer. BEach 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 A
‘hOWeverg be used only in conjunction with the .35mm camera desoribed ;
 later. - Ear v1sual work, up to sxxty four 4128~character lines of double

sined characters are used.

Characters are formed on the C.R.T. by combining sections of
various Lissajous figures. The various gated sine and cosine waveforms
necesgsary for these are produoed by a complax of electronics, the -outputs

of which are dependenﬁ upon the character code applled to the input.

5/14




The outputsare applied to & pair of minor deflection coils 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
currents in the main deflection coils and these currents each have 1024
discrete magnitudes giving rise to a 1024 square matrix, Co-ordinate
‘p01nts in the matrix can be specified for graph plotting and as the
 ‘start1ng points of veotors. :

ALl information to be visuslly displayed is contained in & 4096 -
, }”character bdffer store. As the data are read from this in sequence, f i
" the current in the C.R.T. main deflection coils is stepped in su¢hia, , ?,‘g,;.
’ t‘mann6r as to write the data at the appropriate points of the 5oa%. | e
J“;*;f:matrix. The buffer store is cycled at least ten times per Se°°nd 1n o

"ff:f'order to provide a flicker free dlsPlay‘

Optlonal extras to be used with the 1830 unit are a 35mm camera B

L and a light pen. The former can take plotures on demand, at rates of o

f  ‘uP to 20 frames per secon& end for this purpose, an add¢t1°n?1 hmgh‘ ,
‘k37,,def1n1t10n 5 inch C.R.T. is used. When the camera is in use}yéaOh . ‘
- group of characters need be dlsplayed on the C. R.T¢ for one soan only
S masses of 1nformatlon can be transferred onto fllm in a veny short
L bimes

The light pen is a phofo-electric probe connected to the‘18301
'unit by a flying lead, When placed against the C.R.T. face, its -
~ position may be ascertazned in terms of the time at whlch it is ;
V"f‘lllumlnated in the scanning cycle of the C.R.T. An 1mmed1ate use for =
it will be to 1ndlcate oharaoters Whlch need ohanglng or deletmng but e
y’ilVfuture use, subjeot to programmlng prdblems being overcome, may 1nolude:?%”""‘“"

'3g\the recognltlon, by the computer, of". "drawn" shapea.;‘g _;

The kGYboard has 55 keys which give a sxmllar varlety of symbols
%o thoae on an ordlnany typewrater.‘ The keyboard 1s,usqdifpy ;ssu;ng
dlreotlves to. the oomputer.f','v : o iy Fan
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5.3 The 1834:diéﬁléy°ahd'intérrogating ‘ﬁnif'u

This unit is similar in principle to the 1830 unit but has a
small seoreen, a 15-key keyboard, and is capable offrepréducingl

characters only.

The unit is intended for use where operatofs require to retrieve
specific items from file storage devices in connection With such |
activities as banking, seat reservations, étc. ‘The reference number :
of the file will be typed on the keyboard and the 1nformatlon dlsplayed _; 

in groups of up to 256 characters, on a hln X 21n screen.

Several 1831 units may be connected to a standard interface channel»f;“
via a control unit. Two types of control unit are avallable.f one type i
has a 4096 word buffer store and the other type uses the speclal A |
hesitation f&Clllﬁyj The foxmer can supply up to 31xty four 1831 unlts';T7g
and the latter up to 8, and in both cases dlfferent 1nformatlon can be .

displayed on all unltso'

5.k The I.C.T. 1934 digital increment plotter .

This unit consists of a Calcomp plotter unitk Model 563, 56k, 565, 
or 566, mounted on a pedestal-type cabinet which contains power supplles

and control elsctronics de31gned to work over the standard 1nterface

The paper‘on which plotting takes place is wound‘on two fnllers‘""
and passes over a rotatable plottlng ‘drum, The plottlng pen carrlage 11 ’
is mounted over the drum on a traverse arm whlch enables it to move.
parallel to the drum axis. The plottlng actlon is obtalned by step

metions of fhe drum, and/or the pen, permlttlng each step to be 1n any_ f!7l 7{‘ '

one of the eight dlrectlons llsted¢
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Drum step forward ~X direction

‘; ‘:1 . ' Drum step backward ‘ +¥ direction

é, : Pen step lelft o +{ divection

§  Pen step right = ’ o -y direction
Simultangcuérdrum éna pen steps | four diagonal &irecﬁianéfi
Pen down | ' ' pen on paper
Pen up - - - pen off paper

- Each operation is represented by'a daﬁa chdracter, and the sequence -

of operations is effecte& by the transfer of eharacters from the' (  }

computer to the plotter.;.

o The charactarlstlcs of ook plotter in the series are summarlsed
L zn e following table 0 ' | s

Notel Namber 563 56k 565 56
Speed: Xuaxia‘a“‘jw“ ,123000f*1483000‘;z18;000f$718,000~ steps/min

Y-axis 12,000 18,000 18,000 18,000 sfépa/min -

Pen . i .. 600 600 . 60O 600 operatlons*7, =
I S - S ' /min o
Step size T RN U0,00 90,005 7005015 0,005 inch
Paper width oy 3V g3 ‘ 12 i 12  inches
Plotting width - 29% v 293 0 4t0 o0 417 inches
Paper length 1‘; C4zd 4200 120 420 teet

~ Sprocket diameter U Siste e 0,138_,“ C.420 Q@iﬁﬁj inch

Smmdmtémmhg 0.5 . 9.5 0.375 0.375 inch
Data transfer rate 200 ':‘V§QDL 300 300 oh/s
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~5.4.5 The I.C.T. 8500 document sorter/reader -

This unit sorts and selects bank cheques and similar doocuments
which are eodea.in'magneﬁie ink and‘conforﬁ to the requirements
established by the London CGlearing Benks. The range of acceptable
document sizes is from 6 x 2% inches to 8-;‘: % L,.;‘_— inches. When the:
device is connected to a 1900 system, sorting and selection is
controlled by the oomputer and data read from the documents may be
edited, 1lsted on a printer, atored on magnetic tape, etc, as requlred,

under the control of ‘& program.

Sorting takes place'at 1200 documents per mimute. The magnetic

ink code is read and, according to 1nstructlons, the documents can

be sorted on any characters position, to any ome of 18 stackers, one cf“ﬂ[”,,'

which is for dqcuments classified as rejects.
5.4.6 The I.C.T. 1992 commnications miltiplexer

. The I.C.T. 1992 comminications mulfiplexer is a mhlti-chennel
control device permitting on~line data input and output between the
eentral computer and up to 63 remote devices. These are conneoted to
the miltiplexer by ordlnary telegraph, telephone, or 1nternal multl—

typewriter llne facllltlee, or any combination of theee.

The multlplexer is modular to cater for any number of llnes from
2 1o 65, and each line can be one—way (51mplex) or non—51multaneous »“
two=way (half duplex) Line “termination units are necessany at both

ends of each line. The speed of transmission of data is llmlted, for

all practical purposes,. not by the multlplexer but by the speed of the f"T

transmission line or central computer.

Each line ;nput to the multlplexer contalns a 51ngle character i
buffer and these are sequentlally scanned, any characters present :
being transferred to an area in the computer's store which has been

allocated to each termn.nal° Transfers take place on the" hesmtatlon

B prxnolple and ‘an’ 1nterrupt is caused only When a complete message hasV'H
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been received or transmitted, or the allotted store area filled or
emptied. Then, subject to program pribrities, the communications

program deals with the message.

The I.S.0. /A.S.A. 8 track coa.ey used as the standard paper tape
code throughout the 1900 system, is deooded or enooded 1n the

multiplexer unmt. Other codes are handled without modlflcatlon and

» codes of greatei* than 8 bits are split up into 6 bit groups f‘or‘

transfer to or from the computer. The parlty of all incoming. messages,f, 

~ if present, is checked in the multlplexer on the llne transm1351on

unit,

5.4.7 The I.C.T. 1955 data exohaﬁgé con"troi |

This unit will enable a 1900 series computer to communlcate w1th

another computer via a standard 1nterface channel Information is

~ passed over the data exchange control ‘in 4—character bursts. With the l;;
- 1902 (6ps store) and 1904 (2us store) the rates of transfer can be as
~ high as 76,000 and 114,000 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 liﬁk a small éomputer to a large computer .

and use the small machine for the edltlng and validification of 1nput ‘

and output dataa ‘This raises overall efflclenoy by reduclng the load on E
the main computer and ensures that all 1nput 1nformat10n 1s Valldlfled

and presented in the most useable form.';7
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~*i[f 6.1 Genersl

CHAPTER 6

THE CENTRAL COMPUTER

The centrel computers of the 190k, 1905,and 1909 are very Simila; 5>'~“
~ and they are shown in block form in Diagram 12. The qontent-and re- f

lationship of the blocks is decribed in the following sections.

6.2 The arithmetic unit

At the‘cewtre'oﬁ the arithmetic unit, shown in Diagram 25; is thé”:\-
- mills This is a 24~bit parallel adder whlch can carry out loglcal and
arithmetic operations on the contents of the various reglsters gated onto@{

   1ts inputs, the K and L highwayse Its,output may be gated to the,Var;ous,‘““

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'thelr 1nterconnectlons are'?
*shown clearly on Diagram 25 and need 11ﬁﬁle further explanation. Some‘f

of their uses are outlined as follows.

\ a) Regiater‘A is used as a working register. In addition to iy
the normal output it has an inverse output to a531st 1n the f1;

formation of negative numbers ( see section 12.2. 3)

.

b) Register B is used as a working register, and to send and
receive operands to and from store. Parity is formed from7~§“

the content of B when store accesses are mades

c) - Register P is used to hold the instruction address (bits 0 i
to 14.), special Executive modes (bits 15 to 21) the carry from
multiple length operations (bit 22), and a record of any ‘ ‘W
overflow that occurs during the execution of a program (bit 23)o:f ﬁ




- and the 4-bit G register in the central control umite ... .

In more complex instructions such as multiplication,register
P is required as a working register, and its ability to shift

- operands internallx,&eft or right, is used. When P is used
as a working register, its normal contents are temporarily

stored in store location 8 of the programs

&) The content of the datum and limit registers is self explanatony

",»6ama

‘e)f‘ Register N contains various quantiﬁies as an instruction proe‘:;f
. gresses. Initially it contains the instruction address and ‘;
then the n-address part of the instructionﬁ It also has ‘the S
ability to count down in decrements of unity and is used as Vl‘

& counter in instructions such as multiply, shift, eto.

H!ff)  Register ¥, X and M are used to contain the functlon,accumulator
4 ", address and modlfler address of an 1nstruct10n respectlvelyok b
Reglster X has an additional ouuput, X+1: thls is used 40

specify the second accumulator used in double length operatlons”,

Peripherals are addressed via the BAD highway, and information is 

~:vfipéssed to and from peripherals on the BOUT and‘BINkhighways réspectiv¢Ly;7;

- 6,3 The LDG register

The LDG register can only be loaded by special Executive orders

and consists of the datum and 1limit registers in the arithmetic unit,

The G register bits are numbered 0, 1, 3, and 4. Bits 3 and 4 are
used to indicate which of the four possible programs are running in the
machine and their decoded output is used to illuminate the approprlate

1ndlcator lamp on the console typewrltera

and the use made of the datum and limit is explained in sectiqn,‘iff




f _W1th X=7,and 2or3setinG 0 and 1, a monltorlng 1nterrupt lS

A program called Trace may be entered 1nt0 the computer as an
aid to the development of new programs. Thls program works dn:
‘Acongunctlon with Executive to provide monltorlng f30111t1es, and the i
monitoring facmlltles prov1ded depend upon the monmtorlng mode set up' 

firdn blts 0 and 1 of Gs The four p0531ble modes are:

00 ‘noimonitoring required, ’
01 - monitor after each order obeyed,
‘ 10,: monitor after each 123 order w1+h X = 7
11 monitor after each successful jump and after each 123 orderfff

with X = 7.

’ A steering tapeﬁ Whlch is prepared by: the prOgrammer,xls used 1n”i "¥" 
‘«,conJunotlon with the Trace program. The tape 1ndlcates thé poznt‘?atff?af i
if wh1oh the program to be tested requlres monltorlng, and the type 5f
f,fmonltorzng action requlred. Acoordmng to the 1nformat10n on the

:fksteerlng tape Executzve, in conaunctlon with Trace, loads the G :
~ register Wlth the d;fferent monitor medes requmred as the prOgram ;;}jjj_'

}progresses.

The 123 order is normally a dummy instruction, buﬁ When glVen ;, 1

forced. 123, X = 7 orders may only be given by Trace, Theyka;§¢
‘ "inssr+éd by Trace, under the direction of the Trace Sfeering'tapé,f[
S into the program to be monltored at the pomnts Where mGnltoxlng

requlred.

S Bel The«mieroprogram sequence gates

, Tha mlermprogram gates are respansmble for sequenclng thegg
bistables in central control. The mlarOProgram sequence requlred is
~ indicated either by the functlon reglster (Whlcn is 1n '

unlt) or hesitation control. -

The nlcropregram 1s broken down 1nto sub un1ts,>
;,ls responsible for sequen01ng a partlcular order, a se£;0f7 S
~orders, or h831tatlon¢ - The mlcrOProgram, v1a central control,ideflnesﬁﬁfy
the sequence of actlons neoessany in the arxthmetlc unmtlto carny out‘f"

an 1nstructlon.




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 miCraprégram gates and determine what has to be done next.
For more complex orders such as division and shift orders, which contain
 severa1 repetitive operations, additional bistables in central control
andtQOunfers in the arithmetie unit, are available to the microprogram.

k ’6.5 The central contiol 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 bisﬁables, each one of which in
kgeneral, gontrols a specific sub~operation in the arithmetic unit.
Usually, several of these bistsbles are set to control a complete
arithmetic unit operatian. Central control is also used to control

- core store operations and, on some occasions, the machine clock rate.

6.6 The computer's clock

The‘cloak produces fimed 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
;fbut'is slowed down for certain operations such as core store cycles, s
. 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 @uses the computér to hesitate
for 6us (or 16us with the 6us 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; s0

that if séVéral data‘tr;ngfer requésts Gocur at”the same time, the computer
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. tains information concerning the store area being used for the transfers

Tf 6.8 ‘Peripheral control units

~ units.

‘ ;buffer, a set of control bistables and gates and, when appropriate;f [f?

? ‘can deal with them one by one. The microprogram hesitation sequencing
~ varies with different types. of peripheral and hesmtatlon oontrol in-

‘dicates which type of perlpheral 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- 27 

Most peripherals used on the 1904; 5, and 9 whether designed for  i§f

- standard or special interface operation, each haVe a oontrol unit: the .

exceptions to this rule are veny fast perlpherals Whlch share oontrol f@*”

Special control units generally consist of a word or character‘i_

parity checking and character decoding facilities.

- ' Standard interface control units are considerably simpler than
special controls, but as the same problems of cohtrol and data handling :
are met with, this simplicity is off~set by having more stand—off logie {
at the perlpheral itself. ’ St

A per1pheral control unit can only be selected and told %o begln

- operating by speoxal orders of the Executive program. Once a perlpheralf

control has been seleoted and actlvated it continues a transfer on the ?f

V:,he31tat10ns prlnolpleﬁ

. Perlpheral control will cause h651tatlons whenever it has 1nformw

atlon 1n its word or character buffer rea@y to be stored in the core

~ store. On an output. operation, it causes a hesitation whenever & trans- -
fer has been completed from the input buffer to the peripheral. Another':f_g

. word or character is then transferred from the core store.




A perlpheral control continues to cause h931tat10ns until a trans- e
o fer-is completed, at which time it causes an interrupt. The interrupt

causes Executive to take over and’determlne what to do next.

 f6,9 The core store

For those readers unfamiliar with core stores, a short account
of the prinqiples involved can be found in section 1.9.7. The I.C.T-

V i;1904, 5 and 9 computers have conventional core stores, the sizes and

‘V  SPeeds of Which'are summarised in the table in section 4.1 There are
~V526 planes in each store: 24 for information. 1 for parlty, and 1 spare.

 ’fThe stores have three modes of operatlon which are:

~ read regenerate in whish information is read from the~

' core store and regeﬂerated for further use,

TAQf’b)‘ 'clear'wrlte in which the seleoted store' location is
 cleared during the read half qycle and 1nformat10n is
written in during the wrlte half cycle,

¢) - read pause write: in which information is read from the

sore store and different information is written back.

Tb. store is fully self contalned using 1ts own power supplies,

,seleorlon and drive loglo, and the power on/off switching is.automatically
'seqaenoed in & manner that retalns stored 1nformatlon. It also has ’
»:oullt-ln testing facilities. These enable fixed patterns to be written
' 1sequent1a1ly right through the store, and‘then to be read back again in
'the same sequenoe, checking the read-out against the pattern ge'nera’corr _
Patternsavallable are all '1' 8, all '0's, worst pattern and inverse WOTSt,

 pattern.

" The temperature of the core store is thermostatlcally controlled in
yorder to ensure that its worklng pomnt does not vany due to ch&nges in

amblent temperaturen,.~
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 5ftar1ly present on the arlthmetlc unit?s B reglster and, on both store

~ input and output, the information is extracted.from this reg;ster,for

6.10 The datum an& 1imit tegﬁer

A region of oere §+ove ls alloeaﬁed to each program by Exeoutlve

and each time a program is enﬁere& the &atum and llmlt of the program's

store area are entered into the uatum and limit reglstersa

The values of datum and limit ave multlples of 64 and the datum

“and limit register are ea@h made up of nine bistables which ‘hold the
most,smgnlflcant nlne;dlé;t@ of a 15-bit address. When a program other iy

~ than Executive is running, each address is automatically ohecked~against"f

 ‘;;the datum and limit prior to belng applied to store selection. . This
“%ensures that an address inside the programs allocated area is selected.

X and M do not require checklng since they 11e in the range -
D ¢ X or M < D = 8

Thls is 1nsmie th@ minimim ares, of 64.11nes that can be ocoupled ’f"‘

> {by a programa

~ 6u11 Parity

AJl 1nformatlon going 1n to and out from the core store is momen~ 

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. ;
'f‘The setfing‘of this bistable is'oomparea'with the parity bit formed from
the content of the B register and, if there is disagreement, the computer

. stops and the feiling address is displayed on the englneers' panela o

 6012'The‘engineer‘s panel,‘

The engineer?a panel in the basic. machlne provides the engmneer wmth S

very comprehensmve monitoring . ana control of the- ‘whole oomputera
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On the panel are displayed:

"1)‘ thé contents of all ﬁhe arithmetic unit registers;

= 2) e contents of. the arlthmetlc unlt Gt transfer

paths (known as hlghways),
3) the*settmngs of the blstables in central control;
- 4) the operating modes of the varipusiperiphéralso'

~In order~to‘facilitate fault finding, a switch is proviaed‘td'run .

* the computer on smngle shot, double shot or 31ng1e instruction, and

”‘_there is also a set. of handkeys Whlch may be used either to ¢n3eot an

~ order number or a whole 1nstruct10n into the arlthmetlc unite

Two more swltches, FREEZE ‘and RESET, are prov1ded which, when

f;'operated, actlvate control waveforms cau51ng the oomputer to read in

, }a 128 character ‘bootstrap v1a a predetermlned perlpheral (usual]y Paper'f,‘“*~‘ﬁ“

 tape) into the first 32 core store locatlonsow This bootstrap can then, 
_be used to read in Executlveq' E?EEZE and RESET fac111t1es are to be

: E expanded on future machines in’ order to pr0v1de three prlmany 1nput ‘

channelsa

Margin checklng facllltles are also prov1ded and take the form of -

~1,;a varlable power supply and a varlable olock rat91

On mult1~cab1net machlnes and those with floatlng point unlts, an
‘ ’extra englneers' panel 15 prov1ded to monltor the extra perlpherals and :

© registers. . =

 6,13’Power supplies

The’ﬁéwer‘sﬁpply'for a two caﬁinet'éomputer consists‘of an a.cs
control unit controlllng four rack mounted d.ca power unltswi The outputs
:of these are, 46V, -6V, ~28V and a varlable supply g1v1ng two outputs
which are set to +6V and-6V. Each “of - thesesupplleshas voltage and |
current monltorlnge The . core store has 1ts own supply but is. also con-

‘trolled by the aeoe control unlt.«;;
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The existing supplies have su?ficient capacity to supply an
axtra cabinet but if more than thrse cabinets are used, additional
sugpl.ies must be installed. The power consumption of a two cabinet

coﬁputer is approximately 2.5 KVA.
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?’”by englneers than by programmers, engmneers“noﬁatlon,wlll be‘uueaa

ii;way in which it is to be used.

‘5¥f;792 Tour 6 ~bit élpha~numeric charscters.

S

CHAPTER 7

THE 1.C.T» 190k, 5, and 9 WORDFORM

: 7,1 Genearal

The basic word is 24 bmﬁs in 1ength@ For the purposes of programm-

ers the bits are numbered f'rom BO to BZ) startlng at the most signifi-

cant. end, and for the purposes of englneers thay are numbered from B23

“fto BO starting at the most smgnlflcant endo The pros and cons of these;ff

two sys»ems are numarous, but as this manual is more 11ke1y to be read

The 2A~b1t word can have various 1nterpretatlons aocordlng to the ”J

The word is split into four characters as shown.below )

Bits. 23 %018 17 to12 41 to 6 .5 to O

&
The notation used is 123.0 for character "o" of the woxd in 11ne

123, 123.1 for character “i" 2 and 80 one

.

7.3 A signed fractiona

The word is regarded as haV1ng a blnany p01nt between B23 and 322, =

- B23 is negative and B22 to BO are p051t1ve, thelr values bemng as. shown'

belowq~', » ~
| B23 . B22 B2 mmemmmmmmmemmacm—= B1 B0

e e

Value =1 | 2
iBinafy point

7




~Such 8 fract ion LLGS in the range:-

-1 € fraction <1

Ts4 A signed integer

The word is regarded as having a binary point immediately to the
- vight Qf‘the least significant digiﬁo 325 is again negative and B22

to BO nosmcxve« nut different values are now 3351gnedt

B23 B22 B2| = mm—wih a2 DLC <BABO e

e g gl . = o D :
value _223,+22“ +221 I el +21 +20

5 bucn an anf.oer lies in the range:

023 § ihﬁeger <223 4

7+5 Multiple length working

725.1 " Genersl

7

A sihgle'Word‘can,represent a number about as big as 10 1n the

-7

case of an integer and about as small as 10 ' in the case of a fraction.

Tad o,

If a larger range is required multiple length working is availatie.
R g - ' =}

Ywoc or more words in adjacent store locations are used to represent

14

ne.nuwbwwf extending the range of numbers to approximately 10 to

in Yhe case of double Tength worklng, 1021 to 10 il in the case

ble 3 ength working, and S0 on. - An example of a double length

slgned tager-and & double length smgnea fracﬁlcn is shown belowe

056 A déuble'length»signedﬁinteger’f;y7i

~..

binary point




[BL7 BLE - - -« — - B25 B24| |B23 B22- - - - - B1 BO| 3

value M6 o¥5_ _ L 2k 523 mot 22 o1 50
i used

‘ I Lo+ 1
{BU7*BLE = = = ~ = - B25 B2L| | B23 BR2 = = = ~ - B1 BO|
<<;  va1uek o™ L gm22 5m25 it ‘zmza o kb, L6
L used R

binary point

~ Additional instructions are‘use& for the lesser significant words =

~ of multiple length numbers.

7.6 A floating point number

A number y is expressed as y = R2° where R is the argument

e is the exponent ‘

Two store lines are used to hold a floabting point number and the
number is made up as shown belows
L : L + 1

24-bit argument not used 9~-bit exponent

or if more accuracy is required.

L , . o dg

. 38~ b it - 8 rfgfufm e nt 9=bit exponeﬁt~

B23 néﬁ used

- The argﬁment_is stored as a standard number and so must lie in the . .

ranges:-
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1 > R z%or 0 or -4 >R 3~

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 avoild
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

ea51ly detected¢

Floating oxnt re resentaulon ives an e u&valent decmmal range e
p p & L

of approx1maoely 10 ~76 to 1076

7,7 An instruction

A normal instruction is made up as below:

X B M N

3 bits | .7 bits |2 bits | 12 Dits

X specifies one of eight accumulators. These are the first eight
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

‘Aused'to modify the N address- If M = 0 no modifying takes place.

N is the address of the store line containing the other operand on

‘which the instruction actse. ;

The other main type of instruction is the branch or jump instruction.

This is made up as follows:-

7/




e
<t
e}
(XY
o’
Hn
&
o
\,;
&
R
C"»
]

3 it

Here N is the address to which the branch is to be made.

There are meny other types of instruction and these are all listed
in the function code summary, The programmers handbook gives: full details

of the use t0 which the various instructions can be put.

7.8 A counter modifier

The counter modifier word configuration may be used to assist in
the contrcl of program 1lcops or, as a conbtrol word, to assist in char-
acter and word at a time paripheral transfers. The counter modifier

takes two forms and these are:

{0
~—r

’ , B
b) _ =z counter counter medifier
2 7 15

Whether the counter modifier is controlled by the appropriate in-
striction (in a program) ‘or by the hesitation microprogram.( in a per-
ipheral transfer)g 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 counter, one is added to the 2-bit % counters
‘This overflows into the modifier-pari so that four is‘subtraoted from
the counter for every one added to the modifier. The %' counter may

" . thus refer to one of four characters to be packed, unpacked, etc., in
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an address arrlve& aﬁ via tha moalflar, and the counter‘will count

the char&oters as each 1s dealt withe




CHAPTER 8

SUMMARY OF THE FUNCTION CODES

- 8.9 ’.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 f7

ShTigT

it will be seen that ?528 = 1?010102

The function code is maae‘up so that similar functions are grouped~lf,7
‘l consecutively, and such groups are referred to by the two most sign-
) .*; ‘ [,:ificaht digits of the digit octal number assigned to the function. Fo;

example, fﬁnoﬁions 041 to 047 which comprise the multiplication and . .

 division instructions are referred to as group L4, and the 041 function

- would be defined as group 4, function 1.

8.2 The function code

8«2.1 General

The following few pages show the whole of the function code and

 section 8.4 contains a key to the nomenclature.

~ The speeds of operation refer to the 190k, 1905, and 1909, the 1909
having the 6us core store. While the other machines in the series can

- use the same functicﬁ éode, the 1902rand 3 perform orders mofe’slowly
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“;énd the 1906 and 7 more quickly.

Sunitse

8,2n2'VGrdinany,instructiens

: The 13 to 17 group instructions are macro-instructions involving Executive
sub=routines: the method of entry fo these is explained in section 8.5, Except-

ffidns to this rule are 13 group,functions 2 to 7 on machines with floating point

ﬁ.

Notes

’Function5  Description =~ Time (Mgeasj
i b v 6us fﬂéuséﬁ o
o stcre é%ora‘f
To0 x = n+e 87
L;,Oo1;   ;:’xsf - bxk+ 0o 18 o 7 }
20020 x = - - G - 18 Y
00k x' o= n+ o 187
;‘OOB‘Et;’  ¥!‘ ) ,x s | {8 ‘  , >
006 x* = -n-c 18 7
,i 0O7  3kain = x-n - o o ‘“18k 7}
’f’owo',f‘g n' o= x+ ¢ 18 7
o . a = + x4+ C 18 7
e R - ot
013 o ‘nf = No= X = © 18 7]
014 oar o= X+ o 48 7)
it 0165 n' = n+x+ e 18 7
," f016 L 18- "7}
017 - n' = me-x- o 18 7]
020 x = x & n 18 7
021 x* =  xv n 18 7
022 x' = xF n 18 7
;_n'},023 Obey n as an instruction 7 \"3
o2 x o= n, - 18 7

J

'Carxy set if appropriate.

-~ As 004=007 but with n and x -

. interchanged

 Logical EXCLUSIVE OR -

Overflow may be set on exit _7"1

but Carry is cleared

Overflow cannoct be set.Sign

of result always positive.

%

As 000-003 but with n and x

inﬁ@rchangé&

Logical AND
Logical INCLUSIVE OR’

Bxtract charscter




Function  Description ~ Time (pseos)*
s 2usec

store store

Notes

025 X = n 18

| 7
025 Set C if n' £ x or oc 17 18 7
027 SetCifn+xc>%x 18 7
030 o mt - o né& x 18 7
n = . nv x 18 7
n' = n# x 18 7
n' = 0 18 7
'nj’ = xj t 18v 7
‘' = X 18 7

 nas = % 18} e
nt' = X 18 7.

Bxtract exponent
Test equality
Test equality

© As 020-022, result in N

Clear n ;
Insert character (6 bits) 
Insert exponent (9 bits)
Insert‘xé (12 bits)
Insert x_ (15.bits)

~ *modifying increases these time‘by 6 usecs or 2 ps respectivelya
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~ Function = Description Time (gaass}* Notes
. 6usec 2 usec |
store stores
f‘040 | x:' = nex : 67 40 Unrounded multiply
EI  04j x:' o= oaux +.2_24 67 40 Rounded multiply A
w2 x:i! = nux o+ ot 72 L Semi-cumilative multiply
:, 045 £y xit = 100k + ny 58 ‘. 27 Decimal-binary conversion
. Ok -7i ;X*' = x:/n. 76 U5 - Unrounded double length
7 ' k division (remainder to X)
’V': Oh5 ™' = xi/n o+ 2~2§ | 79 “' 48 Rounded double lengﬁh
o ‘ "’ f division (remainder to X)
06 x#¥ = x*/n 7 L Unrounded single length
: | division (remainder to X)
047 x' = 10.x: 58 27 - Binary-decimal conversion
. nj' = Character | iy o
, ;  050 Branch if =z = 0 B 13 5
052 Branch if x £ 0 13 5
gf;OSA Branch if x 3 0 13 5
? va056 Branch if x < 0 13 5
060 Single word modify 13 5 Add 1 to modifier
5?wﬁ1062 Alternate word modify 13 5 Add 2 to modifier
:,;:;064 Character modify 13 5 Add % to modifier
. | (subtract 1 from counter
, , , branch if counter non-zero)
070 Subroutiue entry 15 8 _ Store ONR and V in x,
L | k clear V, branch to N
o072 Subroutine exit 12 ) Branch to N + x, V reset
as at entry unless set by
bl subroutine k ‘
f 074 Branch on condition X 7 3




- Function 1 Description T < Time (psecs)® - Notes

busec 2usec

store store

undonditionally
if V set

X =0
X =1
X =2 if V set, clear V.
X =3 if V clear |
X = 4 if V clear, clear V
 *X =5 if ¢ set
X = 6 if ¢ clear -
- X =7 ifV clear, invert V
xt = N+ ¢ 12 5) : . N
x* = x+N+ ¢ 12 5|  As 000-003 but N
xt = -N- ¢ 4 12 5 " used in place of‘n, 
% = X -N- o | ‘ ¢2 5; v i
x' = N+ ¢ = 12 5)
X = x+ N+ ¢ 12 5 As 004-007 but N
- . . ,
x" = -N=- ¢ SO ) 5 used in place of n
x' = x-N- ¢ » -2 5)
110 Teft Shift x,N_places  184NS 6 +'N_) (N, = 0,0ycle shift
' ’ 111 - ‘;’; Left Shift x:gNS places 3 >42+NS“15 + Ns N% = 1,Logic shift
S ' o n : >~ " _
 “' w2 S "nght Shift x, N, places | 184NS 6 + N ||V = 2,Ar1th§ﬁ§%% ;
© 113" Right Shift x:,N, places h2+N3 15 + N_ | | Ny = 3,5pecial shift
ey Normalise x | - 3748h 15 + Shift ko
2115 Normslise x: ~ 42+8h 16 + Shift
1200 3 o= x& N Y- 5 As 020-022 but N
121 v = xv N 1 | 12.:%. - b used in place of n
122  x' = CxF N T 5) J
& 123 No operation % e 5' 7 3 Dummy instruction
124 . xc‘ = N, X& = (@0 13 5 Set counter
8/5
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‘~¥"fFungtiog B Description

Time (psec)®
busec 2usec

store store

Notes

~ Set Mode N

Block Transfer

;‘: = Checksum

8 k4

- 32+412N "13 + 4N

324 7N - Ak + 3N

N words from address b
- % to address x*
- Bum N words from

 address x* ignoring

overflow




C8.2:3 - Macpc~in$truations*

Function B - “ ‘ Description.
' :150‘ ' o 'VV ~eonvert fixed to floating point
N 131:' S Uonvert floating point to fixed .
i1 432 UL g o i} [4f bit 0 of X is ™", don't round.
| 133 S adt = :f;‘if bit 1 of X is ™", don't '
R  a:t za:. nsf)normalise. If bit 2 of Xis
135 I R ) { ™", reverse positions‘of‘a:7and~ﬁ:
j“‘;"1,726‘ ‘i;_w?_ , ‘A a:§ £ g Bit 0 of X is "O". e
¢ R ‘f_   Clear a: Bit 0 of X is "',
137 . ait=e: . -Bit O of Xis "O".
o " n:t=a: ) Bit O of X is ™",
and clear a: e
,;1:_’150, , £ Suspend me if my unit X of type N'is’buSyf'F'
15  »<' - ~ Release my unit X of type N gt
kui152  ~. * . Disengage my unit X of type I
153{; AT  Place in my 1egzster 9 the control word of my unit
- " e X of type N e L
o 154,‘f " ' Read more pregram from iy unit X of type N
. 155 , . Susperd and dump on my unit X of type N
156 ",‘Allocate to me 2 unit X of type N 4
» 157v> o Perlpher n] operation: operaulon deflned Jn the control
' area N to N+3 - [
160, X =0 Suspend the program. awakﬁlng operator message and
print out the message in the area defined by control N
X=1 As above without program suspension & '
’X =2 ' Delete this program treating the message. in the areaf?y.
w ‘ definp&;by control word N as though input by tyPéA&‘; :‘
i writer o ‘ :
164 X = 0 7 Suspwnd this program awaiting oPerator message and
ﬁype out N as two. characTers.
A0
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Funection

162

163

6

X =

X

Description

As X = 0 without program suspension

Delete this program, type out N as two
characters '

Suspend me if my sub-progrem X is active
Activate my sub-program X at instruction N
Suspend the sub-program awaiting activation
by‘the main program snd release main program

- 4f waiting , :
~ Place binary date (days from 1st Jan 1900)

in X v 4
Place date in -character form in X:
Place amount of core 3£are allocated to this

 program in X




8.3 Executive orders

' When Executive is entered the Executive mode bistable is set

(fﬁrther described in section 9#5)3 and certain instructions in the

order code take on different meanings to those set out in the previous

 section. The 1nstructlon effected are the 125 and 170 to 173, and themr ff

new meanlngs are set out belows

1258  Pisgy’ = Nog  read the contents of bits 0 to 6 Ofwi*f"”
o the N register to bits 15 to 21 of
the P register.

\ \f  The use of bits 15 to 21 of the P register when the ccmputer 1s -

lj"ln Executive mode is as followse

,>‘P041h.' order number ‘ ,
k'Q j'PH5\f set zero suppression'on 047 instruction
| i,P16-18: not used

- Pjg  add datum to N |
“ P20 , , add datum to X excepﬁ in groups 04, 11, 12 gand 074
RN order ¢  o T '
B P21 ' add datum to M’
;\_P22: carry
 Ppz  overflow 8
g 'f17OE N x' =SRn  read the contents of special register
; n to accumulator Xo
' e ATIB SRn' = x read the contents of accumulator X
e to épecial register n.
! 172E . LDG' =n
L . - Mo reset EXM bistable  exit from Executive
P = datum + 8 '
i, S b 1T73E ”’LDGﬂ7='n~;J f:,nf " read the contents of store location
. ‘ R e N to registers L, D, and G.
| , .




- Special registers (SRn) are numbered in the range 0 to 65.
Speclal registers 0 to 63 are assigned to peripheral devices and cone
tain control data, and special registers 6l and 65 are the two reasons
for interrupt régisters; their use is described in Chapter 9 but need

k “f vnoﬁjbe considered‘for the time being.

k'm’
N

Nt and Ns

n

,  i 0

8.4 TFunction code nomenclature

- refers to the content of the floating point accumulatore
~ is the carry register and ¢ is used in order 000 to 017 and V“',,ﬁ
© 100 to 107. - C is always left clear by any order un1é53°that’,;g‘

order sets C.

is a medlfler reglster (revlsters I to 3)

~is the content of register M&<
is a core store address or number

comprise the most significant 2 bits and the least aLgnlflcant ;  3Vf

10 Dbits respeotlvely of the 12wb1t addrebgafﬁ"**“

is the content of register Na

. n' = n + x means that the result of addlng n and x replaces n, only n

=

5 o

Xa
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bemno altered.

: is any one of the four 6-bit characters of n,

is the order number register (bits 0 to 14 of P),

is the sign bit or the most significant bit.

~ds the arithmetic unit overflow reglaterw V remains set

untnl OLeared¢
is an accumulstor (registers 0 to 7)
is the content of register X.

s the least significant 12 bits of X.

T




xe "(the signed fleatlng pOLnt exponenﬁ) is the least slgnlflcant

9 bits of the contents of X+ 1
- xm 35 the least significant 15 bits of X,

ox® is the content of X + 1.

x: . is the content of X and X + 1.

8.5 Fleating pomnt hardware and sof tware times

The use of a floatlng p01nt hardware unlt speeds up floating

'h ‘p0lnﬁ operations- considerably. This is shown in the following table

fkoom@arlng times by the hardware unilt with times taken by the Executive. ,1’ “

F.P, hardware ' Executive

ﬁf;fAddition v", 10 psecs average 400 usecs
 f wSubtraotion 40 400 M
-  \f:MﬁlfipIicatidn 22 o " ‘ L35
[i":kDivi’sion 3 e o« | .

. The anove times are for machines with 2us core stores.
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CHAPTER 9

THE MICROPROGRAM.

941  Genmeral

The microprogram is a hardware'prggram responsible for the

sequencing of machine orders and hesitationss
The sequencing of any machine order may be broken into three parts:

1) preparation of order,
2) execution of order,

3)  end of orders

Afly of thé above may be broken inte by a fourth séquéhcing: hesitat-

ionss

Many blocks of sequences are available to the miqrmprcgram; and
these are shown on drawing LDE/1900/0092, now known as LSO to LSi1.

9,2 Conventions on drawing LDR/19OQ/OO92 .

Drawing LDP/1900/0092 provides & convenient method of Working'
through the microprograms of the various order groups and hesitations
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 blockss

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 possibles For example, on completion of any order

group ending at circled waveform MEO, the end of order sequence is entered

9/



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 ars act-
ivated by the arrivel 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 thése 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 registers

b) operations in whieh the microprogram waveform shown results
in infommation being passed to a highway by forcing the control
waveform mentioned: e.g. register A to L highway. The combrol
waveform is forced in the sense %hat the bistable which produsces
the waveform ;s triggered at the collector rather than base

so that no strobe pulse is required.

c) operations in which the microprogram waveform shown is re-
sponsible for allowing or inhibiting the action specified e.ge.
inhibit register B15=23 to K highway.

The small circles which lie on the lines connecting blocksgs 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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iy

' request present, MEPZ.

in such a case, only one line wi.l be drawn toward the gate.

A line drawn over amy of th: inputs to these gates indicates that

that input must not be present: :.g. Gi.

9.3 Sequencing of orders: and hesitations

The microprogram sequencing is shown in full on drawing LDE/41900/

0092 and a simplified bleck disgram is shown on Diagram 13.

The starting point of any sequence is at the conclusion of end ofgf
order in the extrems left centrs of LDP/1900/0092. The first decision e
to be made is whether or not to enter the hesitation sequence. If there -
is & hesitation request signal (HR) from hesitation control, the hes-
itation sequence is entered, and a word or character is transmitted to  f
or from a peripheralg If there is no hegitation request signal, the

next consideration is whether there Is any reason to interrupt i.e.

-

yr)

enter Executive, Thi

{4

s dscisicon is based on a signal from any of the

poessible reasons for interrupt.

If neither interrupt nor hesitation request signals are present,
the computer may continue with the current program and enter preparation
or order., Preparation of order reads the next instruction in the program

from store and sets it up in the instruction registers.

Whereas scme instructicns 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 &nd, assuming there is no fast hesitation

Entry to the order sequence are likewiss at points MEP! or MEPZ2,
and which order sequence is entered will depend upon +the functicn code

of the present instruction.

Orders ars divided intc three types, and these are short, long, and
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very long orders.
9.3.1 Short orders

Short orders can be accomplished at such a speed that they do not
warrant hesitation seguence bresk points. These orders do not require
three working registers in the arithmetic unit, and exit from preparation
of order at MEPI. 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 MEOA oo i

'_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 talke 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
,,'stdre pridr'%o exiting at MEP2 into appropriate sequence. Entry to end

" of order is"generally at MEO O, eioeptions to this rule being in the
ocase of the 113 and 111 instrucﬁiahs with a shift of gero places. In
 these two cases entry is at MEO.

‘Long orders are never interrupted by hesitation requests from slow

“3peripherals;

An example of a long order is the 040 multiply instruction. With

“f‘ 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‘lcop half way down the multiply sequence
block, | | FOc e
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9.3.3 Very long orders

iVéry 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 typese

Very long orvders leave the pfeparation of order at MEP2 and enter

the end of order sequence gt MEO Q.

An example of a very long order is the 126 block transfer instruc%j;:"i

tion. As with the long order, there is an opportunity for a fast
hesitation request prior to the exit from preparation of order, but
at each circuit of the loop in the 126 instruction seguence block,

there is a test for bolh fast and slow hesitation requests.

 904 Hesitations

- Due to the differing data transfer rates of various peripherals

they are divided intc two classes and the relevant hesitation requests

are designated:

A?) " fast < 100 microseconds,

2) slow > 100 microseconds.

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

c=erals' maximum waiting bime.

The hesitation sequence block is located at the right hand side of

drawing LDP/1900/0092 and has three points of entry:

1 MHES O - hesitation entry for fast cr slow peripherals
originating either between the finish and start of two
successive orders or during the execution of very long

corders 126 and 127,
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2 MHES 10 - hesitation entry for fast peripherals originating

“durlng the executlon of long orders,

-3 MHES 11 ~ hesitation entny for fast peripherals originating

at the end of preparation of order.

If a hesitation occurs during a long or veny‘long order, the con-
tents of the B and N registérs are stored in the core store so that the
order méy continue from where it left off when the hesitation is com~ | |
pleted” If a hesitatlon occurs just before the end of order sequenoe,f,""

: no storing of operands is necessary.

9.5 Macro-instructions

The 13 to 17 group instructions are, with a few exéeptions, macro-

'~ ,instructions which are sequenced by Executive sub-routines. The except~~,;%

~iong 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 instructione

Exit from preparation of order is at MEPY, from where the group
13 to 17 sequence is entered. This sequence stores the modified N-part
‘~‘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
“MEO from where the end of order sequence is entered, As a result of the
end. of order sequence, theinext instruction number in the program is

stored in datum + 8, the Executive mode bistable is set, and Executive

i entered at absolute store location %2. Executive then performs the

sub-routine indicated by the instruction stored in absolute address 2.

The Executive ‘mode blstable is set for all the tlme that the oomputer ;

“1s performlng Executlve routines. It results in certain instructions
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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)s

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 psec.

Clock 1 ' Clock 2

Progress through each box of a sequence takes one digit time, and

any operations associated with fhat box are accomplished during that

time. The clock timing is modified slightly for core store cperationsg7:

9,7 A microprogram sequence — the 001 instructions.

o
)

The microprogram sequenée shown and explained on Diagram 14 is

intended to familiarise the engineer with the draw1ng conventions used,

~ and the timing involved, in a typical sequence. The sequence is extracted'
- from dlawing LDP/1900/0092 and is that of a non-indexed 001 1nstruct10nok ff

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 respdnd to that group and

‘function. A different instruction would activate other gates and a

different sequence would result,

T
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CHAPTER 10

CONTROL OF PERIPHERAL TRANSFERS

10.1 General

It was mentioned in Chapter 4 that the 1900 series of computers

has s mixture of standard and special conbrols.

The parent computer, the T.(G«Ts 1900, originally had a different
type of control box for each type of peripheral, 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 inter-

face controls and only in a few instances are the original control

boxes, now referred to as special controls, to be retainede

The reasons for the retention of the special controls vary. For
instance, the high speed magnetic tape system (1974) uses a special
contrel because it is too fast for the standard interface at the time

of writing. However, when impending improvements in the hesitation

‘system take place, it will be possible to build future 197L tape systems

to standard interface requirements. At the other end of the speed scale,
the console typewriter uses a special control because it is used on

every machine and gains no advantage from being made into a standard

~peripherals

Where the central computer logic is aemcerneag 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 central computer, whereas standard inter-

face peripherals use them in a modified form which complies with the

requirements for standerd interfacs devices.

The control of periphéral transfers is described in this chapter as
applied to both types of peripheral control, and Chapter 11 describes

the way in which the computers® peripheral control signals are converted
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. into I.CeT» standard interface signals and the somewhat different

- Executive procedures which are necessary.

o 10.2 Control and data lines

The diagram. of the arithmetic unit (Diagram 25) shows the BIN
\viag .

- (peripheral in) highway gated onto the Q highway and the BOUT (peri-

‘J Aphera1 out) highway gated off the K highway- These .two highways are

~used to pass data and control information from each peripheral control

oo box ﬁb the computer and from the computer to the peripheral control-

~ boxes respectively.

Gated off the N register is the BAD (peripheral address) highway

 which is used by Executive to address peripherals, each peripheral con-

‘ig;%rolibox having a decoder which résponds to one particular pattern on
~ the BAD highway.

i
" 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-
ilon controle. Such a signal is transmitted when a peripheral

- is ready to send or receive a word or characters

b) HS - a hesitation select signal is returned to the requesting

- peripheral's control box as soon as the computer is able to.

hendle the request. This enables the selected peripheral to

transmit or receive data and also gates in BRST and BSTOP.

¢) BRST - used in conjunction with HS to produce RESET inside the
 requesting peripheral’s control box. This resets cerbtain bis-
tables inside the control box in order to prepare it for a

further hés:'Li:afaicm,a In the case of output devices it is alsc

used to gate data into the selected control boxa.
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d) BSTOP - when the requisite number of words or characters have
been transferred, the hesitation microprogram sends out the
signal BSTGP which is gated into the selected peripheral by
HS. BSTOP prevents tha‘paripharal control box asking fox

further hesitations and results in an interrupthe.

e) PINT - a peripheral contrel bhox sends‘mut this signal when a
peripherai transfer stops for any reason (section 1055) 4 The
PINT lines from the various‘peripherals are mixed and any one
béaoming active causes an entry to Executive which then

. determines the cause of the interrupt.

1043 Setting up a peripheral transfer

When & program is first enteredgyany necessary periphsral units

which are not being used by other programs may be allocated to it by

vExecutive, In some applications such as the prlntlng of resul*sg a.

peripheral may not be needed during the early parts of the . program

and it is more efficient to alloccate the peripheral to the program

-immediately before it is required. The 156 order is provided for this

purpose and allocates a peripheral of type N to a program, naming it
unit Xe The reverse is true of input. peripherals which may only be
required at the start of a program: the 151 order is available which '

removes the perlpheral unit X of type N from the peripheral list of

 the programe

A programmer munmbers his units of any particular type from zero,

‘and Executive types out on the console typewriter the correspondence .

between the program’s mumbering and the nxmbars actuslly on the
peripherals allocated to it by-Eyeautzﬁea

" When, during the gourse of a program, & peripheral sction is

.reguired, a 157 order is given. This takes the form shown below.

x (3) F(7) M (2) N (12)
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T is‘the’functibn humbar and calls for a peripheral operation
X specifies the unit number of ths peripheral L
M modlfleb N in the normal manner ,
N apeclfles the first address of a qucra control area .in the

core store: this contains the fOlLOWlﬂg inf Qrmatlona

23 22 | 15 1 0

Address N ,
' A peripheral type transfer mode

in a '1%, x rather than X is the unit number

2322; | ¢

reply wozrd

'VAddress N + 1

made '1' when order has been obeyed

23 - | 0
~Address N +.2l‘ ~ character/word/sector transfer count

sector count for disc file

23 22 21 15 1k R
~ Address N + 3 |- : =
st ~ A transfer starting address 5.
L

character startlng address

The control area must be set up by the programmer somewhere .m&ma

“~his program prior to the transfer order being given.

The 157 instruction is a maoro-lnstxuctlon and, if common wmth aul
other macrOmlnstruotlons, the N-part is placed in absclute store address
1, the 1nstruct10n,1n absolute store address 2, and the content of ro-
gister P in the progra@'s datum +‘8; Executive is then entepéd aﬁ;§ﬁ©f®~
location 32. ’This‘type'of entry to Executive is referred t0 as & vale

untaxry éntny because it is the result of a programmed instruction.

Each peripheral control unit has a special registar for helding e

‘rol data and also a core store word permenently associatesd wuth 1%,
word is called the control word. Using the informaticu availatle in tre

L]

instruction and théyh»wordAcontrol area, Bxec cutive addresses the per:phe a*
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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.es instruction number + 1 - 1) in order that the program

may be re-entered at the transfer instruction at a later dgteo Another,,~7“‘

- program is then enterede

"If the per1phera1 is not busy, Executive picks up the information .
in N + 2 and N + 3 of the control area which defines the store transfer ;
N area, and places it 1n the peripheral's control word. Bxecutive also E
- picks up the transfer mode from word N of the control area, loads it o
~ ,1nto the special register in the control unit and starts the transferﬁfl

-The program is then re—entered at the instruction number stored in- .

datum + 8.

Peripherals such as magnetic tape and disc file require a larger
~ control area than simpler peripherals as additional quantltes 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 péripheral's control word, only 9 bits are
lefﬁ to‘speoify the number of words, characters, or sectors to be transé‘,
ferred. This limits a perlpheral transfer instruction to order a maxe
imum transfer of 128 characters, or 512 words or sectors (see sectlon  ?f

7o 8 for oounter modlflen/control word format)*

1064 Hesitation requests

10041 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

h351tat10n request to hesitation control in the central compu%er,

Various perlpherals may send in hesitation within a space of mlcroseconds j_

and, when this hgppens, they engage in a‘"race“ in which fast perlpherals~;j

are given precedencee
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Diagram .15 shows the hesitation select svsfem in simplified form.

of the diagram, the fast requests

Hesitation requests enter at
‘~being’QR»gata& tegether in one block and the slow requests in the other.

practice, each block accepts up to

10 hesitation requesﬁ lines and there is normally one block for slow

_hesitation request lines and two blocks for fast oness

When a h@S‘f@LLQﬂ request arises, the computer can be at any point
in the execution of any microprogram sequence and, in the course of these

- sequences, there are fast and slow hesitation break points (as explained

‘\ in section 9.4). It will be appreciated that fast peripherals require

Timore immediate service than slow ones and, because of this, fast hes-'
“itation break points are more numerous. The lines GSLHR {slow h381tat10n _
'A;request) and CFHR (f@ st hesitation reque st) JnPQ;m the mlcronro ram of

&

the type of hesitation o be processed

w
for]

nd an exit is made from the
current instruction into the hesitstion microprogrem via a fast or slow

break point as appropriate %o the requesting peripherals

The hesitation micrcprogram gives rise to a signal CHM (hesitation
mode) and this primes NOR B immediately snd NOR A after a slight delay

(approx1mately 70 ns). If a fsst hesitation request arises affer a slow

one, but prior to the entry to the hesitation microprogram, the fast
- . ; s @ 8o -, y i 'y
hesitation OR output. CHRB 1 (hesitation request block 1), appears at

the output of NOR B before ihe siow request output appears from NOR Ae

A fast periphersl may thus gain precedence over a slow one right up to
the time of entry to the hesitation micr cepragran.  The outputs of NOR B
and NOR A are mutually exclusive, i.e. the one that outputs first inhibits

the other.,

Assuming that NOR A is activated, 0SB O (selsct block 0) is applied

to NOR 1,2, and 3. If more then one slow hesitation request is present,

then more than one BHS {hesitation select) line will tend to be actilvated,
The outputs of NORs 1,2, and % -are, acwever, mutually exclusive and, of
the ones with PHR duplied at their input, the fastest (the one which, by

c:ib“aa,rlea9 has the fastest switching time) will output and held off the other
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of the selected peripheral and the address of its core store control

~are generated in hesitation control (top of Diagram 16) and the logic o

" sequence for the peripheral.

" to connect it to the next available section of the selection logic and

two. If only one PHR is present it will give rise to the corresponding Wi s
BHS [ ) i ‘ :

S50, as both the block selection and the hesitation select selection .
are mutually exclusive actions, a number of hesitation requests all -
occurlng within a short time will result in one peripheral being sel~
ected, and if any of the requestlng peripherals are fast, a fast per— .

1pher§1 will be selected*
10642 Identifying‘the selected peripheral
In order to proceed with a hesitation, the type (input, word, eﬁc;>kf7
word must be available to the hesitation microprogram. These quantitiesuf 

producing them is activated by BHS via a line, BENe

The control words' addresses are generated by a group of 6 NOR ‘
elements giving up to 64 control words, and the address generated during}hf
a hesitation depends upon whi@h 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 &

In order to standardise installations, a table of standard allocat- B
ions has been prepared which lists BEN waveforms (which are numbéred)andji
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 necessanyf fj‘3‘”

lihk the BHS line to the BEN line allocated to that peripherala

For example, paper tape reader 1 is always associated with BEN L

which, when activated, always results in control word address 68 being
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genérate&gv The control word's address is the BEN llne numbef plus

64 as indicated on Diasgram 16.

" 10603 Transfer of a word or character
The hesitation microprogram controls the following four actions:

~a) transfer of operands in use in the current instruction from

registers B and N to the program’s store locations 9 and 10.

b) extraction of the control word from the control word's address

and its return in suitable modified forme

¢)  transfer of a word or character between peripheral and store.

d) return of operands in use in current instructicn from program's

store locations 9 and 10 to registers B and Na

The first and last of these astlons om%y take piace in the case of .
he51t¢t10ns which start part of the way ﬁhrouvn a long order (section
19nh)a They are by~-passed in the case of hesitations which start b@tween
successive orders. They are shown as Dart of the hesitation mlcroprcgram‘

on Diagram 16 but are not part of the actual transfer of datae

The hesitation microprogram 1n1ttdfes a read pause write store chle
and? as the control word's address has arrived on the SAD blgnway from
hesitation control, the.control word is read from store during the read
pauses. In the arithmetic unit, the address part of the control word is
increased Ey 1 (or % as explained in saotiom_7n8) and the counter part
decreased by 1. During the write part, the modlixed 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 subtracting

©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 1n1t1ated by the hesitation mic-

roprogramu

During the second read psuse write cycle the data is gated, under

control of the hesitation microvrogram, either from the store during the
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out a smgna;‘PIN@‘(perlpleﬂal inter pﬁ)a The ourrent pr;gram 1af*
=to

51nferrup%ed “the ‘next contrsl addrss

rupt is at store locaticn 16 and is known as

. . . ; N o e

~as special registers (SR,; &4 and 650 Any ause of 1nv01untany sntry to
Exeeutive gives rise to a one being present in SRG& or SR65 in a povl ibn:
corresponding to the reason for interrupt. Most of these Teasons are

o

read part gnd out to the peripheral via SIN and BOUT; or in from the
peripheral, via BIN and SOUT %o the store, during the write part. In
,{,

both cases BRST is issued by the hesi aflon microprogram around the

time of the transfer and rezets the per¢pneraL and control box in

preparation for the next word cor character transfer.

The content of registers 9 and 10 are then restored, if necessary,
to B and N and, if no further hesitation request is awaiting atiesntion,

the general misroprogram is re-sntered.

If, during the heslfatlon, the counter becomes zero, 1ndlcat1ng

+the last word or “hafaﬂf v in the transfer, the hesitation micropro ram 
5 ‘ 8 :

sends out the sienal B STOP ‘to the peripheral, and the peripheral causes

an interrmipt and entry to Executive. This ds discussed further in the

next section.

10.5 Ending a peripheral transfe

4B

When a per¢phefal transfer stops, the psripheral sontrol box <ends

ol

red in datum + 8, and Exe@ut&ve

entered. The entry made to Exeoutive in the sase of a peripheral inter—

o

voluntary entry be-

cause -1t is not a programmed sntry.

In the computer are two masier "reason for entry" registers known

peripheral incidents, and the PINT lines from tne various slow pmrlpheral
control boxss are each allocated a position on SR6L., while the PINT llnesj
from the fast peripherals' control boxes are each allocated a position

cn SR65.

A peripheral transfer may ecause interrupt either because a transfer

has finished or because some fault condition has arisen. Either of
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these reasons 13 stored in the peripheral control unit's special
‘register (not to be confused with SBs 6l and 65).

Executive examine SRs 64 and 65 and 3 identifies the control unit
causing the interrupt. The specisl register assceiated with the per-
‘iphéral control unit is then interrogated and Exscutive takes action
 appropriate to the reason for peviphersl interrupt. For example, if

" the transfer has been successful, an rogram which has been suspended
Y =S 1

Y"The program making the transfer is 3u%pan&@d and a typewriter message

~eutputted.

Having dealt with the peripheral interiupt, Executive takes a
"’furthsr look at SRs 64 and 65 and, if there are no further reasons for

'mmm%mt mmmwtmaM@msipmﬁmfypmmmméWmdﬁﬁm

' 10.6 Reading SRs 64 and 65 and peripheral special registera‘
’10.6;4 General

The ﬁ?O instruction hag a different assignation when the omputer' r1
is 1n Executive mode, and is used to order the transfer of the content “.
of ﬁhe Sp@@lﬁl register specified by the n-part of the instruction into

the acoumlator specifisd by the xe=pard.

1066.2 SRs &4 and 65

As already explained, the causge of an interript is ascertsined by

‘1nterr© gating SRs 64 and 65. On entry to Executive, a 170 order is given
 fWith its N part equal to 65, and the content of SR65 is transferred to
~accumulator X via the BIN highway. If the cause for‘interwupt is dindi-
cated in SR65 (it could be in SRGL), a ™" will be present in accumulator
X. Executive determines the wheresbouts of the "1", and hence the reason
for interrupt, by doing a normalising count on the content of asaumulatof'
X. If there is no indication of interrupt in 8R65, SRAL is treated in

- the same way.
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p

result of interrogating SRs 64 and 65, Executive loads the address of;f

170 instruction. This instruction is given and results in the content

onto the BAD highway. The BAD decoder in peripheral cOntroi box'n

- made sure that the peripheral is not still engaged with some previous

SR6k is shown 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,gf;
via the Q highway.. Wi

100603 Peripheral special registers

-

If the cause for interrupt is a peripheral incident, then as &

the interrupting peripheral control box into the n-part of a further :;

of the special register of peripheral control box n being transferred
to accumulator X. Execubive may then examine the coptent of X and

decide why the peripheral has stopped.

Diagram 18 shows the peripheral address n gated from the N registe

responds to this partloular address and generates hxecutlve Select (ES)
which gates SRn onto the BIN highway and thence to the B reglst@r Vlaﬁf
the Q highway. Again all the gating waveforms are produced by the 170;1&

EXM microprogram sequence.

10.7 Loading peripheral specigl registers

As already stated, when the programmer requires a peripherallﬁransfer
he must supply the computer with such detamls as the type of’ perlpherall

requlred and the transfer mode.

2

When a transfer request comes up in the program, and Executive has

transfer, Executive makes available the transfer mode in accumulator X -
and the peripheral number (say n) in register No A 171 EXM instruction

is then givens

When the computer is operating in Executive mode, the 171 instruction
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orders the transfer of the content of the accumuilator specified by
the x=part of the instruction to the peripheral special register
specified by the n~part of the instruction. This results in the mode

baing 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 reglsteryqq
- of the peripheral control box whose BAD decoder is producing E. S. in v
response te n. Ail the gating wavefmrms are produced by the :71 EXM

microprogram sequence.

10.8 The svecial hesitation facility

Some peri;pheralsSJ such as unbuffered versions of broadside-~fed
~card punches and line printers, require the same block of characters
B . . - . : o \.

presentlng to them several. times in order that data can be output on

them.

For example, each cclumn of a standard 80~¢olum, 12-row card
represents a character. When such cards are punched out on a broadsideé yei
fed punah9 they are punched row by oWy and the same 80 characters must ‘
be used to activate the appropriate knives for each of the 12 rows

punched.

If the card punch hag a buffer store of 80 characters capacify
;‘1then,onoe the buffer has been &ﬁajed, punﬁhjng of a card can proceed
g'autonomously. With unlufferpd punches however, the 80~charscter block
must be transferred from the core store 12 times: once per row. In
order to facilitate this without. Executive actioh; sach card‘puﬁchfhas

two core store control words associated with it.

The xlrct contral word containsg the orlglnal charscter aount

and starthg address, as copisd from ths yrogram_hj Executlve,
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‘has two h631tatlon requests and two h931tat10n select

of these pairs is used in conjunction with the specia

which . coples the content of the first control Word 1nto ‘the next store

Gl into the next store addressg and a repeat Of the ordlnary

throughout the transfer; while the second is used by th ‘hebltatlon

mlcrOProgram to bring out the 80 characters 1n.the noj

as usual, but prior to the next row belng:ppnche ‘

word is reset by having the content of the first

es, and one

smtatlons

sequence.

At the start of a card punch operation the fifst7he5iﬁation
request is sent to the computer on the special hesltatlon request llne.
This is answered by a speczal hesitation select.“ The select signal

causes the hesitation microprogram to run through a spe01al routine

address up.

The special hesitation select signal also enables the card punCh‘é
control unit to activate its ordlnary h651tatlon request llne, and ;
there follows a series of ordlnary heSltatlons 1n whlch the character3 f

specified by the second control word are transferred to the punﬁh

When the control word counter reaches ZEY0,. BSTOP 15 sent to
the perlpheral as usual. As there -are more rows yet to be punched,
BSTOP does not have its usual effect of ending the transfer. Instead;J
a further special hesitation is initiated which reéults‘in:the content

of the first control word, which has remalned unchanged belng

h681tatlons speﬂlfled by the second control Word.iﬂ




. When the last row has been punched, the BSTOP sent out by the
computer has its normal effect and PINT goes to hesitation control as

usuale

A peripheral using the special hesitation facility takes up
‘consi&erab;y more of the computer's time than the equivalent peripheral"
 fitted with a buffer store. An unbuffered card punch for éxample,
needs 972 (80 x 12 ordinary plus 12 special hesitations) hesitations
per card, as opposed to 80 for its buffered counterpart; and an

 unbuffered Gi-character line printer with 120 characters per line needs ,‘ .

77k (120 x 64 ordinary plus 64 special hesitations) hesitations per
Cline, as cpposed to 120 for its buffered counterpart. This 1ncrease
,:1n h331tatlons is often.con51dere& worth whlle compared Wlth the -

: expense of buffer storage.
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may be plugged into any I.C-T. computer with no modification.

‘peripherals themselves. Thus, while the standard interface controls

~of equipment called & central control unit (CanU)( ‘Signals unique

CHAPTER 4

THE 1.CG-T. STANDARD INTERFACE

11 1 General

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 date signals, with the effect that almost any I C T peripheral

In order to convert signals that pass between 1900 series oomputers‘
and their peripherals into standard interface signals, the early ¢ 900 '
control boxes are being replaced by standard interface contrcls. :
These controls ave équipped for straight through transfers only and

any decoding of control cor data characters must take place at the

at the computer are quite simpleg‘tha peripharals’ stand-off logiscs
are complex and capable of receiving, interpreting, and transmitting

centrol information: and decoding or coding data.

As hesitation and peripheral control signals are dealt with one

at & time, it is possible to multiplex some of them in a single pieQeQL: 

to each device are handled by individual control units (I.C.U.) and
up to twenty?five of these may be driven by one C.C.U. Any I.0.U-

can be adopted to work in the special hesitation mode-

A C.CU. and one I.C.U- occupy one card file and the configuration
is known as a WGA 15 Main Control. Further I1.C0.U-s8 are then gréuped o
together three to a card file to make up Triple Individyal Control ‘
Units known as WGA 18 xmterface Controls. The third control unit of

each triple configur&ﬁion will, by the addition of a few extra

packages. operate a device with up to 64 channels.
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 The standard interface requirements are fully explained in the
I.C.T. Standard Interface Specification, Drawing Number 1110020, '
published by Design Communication Group, but the following sections

describe briefly the use of the standard interfada in the ﬁ904¢ 5 and

9 computers,

11.2 The scope of the interface

The types of peripherals which may be connected to the computers

via a single interface connector are as follows:

a)

,’ )

single channel, single mechanism, e.g. a paper tape

reader;

singleychannelg multimechanism,keﬁgb a group of tape decks =

working via one tape control unit;

multichannel; multimechanism, e.g. a number of typewriters

- working via a multiplexer;

data exchange, e.g. a device for transferring information

between two computers;

 single or multimechanism, multisddress, e.g- a magnetic

card file.

A single channel; multimechanism peripheral differs from a

multichannel, multimechanism peripheral in that the former must oompwy'

lete a block transfer from one of its mechanisms before starting

- another. while the latter can carry out simultaneous transfers from

’ all of its channelsa

11.3 Lines crossing the standard interface

The lines that pass between each standard interfaoe‘peripheral

S 11/2
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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 bésically com@rise two 8-bit (plus parity)
highways, Di (data “into computer) and Do (data out from oomputer),yu
along Whidh-data, control, and multimechanism addressing infOrmatiOn‘,‘5f
are multiplexed. The seventh and eighth Di and Do 11nes are ‘not ‘
normaily used by the 1904, 5, and 9 machlnes, The type of 1nformat10n
present on these hlghways at any one tima is deflned by the states of
the A, C4, No, and Ni 11nesq ’ ‘ - i

The A llne is used to address the perlpheral, and 1f the A 31gna1fJ
is absent, all other signals are ignored. Wlth only the A 51gna1 i
present, information is interpreted as data, and with A and C presents
as a control character. No is used with single or multlchannel,
multimechanism periphersls in connection with control (C—"1“) and e
data (C="O") identifiers on the Do and Di highways respectlvely, and“ff 
Ni is used with multichannel, multimechanism perlpherals to 1nd10ate ;/; 

that a data identifier is available.

The direction of a transfer is 1nd10ated by the state of the J

line, which is a "% for inward transfers and a "O" for outward ones._'f  .

The line F, when a "', indicates that the peripheral obeys faster-
than-normal timing rules. The specification for such perlpherals is
not yet set out, and the F lines from all current perlpherals are

terminated by resistors at their I;C.U.s.

The uses of the other lines, and of those mentioned above,‘wili”* Q~"7

become more‘apparent in sections 1144 and 11.5 of this chapter¢

Physidally, each line 1s a twin twisted pair: a current of 25mA
in one leg represents a "1", and in the other, a "O", A common return

path is provided for all the'signals agsociated with a particﬁlar

peripheral. The lines are terminated at each end by a 75-way connector i’~*~

and form the only connectlon between the computer and perlpheralw
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114 Transfer of conbtrol information over the interface

11.4.1 General

It has already been shown in Chapter 10, sections 10.6 and 10.7,
how the 171 and 170 BEXM orders are used to transfer control information
to and from peripheral special registargv When a standard interface
peripheral causes an interrupt or is required to perform some action,

a b=-bit control code of the type "send your status® or "perform this

action™ is sent to the peripheral by Executive.

The peripheral is equipped to decode such control codes and also
‘to send back an appropriate respoﬁse to the computer. In the former
case for example, the peripheral replies with an indication of its
status (discqssea 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 contrel 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 18 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 nicroprograms.

The Nepart of the 174 EXM order is used to address the peripheral
via the BAD highwes, and the X-part specifies the accumulator from
which the control code is read and to which the response 1s 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 apprapfiata BAD decoder which, in the case of

& standard interface peripheral , is located in its I.C.U. (see Diagran
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fdscoder proéuoas the signal ES from which the signals
ates the control code, transferred
1" =part -of tnc 17k EX¥ order, ontc the

N

periphe “a19 As A and C are active, the

of Do as a control code and places an

25

syonse on u;s Tnp 170~part of the 174 order, gates the

‘dcumulator

oduoad Ifom *C t“thé time that the response is written
S proauoeb T at the I.C.U., and the effect of

he control OOdu and the status of the peripheral,

l?QQde';s of~$he mode setting type (read, write, ete.),
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led that the peripheral is not otherwise engaged, T allows
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It is necessary with such aypariph@ral;‘to first identify the
mechanism to which any command is to be given. This is accomplished
by issuing two 174 EXM orders: the first order identifies the

LY e

mechanism and the sscond issues a control code to the selected

mechanlsm

When the A, ¢, and No lines of a single or multichannel
multimechanism peripheral are active, the information on Do at that
time is interpreted as & conbrol identifier, and to this end, the
signal No ds derived from BOUT 8 and BS (see Diagram 23) The
accumulator specified by the X-part of the fivst 174 EXM order contains

the control identifier and a "1" in the bit 8 position, while the

accumulator specified by the second 174 EXM order contains the control

code.

As a result of the first 174 BEXY order the peripheral control

unit  has its A, C. and No lines activated and so "switches" to the

o

mechanism specified on Do  The control code is then fed to the

specified mechanism hy the secound 174 BXM order

11 4 L Gontrol of multiaddress, single or multimechanism

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 174 EXM
orders and is accompanied by € sctivation. When the address has been

supplisd and selected within the mechanism, the transfer of data

takes place as described in section 11.5.
In the case of multiaddress peripherals with more than one
mechanism {(e.g. a multitransport exchangesble disc file), the approp-

riate mechanism is First selected as described in the previous section

3
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11.4.5 T Suppression

When BOUT 9 is activated in cénjunction with a 174, EXM crder, the

- T strobe is suppressed (see Diagram 23). The facility is not yet

used in the 1904, 5, or 9 computers but is included for future system

development.

V‘11Q55 Transfer of data over the standard interface

11+.5:1 General

Data is transferred between the oomputer aad suandard interface

'perlpherals on the same highways, Dl and. Do, as is control information.

In the case. of data transfers however, the C llne is not aotmvaﬁed‘

7# ‘and the A line signal is derived from HS rather ’chan;ESa Diagranm ZA;,

shows the data and control paths for both siﬁgle anﬁ.multimechanism

data transfers.

11.5.2 Single mechanism datva orensfers

When a standard interface peripheral requires a data transfer it

" activates its R and J lines. The R line signal is converted by the
:,I.C.Ua into a normal hesitation request, while activation of +the J line e
~ indicates an inward transfer with J a "1", and an outward transfer .
,gwith J al"0", so effecting the appropriate hesitation microprogram

S,seQuenceg* B

o The resultlng HS (hesmuatlon select) is applled to the perlpheral's s
;Z, I C .U, where it actlvates the A line, so selecting the perlpheral for ‘“
',’ a character transferv HS also aotlvates the appcoprlate BEN line which

'generates the nontrol word address in the normal way .

On an input operation, A results in the data charactér appearing
on Di, Di highways from all standard interface peripherals go to the
C.C.U., and are gated from thers onto BIN by a derivitive of HS. The
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character on BIN is written into the core store during the second i

;'fread]pausé write cycle of the hesitation microprogram.

: TTS (interface tlmlng strobe) is produced off the trailing edge
' "of BRST. ITS results in the strobe. T, being sent out to all.
'jperlpnerals, only the selected one fespondlng to iv. T resets the

‘;1fgfper1pheral resultlnﬂ 1n removal of the oharactef from.Di.

;durlng the read pause part. of the second read pause write seotlon of

: ~jlthe h351tat10n microprogram; and placed on BOUT-

’7 T however, 1s generated after the time that the out501ng character

i ;? 13 present on BOUT and to overcome this dlfflculty, the oontert of

o   ,BOUT is temporarlly stored in the Do reglster

When A becomes active. the signal N is removed unless another
“7jéharacter can be put on Di or accepted from Do in less than‘2ps after
~the leading edge of T. The latter condition w111 only apply to burst

mode peripherals described in >ect10n 14:5.5

11.5.3 Multichannel, multimechanism data transferS 

A multichannel, multimechanism peripheral is, as far as the

_ hesitation system is concerned, a single device. Only one he31tatlon
request llne oonnects it to the hesitation selectlon system, and only £
 one heSLtatlon select 11ne returns it to the peripheral s I.C.U.
However; with such a peripheral several of its mechanisms may be
L?qinvolvéd in blOck‘transfers simulfaneously; ahd”tdrensure that data

is transferred to or from the appropriate buffer area in the core store,

a data 1&ent1fler 1s 1ssued with each charaoter transferred

As already mentloned the third I C U of each Trlnle Individual
Control Unlt (WGA18) may be fluted out to accommodate & multichannel
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%o the transferring mechanism on Di from where it is gated through to

"control and there follows a normal hesitation sequence - with one

‘peripheral, and the dotted parts of Diagram 2L represent, in simplifie@

form. the necessary addltlons.

When a multichannel,‘multimechanism peripheral has a character
for the computer, it activates its R, J, and Ni lines (see Diagram 24).
R and J would normally activate the appropriate hesitation request
:line to the hesitations system immediately, but when Ni is active the

‘request is delayed by about 2us.

During the delay perlod the signals A and No result from Ni, and

the peripheral, on receiving them, places the data identifier approprlate
the data identifier register. The HR signal 1s then sent to h651tatlon;,

difference. The HS line for the multimechanism peripheral is not

connected to a BEN line. InStéad, it is used to gatex the content of
:the data 1dentlxler register to the control address gates, where the
'f,ih6$1tat10n microprogram uses it to address the meoh“nlsm s control word, 

.'1n the core store, in the normal mannex.‘
- 11.5.4 Single channel, multimechanism data %ranﬁfer:ﬁ  fNA LT

" 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 & |

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 chamnel 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-

fer time for four characters is reduced from 24us to 13us and
(2hps and 22us with 6us store) for output and input devices
ctively, almost 50% is saved on hesitation time. Thié'facility :

e used, to obvious advantage, with fast peripherals.

In addition to the word, input, and card mixes mentioned in the' '7‘

‘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 word device, and then the hesitation microprogram :
‘branches into a character transfer loop sequence not previously

- mentioned,

Pour circuits of the character transfer loop are made. resulting

 in four character transfersto or from (input or output) successive

_character positions of the B register, and four BRST signals. Each

produces a T strobe which, in conjunction with A, which is active

‘"ffor the whole of the four character transfer, effects the necessary

kk{action at the peripheral.

On installations using many fast standard interface peripherals,
multicharacter interface control units (WGA 16) will be
available. These will each comtain a word buffer into or from
which four characters may be gquickly transferred over the
interface. The contents of the word buffer will béytransferfed
o 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 |
bards 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 Maiﬁ Control Unit and one per Triple
Individual Control Unit: this allows one I.C.U. per card file to be

operated in the special hesitations mode.

11.6.2 Link board comnections

The link boards are shown on logic Diagrams 156 and 1810, and
with each I.C.U. operating in normal mode, the links 8 to 13 and 16

to 21 are made straight across with . no additional links elsewhere.

When a @eripheral 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 o

re-wiring the link board, one is used for ordinary and the other for
special hesitation requests. (In the case of input/output peripherals
ruﬁhing in the special hesitation mode, e.g. an 1831 display and

interrogating unit, the input and output sections will be treated as
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~ two separate peripherals). Take, for example, an unbuffered L.C.T-
1920 card punch in use on I.C.U- 2 of a WGA 18 configuration. The =

’”7*'links‘associated with I.C.U. 2 are then arranged as shown below-

+IHRO2 (R) r**" IXT

V ¢
14 g +ISPHR
' ~,
Lo/
B/ Special hesitation
bistable e

Extract from Logic Diegram 1840

 11.6.3  Operation

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
‘k 2117ﬂ to the card punch I.C.U. There it resulfts in activation of the
 . A'line and a character transfer to the punch- It should be noted

i' ithat 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 ¢ is. set by the

next clock pulsea
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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 heéitation microprogram, rather than

a data transfer. The sequence involved wes discussed in Chapter 10,

section 10.8 but briefly, results in the card 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 se% of hesitations take

place again using + PHRO and + BHSO as request and select lines until,
- all in all, the 80 (or les:) characters have been transferred to the

‘punch 12 times: once per row.

11.7 Peripheral status

M:7.1 General

InkChapter 10 it was explained how, as the result of a 170 EXM
order, a peripherél*s status could be read from the peripheral’s
special register to the computer via the 24-bit BIN highway. In the o
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 Q and P status

The various status are represented by 6-bit patterns: each bit
represents a particular status. Normal causes of interruvt, such as

end of transfer, make up a 6-bit group called Q status, and abnormal

causes such as tape low, parity, etc., make up further 6~bit groups

called P1, P2, etc., status, How many status groups there are depends
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~upon the complexity of a peripheral, but a line printer for gxample,

has only Q and P1 status groups.

~ Executive is so written that when & peripheral causes an
ﬁ7~1ntefrunt its. @, P1, P2, etu~, status are examined in that OLder.

" The most significant bit of each gro up is the OR uf all the gtatus

W

conditions in the following groups, and when aculve, resulﬁs 1nk

e

‘;,Exeoutive interrogating the next group - and so on.

There are two types of status condition: continuing and
'transitbryg Transitory status are those which can be de alt with in
i short ilmv by Bxecutive. An example of this type is an "end of
transfer”, for with.this condition, the peripheral is available for
"f\fﬁrther work almost immediately. Con iﬁuin$ status are those which
- involve a perz ipheraL in operator.action. Exemples are tape low and
'fiparity failure; in both of these cases transfer of data ceases until

appropriate action is taken.

When due to an incident, a o-ri pheral's status changes, it is

i said to go from the unset to the set 1 state. This is an interrupting
uconiitionvand Executive interrogates the peripheral in order to
 ésfablish the reason for interrupt. If the reason is transitory, then
~n after appropriate Executive action the peripheral is put back in the
unset state where it is available for further work. If, however, the

‘reason for interrupt is continuing, the pprlphezal is put in the set
2 state.

In the set 2 state the peripheral no longer interrupts. The
‘pcohdition originally cau 51ng 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
T'peripheral would remain in this state until the operatoer loadpd

new roll of paper into the magazine.

Whpn the peripheral's needs have been attended to, it is returned

'Qto the unset state where it is avallable for further use.

A1/




11.7.3 Direct status response

To avoid having t¢ ascertain the status of a peripheral before
issuing it with operational control code (such as read, rewind, etce),t
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:

1) inoperable - peripheral is unable to operate until the

operator or engineer has removed this condition,

2) rejected - peripheral is busy but can accept the contfoly J

code later,

3) accepted - peripheral will accept control code and will

initiate the operation.

- In the third case the peripheral proceeds 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.
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CHAPTER; 12

ARTTHMETIC 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 processes

are explained in the following sections. Constant refersnce to Diagram '

25 will prove useful when following operands around the registers and

 highways of the arithmetic unit.

12.2 Addition and subtrastion

12}2.1 General

- There are two sets of instructions fof addition and subtra@tion,~”
one set resulting in overflow being registered if thekanSWer exceeds
the ¢apacity of the mill and the other set resulting in carry being .

regisﬁered,

The first set are Functions O 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 O, 1 and 10, and are used for all but the most significant

‘word of mgltiple‘length'operandsn
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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 operan&sy then the second least sigﬁificantg and so on. The
necessary carries between sections of a multiple addition are
automatically stored in bit 22 of the P register from one cperation
to the next. These carries are only generated when instructions

resulting in carry are used.

When overflow is set, the fact is recorded in Bit 23 of‘the P
register, and only certain instructions csm clear it. Although a
pﬁOgram?s operands overflow, the computer carries on normally and
it is up to a programmer to check the‘atate of overflow periodically.

He can do this at any tims by the use of apprapriate ins trustions,

12.2.,2 Additiom

In all types of addition one of +the twc)opérands is placed in
register A, The other operand is brought out of store and placed on
the K highway coincident with the content of_fegister A'being placed i
on the L highway, The mill outpubt is then routed to the B register

and into store,

It is arrvanged that the address of the second cperand 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

bask on the store write opesration.

12.2.3 Subtraction

To arrive at the negative value of a signed binary number, the

number can be inverted and one added te it.
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Example

22

0101102 | 10

i

Inverting 101001
Adding ™" 1+
101010,

(=32 + 8 +2), 4
= 22,

-This technique is used in the computer for subtraction.

In subtraction, ‘as in addition; the A register is used to hold
one of the operands. The A register has both a normal and an inverse
outﬁut and fo 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

input,

In a multiple length subtraction there may be a "borrow" in
the carry register. The next partial answer to be formed must, as
a result of this, be made one less than it would have been had the
borrow not been present. This is accomplished simply by not adding
MU £o INV A. ot

f2°2ah 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 mills output, it

can be used to detect overflow.
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COMill o

o ~ Mill

bits 2% 23 22 21 20
- 1 0 0 positive
1 0 1 positive
0 1. 0 A0 1 éppafent
1 0 1 négative
1 1. % 0 0 negative
10 1 o "1’3ap?aren£'

In both the above cases the answers +o the addltlons are too

reason is known‘as the true sign bit.

When the frue SLgﬂ blt differs from the a“tuax 51gn b*t (B23)

digits in the control unit.

12.3 Multiplication

12.%.1 General

!

In multiplication 24 partial products are formed by multiplying oo
together the multiplioan&'and,each,separategdigit of the multiplier.
Taking into accqﬁnt their relative significances, the partial products

are cumulatiyely added to form'a'running‘total as the operation proceeds.‘

With a nevatnve mu‘tlpller tnp partial prcduct formed hy multl—
plying the multiplier by the mu¢tipllcand‘s sign bit is nega+1ve,; nd

is subtracued from the sum of the 1955151gn1f10ant part;al productso

12/l

The.foilowing two addiﬁions‘may'ciarify'ihé £e9hﬁique uséd. o

input

input

'input 

‘input.

big for the mlll to handle' and the carry from bit 22 has a#tered the

.sign bit. Ml‘l 24 however always shows the ‘correct slgn and for thls

overflow has occurred and 15 derectea by a cumparlson of these two i ,  b

negative answer

positive answer




The instxructions used for multiplication are the OLO, Ok1, and

"0L2 instructions.

| The 040 instruction multiplies the content of N by the'gontent_‘
of X and places the double length product in X and X + 1.

The O41 instruction multiplies the content of N by the content

of X and produces a double answer to which a "{" 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 OAZ_instruction multiplies the content of N by the confent
of X, adds the content of X + 1 to the least significant half of the

product, and mdkeq the answer available in X and X + 1.

120302‘ Multiplication overflow

Overflow can only occur when the fraction, -1, is squared.

12,3.3 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 L~bit rather than 24-bit operands, illustrates the movement of

~  operands in the arithmetic unit during a‘multiﬁly instruction.

‘Starting conditions: n(mltiplicand)is fed to the A register,
' Jc&miiiplier)is fed to the P register,
i (normally 2i) is fed to the N register,

the B register is cleared.

The number L (24 in practice) placed in the N register is used

to count the number of partial preoducts formed.

. s s .' o - N
Take the miltiplication 0101, x 0010, (i.e. 5,0 % 20 1010)
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k 12/6

Pl.s. (least Mign¢f¢0an digit of P) recorded and P shifted
one place right. Mill 1.s. transferred to P m.s, (mos®

significant).. Mill transferred direct to B register.

- Previous P l.s. examined and cleared. As it was a ™", A is

added to B (i.e. this partial proaua? is 1 x 0010), P Les.

recorded and P shifted omne place raghtq Mill 1.s. transferred

to P mes. Mill output shifted one place rJght into B reglster.,

Previous P l.s. examined and oleared, As it was a "oU, A ds
not added to B (i.e. this partial product is zero)., P 1.s.

recorded and P shifted one place right. Mill l.s. tranéferred

to P m.s. Mlli output shif't one place right into B register and

A ubﬁracfp& from content of N.

Previous P l.s., examined and cleared., As it was a "1", A is

added to B (thls partial product is 1 x OOﬁQ) P-l.s. recorded

and P shifted one place right. Mill l.s, transferred to P m.s..
Mill output shifted one place right into B register and ™"

‘subtracted from content of N.

Previous content of N was 2, indicating that sign bit of multiplier

was in P l,s. Previous P l.s. examined and, if a "{", partial
product A + 1 formed and added to partiel answer. In this case

P l.s. is not a ™" and & + 1 is not added to B. P shifted one

plagce right. Mill transferred direct to B.

Double length answer in B and P registers.

The content.of B and P is then trensferred o X and X + 1.

=




0000 8 0101 L&
0010 |A
000 Mill
0000 |B 0010 L
0010 |A \
0010 [Mill )
0001 |B 000 4 3
0010 |A
0001 |min | \
0000 |B 1000 [ 2 |
010 |a ‘
010 |mill
1 B 0100 1
0 A : ’
04 |mi1l \
, B .
0001 0{0 10 .

‘This position not
used in double‘

- length numbers.




12.4 Division

12@24‘»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 is stored in accumilators X and X + 1 and the

divisor in store 1line N. A single length dividend is stored in X + 1.

The answer to a division takes the form of a single length
quotient (rounded or unrounded) and a single length remainder, the

quotient being placed in X + 1 and the remainder in X.

Division is carried out by a different method to that normally

The method

O
Lo}
=
Q.
153
§__Q
D
=]
o)
S
Lo
o
o]
@
e
=3

employed when working out a division

is that of non-restoring and is illustrated by the following examples.

For the sake of simpiiaity9‘ L-bit words are used in the
examples, the computer carrying out sxactly the same steps using
24 - bit words. The double length dividend is 7 rather than 8 bite in
length. Again this lines up with the computer, which in multiple

length working doss not use the sign bitv of other than the most

t

ignificant word.

12.4.2 Nunmerical examples of the division method

In 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.
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. 1) 2% = 5 and 4 remainder.
2) %% = ~4 and ~1 remainder.
3)‘ﬁg& = =5 and 1 remainder.
; -5
L) =29 = k4 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 ﬁ%Q = ) and -6 remainder.
-5 | .

'In order to adjust this type of answer a' check is made when the
* divisor is newatlve to ensure that the divisor and remalnder are not

equal, If they are, onp is. added to the quotient and the’ remalnder ‘
is made up to zero prior to the answer being wrltten to accumulators

Xand X + 1. ’ | ' . |

EXAMPLE 1
Divide 29 by 5 " di.es . 0011101
| o 0101
Bits 6543210
Quatient>fg ’ 0101 \
0101 0011101 - Shift up the divisor to the same
‘ 0101 ‘ © order of magnitude as the dividend
PR1 1110101 (multiply it by 23).and subtract:
The answér7(PRﬂ) is negative so
. 0101 x 23 is bigger than the
0101 e dividend. Put 0 in Q3 (bit 3 of
| | . quotient). Now add 0101 ¥ 2° to
PR2 0001001 PRI, PR2 = dividend 220101

-+ 2 00101
' = dividend -22.,0101

e . 12/9




PR is positive so 22,0101 is
smaller han the dividend i.e.

there is a 4 L0101 in the

- : : . dividend so put in Q2 (= 2 )
0101 - . Now subtract ? 0101 from PRZ.

PR3 . 11149111 : ?%;mzw@tmech mowls
ulvger than PR2 i.e. there is

no 2 .0101 in the leldend

Put O in %1‘,
o _ 0101 + ‘Now add 2 0 01 to F?}
CPRL 0000100 . eme=mre-2'.0101 « 20, oqoq
S | = pr2 - 2°,0101

PRL is positive so 20 040?fi; .
cmaller than PRZ 1a@ There lé a ;‘
2 00101 in the leldend S0 put |
1 in Q0. ' o

Answer 0101 and 0100 remainder PR, is the remainaér o

The last step of adding the divisor (0101) to PR3 while

determining the value of Q0, will not always give the trﬁ
If Q0 is a "' the remainder is correct, but if Q0 is a "0“,The

remainder will be the complement of the true remainder with reapeci tO

the divisor. This is because in the zase when Q0 is ZBCO; thc addltlva/

subtractive process has, as far as the remainder is concerned, been

taken to far. This can be remedied and in order to arrive back at the

true remainder, the divisor is added to the apparent remainder, PRi,

- EXAMPLE 2
Divide 27 d.e. 0011011
-7 | 1001
Bit 6543210
' Quotient 1100
1001 0011011 - i
1001 o Shift up the divisor to the same
CPR1 1100011 i order of magnitude as the dividend
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i 11001

O PR2 T 1111111
111001

PR3 0001101

1111001

PR, 00004110

1111001
True Rem. 111111 1

PR2

(multiply it by-23) end as it is-
negative add to it the dividend.
The answer (PR1) is negative so
'23°ﬁ001 is bigger than the

dividend i.e. it will not go ,

into it. Insert a sign bit at

Q3. o v
Now subtract 22.1001 from PR1. ,
Note that the sign bit of 22.1001
is extended. .A :
dhdﬁmﬂ.+23n001f22JOm
dividend + 2.0
PR2 is negative so there is no
22.1001 in the dividend. Put 1

i

i

in Q2 in order to reduce the

quotient (which is negative) by

22,

Now subtract 21.“100’1 from PR2

PR3 = dividend + 2°.1001 - 22,1001
| =2 oo

dividend + 2'.4001

i

PR3 is positive 80 21.1001 is
smaller than the dividend and gees
into it. Put O in Q1 in order to

increase the quotient negatively
4

by 2 .

Now adﬂ“20,1001 to PR3. PRL is -

the same sign as PR3 so 20.1001

is smaller than PR3 and goes
into it., Put 0 in QO in ordér
to increase the quotient
negatively by 20.

As Q0 is zero take process one
step further and add divisor to
PRY in order to arrive at trus

remainder.
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Answer is -4 and -1 remainder

’J12.4,5 The rules in non~-restoring division

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 in a division by following these ‘

same rules.
© Rule 1 = formation of partial remainders

84 fous . i e Subtract divisor
EAGE GHE RSN = sign of divisor

- partial remainder (suitably shifted)

from previous partial

remainder.
sign of previous ' Add divisor
v o P
partial remainder # ERE e divisor (suitable shifted)

to previous partial -

remainder.

' Rule 2 - formation of the quotient

If the present operation involves subtracting thé divisor
(suitably shifted).from the previous partiél remainder and the new
- partial remainder so férme& is different in sign tcéﬁhazmeviOus partial .
remainder, insert‘a zero in the quotient. If the signs are the‘same,

insert a one in the quotient.

- If the operation imvolves addition, reverse the rule.

Rule 3 =~ formation of the remainder

If Q0 'is a ™", the last partial remainder is the true remainder.

If Q0 is a "O", add the divisor to the last partial remainder in .

order to arrive at the true remainder.

3
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.

The computer makes, its decisions at each step in a division by

following the above rules.

412.b.h Operand movement in the érithmetiq unit

The following example illustrates typical movements of operands
in the arithmetic unit. The quotient and remainder for the division

5  23/5 finally end up in Registers P and B prior -to being stored away.

Starting conditions: = the divisor (n) is read into register A,
‘ the dividend (x and x + 1) is read into
registers B and P, _ "
L (normally 2) is read into register N.

The number fed into the N»register is used to count the number

of operations in the division process.

. The B register has an additional bit position which is normslly . -
- used for the store parity bit. During the division process, it is '
-used at each‘stage inlthe division to store the sign bit of the

previous partial remainder.

-5 addition to’this,‘an ektra bistable is used to hold the

”'quotieﬁt bits prior to their being fed into the l.s. end of register P. i
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1. The operands are placed =35 shown and the content of B is preqont R 5

at the mill ocutput. 'Sign bit of divisor (4) anﬂ lelaen& (B)
are compared. As they are egual, set A -~ L and 1 to mill @t

next stage.

2. A 5 L set so subtract A (25 x divisor) from B. Ba‘ﬁ'MB

4 (51?n of previous and present partm&l rbmalnder) and B«A is sat,ﬁ;
so put zero in QUO at next stage. As A3 % £ M3, set A > L at -
next stage. Shift mill and P left onto B and P. Note that P2

goes to P3 and BO,

. ' e . 2. v N
3. A -3 L set so add A (now effectively divisor x 2° because B is

shifted left) to B (PR1. B4 ¥ M3 and B+A is set, 50 put one iniff' f
QUO at next stage. A3 = M3 so set A 9 Land i > mill at
next stagu. Shif+t mill, P and QUO left into B and P. ‘

- 5 T ‘ = 1 ST N R
A > L set so subtract A (Div x 2 ) from B (FR2). Bh # M3 and
B-A set. so put zero in quotient at next stage. 43 # M3 so seLHI

A > L at next stage. Shift mill. P and QUO left onto B and P.

5. A 3% L set so add A (Div x 20)‘ +5 B (PR3). B4 = M3 and B+A

" set so put one in QUO next stage. Computer senses one in

- register N and now proceeds on different lin es in order to
finish off the process. ohift P and @ left onto P but shif't mill‘

direct onto B.

6. Shift P and QUO left onto P.
P now cohtains the quotient and as PO is a one, B contains the

remainder. Had PO been zerc, the divisor would “e added to the

content% of B in order to arrive at the true remalnder‘
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CINVAto L-
A to L 1 to Mill

N

e

oy

P Quo
Blol oot || 1o '
A 0101 - |
Mill 0011
B|o| 0011 101
A 0101
Mi1Ll | 1110

S—

B |1 1111 110 0
A 0101 ‘
Mill 0100 ‘
B O] 0100 01010 1
Miil

B 0101
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12,4.5 Division overflow

Overflow in division is detected at the following four points.

s .

1. Before the division prcper starts, the divisor is

tested for being non~zero. -

2. At the beglnnlng of Lne lelSlOn process the modulus of the .
divisor .2 2. (1aea shifted 23 plabps to: tke m.s. end of the

&1v1dend) is ‘checked for helng great than the modulus of

the a1v1dendﬁ EhLS is dee by Gh@mklﬂg +he sign bit of the  w ;

dzv;d@nd a:alnut the s“gn hlt oi the flrbt partlal produut,ffﬂ

, 2 : 13 )
5. mi ils ﬂ1V1ded by “]” the aHQWEF LH‘Z 3 and
ovprflow qhould‘be aeﬁ,

this case besause the flrof partlal Memalud¢& becomes zern

&oes not dowevor d eQu

which is different in 51gn tg the dividend and so passes the.
- test.

This case produaes an infermediate answer of the type whers
the remainder 1s equal Tc the quofleaf and one must be

added to the quotient in order to correct for this.

When one :i.skad_ded;a the quotient,is changed from C1111 -~~~ 111
te 10000 ~=~000 and overflows, overflow being detected at
this point'in the prooess.

L. When rounded lel%]On (045 1anrunulon\ is carried ouf 1ods

added to the quotient 1f«thekrema1nder is equal to, or gre

, e : &'rounalng
ig 01111 =~-111 then oyerflow will occur when the rounding
factor is added. Such an overflow is detected at that stage

in the process,

\

The types of' numberb proqu an thls conaltlon are

1x1 - 18] 'WL lxl e 18]
lxl RRY

& being the smallest non-zero number.




12.5 Charaster conversion

12.5.1 Decimal to binary conversion using the O43 instruction

A group of B.C.D. (binary coded decimal) characters as input from,
say, paper tape must be converted intc 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..i.

The 043 instruction multiplies the content of X: by ten, adds on

: nj, and places the resulﬁ‘back in X:. The address of nj is specified
by the N-address and the counter medifier, M. The following example

illustrates the arithmetic method used.

 Example: Convert the B.C.D. number 000111, 000010 (72,,) to binary

‘Take 000111 - ) 000111 = = = = (a) 7,4

Shift left {2a)' R 0001110 My |
 Shift left (4a) - 00011100 28,
Add a R 000114 T
Answer is 5a - 00100071 ' g;;;,
Shift left (102) 001000110 7o
Add next character o 000010 _ 240
001001000 | 2

Fractions are interpreted as integers by the 043 instruction and

when converting B.C.D. fractions, it is necessary to divide the binavy

wic r : : N -
result by 10", where r was the number of B.C.D. characters in the fraction.

12.5.2 Operand movement in the arithmetic unit

The following example shows the movement of operands in the arith-

metic unit when the B.C.D. representatiocn of 72,. is.converted to binary.

10

It is assumed that 000111 (?%O> is already in X: and that the B.C.D.

characters, 000111 and 000010, are characters O and 1 of address N.
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Yo Select address N and read character 1 to mill

2. Read previous mill to P one place left, Read X + 1'to’B’to’f/}‘H
Mill. (X + 1 contains 7).

3, Shift . ‘place left and transfer prev;ous M22 to PO. Shlft
- previous mill left onto reg. A Put Zero in A23 Dlglts 5h1f
into PO will eventually be addea to m.s. half of the double :
length binary number bemng acoumula?ed. ’;ransfer A,(Zﬁx 7)¥t
mill ' ‘ '

Lo f Shlft P one place left and transfer prevlous M22 to PO. Shlftf
- previous mill left onto A veglster. Put zZero in A23 :
A(4x7)mB(1x7)mmﬁL

© 5. Trensfer mill to A direct. Transfer P to mlll Sl add 1 1f'v
previous M22 = 1. (in this case M22 = 0 so don't add 1)

6. Trensfer previous mill to P and then transfer A (5 x 7) to mill "

e Shift P one piace 1eft and tranbfer prav1ous MZZ to PO
~ Shift previous mill left into A register and pqt zero 1n Aij
Add A (10 x 7) to Pl~7 (Character 2

8. Transfer previous mill which now contains binary 72,t6 B,

and put zexo in 523, _ Transfer P to mill and add 1 if' previous
M?z - 1' o . SRR B ¢ . g U 0

9. Transfer previous mill t@ P and wr ite B (blnary 72) to
' aecumulator X + 1.» e i Sy
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000111 | 000010 | 00000 |{000000 | B
. i —

=4

000010 | M
|

3

000100 , 000111 | B

000111 | M

M22
J/

01001000

000411 | B -
o 1 001110
v 001110 | M

'EE‘-—...\‘

.

M22

i R S

o

00| 010000 ~ | |o00111
V" Tot1100| &

100041 | M

R RN 00{ 010000 | | 000111 | B
| £ R ‘ 100011 | A
., 00/010000 | M

. S

B

00| 010000 ' o 000111 | B
100011 | A
100011 | M

T I
000100000 ‘ ‘ { 000141 | B
RN o V 11000110 | A

Pl 11001000 | M

' 000{ 100000 0 ' -V 11001000

000|100000 | ¥

Y000 [100000 | 11001000 |B




The stage hau now been reached mqer& the original content of
X +1 (blnany 7} haﬁ been r@pia“ed by binary 72, any overfBow from
X+ 1 baAHg hel@ in PO-3%, The content of accumulator X is now‘read."
out and the process r@peated from 5&&@@ 3 onwards. WNo character. is
added in during this second half cycle as it has already been |
added to the l.s. half words of the double length number. Any
,cwmfbwfmm'MQld“h@&wmﬁ;q,hmmwwzpmsmﬁinrwﬁﬂwﬁ
P and takes up the same pos lthﬂ,aﬁ did the- oharaater during the
firs% cyole of events. In the same way thab the - character was .
added to 10 (X + 1) at stage 7, the overflow is added %o 10X.

At the end of the second half cycle, the content of“register
B is written ¢nta accumulator X and a check is made to ensurp thdﬁ

there are no ones in P03, If thera are, overflow is set.,

12.5.3 Binary to decimal conversion using the 047 instruction

Beflore results are taken fyrom the computer it is necessary to

 camvart the pure binary content to binary coded decimal characteré;”

Binary integers can be converted by a continual proness of

dividing by 10, the remainder at each stage being a vharacter.

mamrﬁ%ﬂ&mh.m@uﬁhadlﬁ%mmtamwmmhamimm‘ o
continually multiplied by 10, The integral 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 043 instruction
and, as this is faster than a division process and th@ hdrdware

 already exists, this is the method used.

All numbers to be converted from binary to decimal must be in a
fractional form and it is necessary to reduce integers to frastions
. by dividing by 10% before a conversion is carried out. (r is the
mumber of decimal chafacters in the binary integer) Thﬁ‘érithmeti@
process 1nvolved in the 0n7 1nq+ruetlon is 111uatrate& in the V

following @xamplese
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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’(Aa) RATRR 11.0
Add a o 0,110
Answer is 5a LR 11,110
Shift left (10a) 2 111.100 ;
Extract integral part, 111, as first binary coded decimal
character s . , '
Take fractional part 010 == = = = (b)
 Shift left (2b) . 1.00 |
- Shift left (4b) E 10.00
Add b A _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 is zero so the conversion is completed.

1l

110, = A, 101,

7210

1

12.5.4 Operand movemsnt in the 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
pla¢ed in address N. The movement of operands is much the same as

with the 043 instruction, the main differences being:

1) there is no character to read from address N so the
first step is omitteds ‘
© 2) there is no character to add to 10'(X + 1) so that step

is omitted;
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the end of the process is different and rouﬁes the Lontent
of raglster P, which contains the integral part of 10

(X and X + 1), intc store address N, - The character

the contenta of register B are transferred to accumalators
X+ 1 and X as with the 043 instruection, but in this case

they are the fractional part of 10 (X and X + 1)

* position taken up is determined by the value of the 1ndex ‘:7.’}.,-‘

part of the 1ﬂutTﬂQleH;




CHAPTER 13
" THE FLOATING POINT UNIT

13,1 General

Floating poxnt arithmetic enables’ the computer to handle a wider

| range of numbers than is pcssmble with the fixed p01nt arithmetic des-

e cribed in Chapter 12. The floating point number is represented by an

5 argument (a signed fraction ) and an exponent (a signed integer)o A
1floating point operation involves argument arithmetic, exponent arith-

‘;‘ﬁetic, and normalising of the resultant argument and eXponenta

The three ways in whloh floatlng p01nt arlthmetlo canlbe carried

 out in the T:C.T. 1900 series are:

1) by Executive, _
Q)i by a library routine, ’
3) by hardware (the floating point unit)e.

Floating point operations may be accomplished by either of the

"f firﬁt two methods on the 1904 machine, but the 1905 and 1909 are fitted

 with fleating 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
e clock function reglstery control bistables and mlcroprogram9 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—normalisedw&ivisicn must lie in the range

.0 < Quotient < 2.




The unit works subtonomously so that the central machine is heli
up only if a further floating point instruction is called for when the
unit is still busy with a previous one. Under these circumstances ‘che
‘Waltlng time would be only a few microseconds and no interrupt is
necessarys. The central computer clock, while being nominally 1us in
period, is slqﬁed down for read, write, and read pause write store
operations. in order that such variations do not siow down floating
- point operatmcns, the flsatlng point unit has its own clock which runs
- ‘independently of the een&mi machine clock when floatlng point. opera,tlons

are being performed.

13,3 The argument and exponent arithmetic units

The 5rgument and. exponent arithmetic units are shown on Diagram
27 end 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 te 37 and AO to 48 respectively, bits 38 and 39 being taken‘up by the
two overflow bits of the argument mill,

Registers FB and FD, and theyexponent mill, each have a single
overflow bit, the prefix ¥ being used to differentiate between registers
and highways in the floating point arithmetic unit and those in the

central arithmetic unit.

The units are loaded and unloaded via the SOUT and BIN highways.
For purposes of loading and unloading, the floating point arithmetic

unit is split into two halves, upper and lower, the demarcation line

e appearing between bits 12 and 11 of the argument unit. First there is

“,an exchange between store address N and the upper half and then between

‘store address N+1 and the Tower halfe
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N

. floating - ] , .
4 o A oint ~~da argument exponept
argument bits 1h;to 37 Gvgrflow bits 0 te 13 | bits 0 to 8
. v o
o N
e 8 ) Y =
i
‘ | , exponent
argument unit (38f bits) - Joverflow unit {9 bits)
57 R T L 0 59 48 .. 40
”‘-h~—;—u—upper half= vlaﬁer half

‘13,4 The floating point unit microproesram

Diagram 28 is a block diagram of the floating point unit micropro-

gram, Floating point dinstructions on machines with hardware units are

‘called G28 orders and such orders lead to the flcating point misrcpro-

gram rather than to macro-instruction entry.  Exceptions to this rule

“are the 130 and 131 instructions which are macr0minstraatimns handled

by Executive in all machines {see Chapter 8).

. Preparation of order at the top of Diagrem 28 is done in the central

machine as 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 is already engaged in an arithmetic

~operation the signal BUSY, which is always active for the duration of

floafing point unit arithmetic operahiogs,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 fleoating point microprogram causes the function and X-

~address to be gated into the floating point unit F and X registers and

their velues determine the rest of the microprogram sequence,

 Functions 6 and 7 (load and unlcad) result in the exponent and
fv

~argument arithmetic units being loaded from store or unloaded into the
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store wasp stively at the adaﬁes% N: and exit is mads from th@ pre~

parati@n/laam;u ioaded ﬁequence to the end of order sequence.

Fumﬂﬁiﬂns 2o By b or 5 result in the second operand of the pair
needed for an arithmetis mparat on b~¢po loaded into the exponent and
argument arithmetic units, and exit is made, at FST, into the arithmetic
gequence approprigte to the funcition. Wnile the floating peint aridti- :
metie ssquence is being executed the central computer carries on with #
Purther instructions. Should a further 528 order voour during the
time that the floating point unit is engaged in the present order,
cverwriting of the content of the flcating point unit igvpravented‘By;

a bistable which is set at the time of FST and produces the signal BUSY,

When a fleating point arithmetic cperation is completed the norma=

o

iise sequence is entered; at the end of this, the bistable producing
the signal BUSY is reset and the normalised answer is avallable for

@lth@r a further arithmetic cper&tlon or an unload 0peratlon.

Operands used in the floating point unit are taken from the store
address N: specified by the N-part of the-instruction. The preparatibr
i/le%d/un¢,ad misroprogramn sequence gives rise to control waveforms both
j’ the floating point unit and in th@ Penfral maching and the sequence
makea access to addresses N and N+ so that the 48-bit argument and
exponent can be load@d or unloadsd from Jha flo?ﬁlng point unit via +he

SOUT and BIN highways respectively.

1%.5 Addition and subtraction
ﬂ:ﬁcSu/l General

Bafore two floating point numbers can be added or $ubtra~*ed they
mist be expressed in terms of the same exponent, The two sxponents
are compared and the argument of the smaller sxponent shif‘ted down by
a number of places equal %o 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.

13.5.2 Addition

The operands are loaded in by a 136 ihstruotion followed by a 132

“dnstruction. The first operand is loaded into the FA, FB, FC, ¥D, and
¥E regiéters and the second into the FA and FE registers, so leaving
 the first operand in the FB, FC, and FD registers. The exponent in

TE is subtracted from that in FD and. subsequent actions depend upen

g Examples -
- Argument . Expdmeﬁt,
0110100 0 - Difference between ex?onenﬁs is
o 0101000 o1t 2, 50 shift argument of smaller

AE ' exponent right by 2 places and

e add argumentéﬁ '

L . To0110100 101

L © oootoi0 101 ‘

i 8 o 0111410 ~ 101 * Ansver

t “’;' Argument -Exponent

! 0100100 ot Diff&rence‘betweenAexpanents is

1 0110100 ot zerc so adds One bit overflow -

‘ ‘ ' occurs and the answer is converted :,,f
| o 1011000 011 }nto the correct form by the nor‘A‘
i Jee : ‘ ~ malise sequence.

s
| ,

the difference.

1)  FD -~ FE =0 add arguments directly.
: 2) FD -~ FE > 37 ; " answer is the operand in FB and FD.

- 3) | 0 <FD -~ FE < 38 shift argument in FA right by
) TD ~ FE places and add argumentss

S . | - | o135




L) O3> FD - FE > - 38  shift arguments in FB right by FD -
, o ! FE places and add arguments.
5) FD - FE < = 37 . answer is theAeperan& in FA and FE.

In cases where the exponents are equal thé answer is aoaurateg'so
rounding, when specified (FX0 = 0), ounly takes place when an argument
is shifted. - If the bit shifted off the end by the final shift is a

M, 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'h

of bit 2 of X. With X2 = O the second operan& is placed into FA and FE, ‘

~with X2 =1, into ¥B and FDs The content of FA and FE is then sub-~ ‘f
tracted from that of ¥B and ¥D by the same process as addition except"'
that 1 + FA is added to FBe Alsog in case 5, the operand in FA and

FE must be negated to provide the answer.

13,6 Multiplication

The argument and exponent of the product of the two numbers xe2"

m Tt
and y.2 18 xy.2 .

ia@cx’ \ ‘ {Xazn) <ye2m> = : X;Yog o

The 136 and 134 instructions place the multiplief in FC and FD ,
and the mul*iﬁlioan& in FA and ¥EB. The exponents are added at an early':
stage in the operation and ﬁhe fnnal exponent prior to normallslng is 7
stored in FD. FE is used to hold the partial product counter as was S
register N in the 040 to 042 multiply 1nstru&tlons, and the product 15'
built up in FR and FC. | .

The method of multiplying is simiiar'ﬁo the sequence des&ribedfin
Seetionvf2030i except that the multipliér,ié considered 2 bits at a

timé;in order to speed up the process; that is 19 rather than 38 partial

13/'6




Badl 0

_being added.

: products are formed and the cumulative sum of the partial products is

given a double shift right pricr to each successive partial product

"’iExample
0101 (51!
/a A%
0110 (%o’
e 0000i010 SRR ,5' f'first partial product is 10 x 0101 ;
00010100 ¢ second partial product is 01(00)x 0101
00011110 (3010)' " Answer

Examination of Diagram 27 wili reveal that gating of the mul%- .

- iplicand from the FA register is restricted to FA, 2FA and ~FA (i.e.

i FA +1 ). .As this is the case, 3x mulﬁiples of the multiplicand

must be obtained by devious means: ~FA is subtracted from the sum of

the partial products ai the present stage and then, by means of carry,

FLA is added at the next . stage to give -FA + LFA which is 3FA,

- Example

0101 ";ﬁ(Bﬁo):'

0111 (7,0)

1111011 ’ © first p.p. is ~1 x 0101 and set carry
00101000 - ©second p.p. is 1 + carry. (=10) x 0101

L \ Z N ‘
00100011 (420)

When -the multiplicand is negative the multiple for the last stage
is ebtained by treating the m.s. two bits of the multiplier as a 2-bit-

~

signed integer (+ carry is set).
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Example

Mo (5,0)

iﬂiﬁ (ﬁ5ﬂg>

11111011
11101100

11100114 (mzsﬁg)

i T ———————

first p.p. ds =1 X 0101 and Set carry

second p.p. is =2 + 6arry (= «1) x 0101

When4thé most significant two bits of the multiplier have the

value 10 and carry is not set, the multiple needed is ~2x. As with

the %x case there is no gating to‘accomplish:this directly, and again

it must be tackled by other means. At the end of a'multiplyfgequencégj~

the product is always given a final single shift right and this feature o

is used to obtain the «2x multiple: -1x the multiplicand is added fo

- the sum of the pérﬁial products and this has the same effect as adding

=2x prior to the single right shift. This manipulation is effééted by

Example
401 2
0101, quo)
1001 (“740>_
01
0101
0101
1011
1144 61 o T

setfing sarry when the last miltiple is_m2x.}

first p.p. is 1 x 0104

m.s. multiple is ~2x so form no p.p.

at this stage but set carry
sum of p.p.s given last double shift
finel single shift right ‘

as carry is set, add " multiplicand




13,7 Division

‘The argument and exponent of the quotient of two numbers

x.2 and y.2" 58 (xfy). 2" L
Aioe@ ’ Xugn = x gn”m
vl ;

The 136 and 135 instructions load the first operand into FB and FD,
‘and the second operand into FA and FE. Which of these contains the
- dividend and which the divisor &ependé upon the value of bit 2 or X

(see function code summary in Chapter 8).

eTha,division process 1s that of nonwres%oring and the division

sequence is much the same as that employed in fixed point division.
The main differences are that in flcating péint division dividend,
divisor’ana quotient arguments are 38-bit numbers and, except for

~ rounding purposes, the remainder is ignored.
Normalised arguments lie in the ranges,
% ¢ fraction < 1 and —% > fraction > ~1,

This gives quotient argument renges, prioyr to normalising, of
< quotienﬁ argument < 2 and -2 < quotient argument < —%;

i 1

Answers iying between l 1.0 Z and i 2.0'] lie outside the range of

i

38~-bit argumentwand cause a one~bit overflow (called pfovisional over-

©

- flow) which is stored on a bistable and corrected for by the normalising

: sequence. Division using non-normalised operands is somewhat restricted

in that Quoﬁient arguments whose moduli are greater than 2 produce. over-
flow. o ‘ |

Barly in the division aequenca.the exponents are subtracted and
. their difference is stored in FD leaving FE free to accept the séquence

counter. As each partial remainder is formed, 1 is subtracted from the

'content of FE qntil,‘when it becomes zerc, the division end effects

sequence -(formation of the true remainder and quotient, and rounding)
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The end effects are dealt with in the same way as are

is entered.
those for fixed point division, the -ouly added complication being the

effect of provisional overflow on rounding.

X

¥

Reunding, when specified by bit 0 of is @arried out by the

f'low has not ocourred,

division sequencs in cazes wheré one~bit

and by the normalising sequence in osses Wh%ﬁ@(if has ocourred. This

(g

5 decided by the remainder,

[N

is because in the farmer cas. therxounding i
and in the latter rusu by the least 5ignificant bit of the quotient

=2 off the end as a result of the normalising correction

fore s bit overflow. Exeept for pﬁrp@ses of rounding, the remaindsr

of the argument of a floating point quetient is not used.

Diagram 29 is a flow disgram which covers both 1 the flxad and float-

%

ing peint division sequences.

13.8 Nommalising
15.8.1 General

s e LU

A1l floating point arithmetic operations arve terminated by ‘the =

normalising sequence, and the ncrmelising procedure depends upon ths
type of operation just performed end the form of the argument and expon-
st at the time of ewntry to the normalising sequence. This may take

four forma:

8 ) zero arguunent,
b) normalising required,

G ) one bit overflow,

3 Fa

d 33* sfactory final form.

After the argument has been normalised the sxponent is tested +o

"alls dn the range 256 > exponent € =255, The normalised .

gnsure that it
floating point is then aveilable elther for transfer to the core store

or for further arithmetic operations within the unit,




4
e

130802 Normalising after addition and subtraction

“a)  Zero argument - addition and subtraction

~ On entry to the normalise sequence the argument is on the
argument mill output and if all 4O bits are zero the argument
- and exponent registers are clearede A "1" is forced into .

bits 48 and 49 of the exponent making’it -256 in valueo

b) Normalising required - addition and subtraction

When bits 36, 37, and 38 of the argument are equal and the
argument is noﬁ'zerc, normalising is required. Bits 35 and
36 are checked and the argument is shifted/dme place left,
1 being subtracted from the exponent. If bits 35 and 36 were
unequal when checked, the normalising action is finishe&; if
they were equal the process is repéated until the argumént has',

7;“béen'shiftéd into the normalised statee
¢) One bit overflow - addition and subbraction

When argument bits 37 and 38 are unequal, one bit overflow is
indicated (refer back to second examples in section 13.5.1),
The argument is shifted one plaoé right and one is added to

the exponente
d) S@ﬁisfaoﬁony‘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

l (FX1 = 1), no normalising action is required.

- 12;803 Normalising after multiplication

a)  Zero argument - multiplication

On entry to the normalising sequence, the m.s. half of the

‘4product is in register B and on the argument mill output,
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" and the™l.sthalf is in register FB. If the mill output is

zero the¥l,s¥ half of the product 1s transferred to register

B, and ~37 1s added io the exponent to correct for the effect-
‘ive 37-place shift from BG to FB. The content of ¥B is checked
for zero as was the previous content, and if zero, the action

is as for additian/gubtractiono If it is not zero the result,
if,not'already normaiisedﬁ is ﬂormaliséd regardless of the {

state of TXi.
Normalising required - multiplication

Normalising action for “oih sihgle and double length arguments’ 

is identical exéept for the 3/-place shift already describéﬁ  ;_  fk
when the m.s. half of the ?rodudt'argument is zero. In both  ‘ 
cases the content of FB is centinually shifted left and the | :
exponent decremented as in addition normalising, é ﬁest being  f'   

made of bits 35 and 36 of FB at each stage. The content of FC .

is also shifted left at each stage, FC 36 being transferred toi¢[f  5~
"FBO. | '

When FB 35 and 36 are unequal, the normalising shift is finie

shed and rounding, if specified, is carried out when FCfBB«iéi,

""", Rounding may cause one-bit multiplication and this is

dealt with as an addition.
One~bit ~ multiplication

Correction is as for addition with tﬁe added éomplication that  '“k
if rounding is specified, unity is added to the argument priorj 1if'
to the single shift right. Rounding may cause a further one- i

bit overflow and bthis is treated as for addition.
Satisfactory 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, if so, correction is made for it




~in the normal manner. Otherwise the action is as for

addition.

13.844 Normalising after division

‘a) . Zero argument - division

As for addition

)  Normalising required - division
 As for addition

- ¢)  One bit overflow - division

 One bit overflow in diviqion is indicated either by argument o
bits 37 and 38 being unaoual or by prov131gnal overflow set
»but not by both of these conditions (special case°'see sectlonzﬁ

" d)» The action is as for multiplication.
‘,d) Satisfactory final form - division

Except for the special case hmentioned in c¢), the action is
as in multiplibationu The special case, where both argument
bits 37 andv58} and~pravisiona1 overflow are set, arises as :
‘a result of dividing a positive dividend by a negative divisorx;
of equal magnitude (answer mf) This combination produces

an answer whlch is alrea@y correct and requires no normallslngo"

13,9 Exponent test B R | )

e When the argument is non-zerc the final exponent is checked for

~underflow .or overflows

The conditions of underflow or overflow are usually detected by
examlnlng bits 48 and 49 (true sign bit) of the exponent: these ars
"OW and "1" for underflow, and "1" and "O" for overflow respectivelys
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An exception to the rule is when the final exponent is less than
=512« This can only happen when operands with exponents of the appro-
: priate extreme values are multiplied or divi&eﬁg resulting in an expon~-
| ent, before ncrmalisingy of equal to or greater than -512. Such an-
_exponent may become less than ~512 when its aygﬁmeht is normglised,
such Valﬁes resulting in a "% in bit 48 and a "O" in bit 49. This

would be interpreted as Qverflgw were it not for the fact that on

the expohent, and the state of this bistable is used to differentiate

between overflow and the extreme cases. of underflow.

When underflow has occurred the pr@@edur@ is similar to that for

- zero argument normglising as any number with an exponent of less *han

unit's overflow bistable and, when an unleoad order is gmveng P2§ﬁ1uvthe

central arithmetic unit is set.

13,10 End acticn

The final answer is placed in all thfee argument registers and both
~exponent reglstersa and regis ters FX and FF are cleared. The.busy

blstamle is then reset in order that any further G28 orders may plU»bEQ

0

entry to the normalising sequence, a bistable records the true sign G

~256 can be considered as zeroc. Overflcw is set up on the floating polnt

- and thf fleating point unit clock is stopped until such crders are given.

-
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TYPE OF STORE| READ/WRITE | AVERAGE APPROXIMATE | COST PER
SPEED ACCESS TIME CAPACITY WORD
. | L LIMITED BY
MICROSECONDS OSE
CORE STORE ECONDS | MICROSECONDS | 1 16 severaL | HIGH
, PER WORD PER WORD ,
THOUSAND
. MICROSECONDS | SEVERAL
DRUM PER WORD FOR | MILLI— SO000 oS Low
PARALLEL DRUM | SECONDS
o 1/2" TAPE
60 MICRO — MILLI — e
MAG. TAPE SECONDS PER | SECONDS TO Lok U ROl VERY
| WORD MINUTES SEVERAL Low
| ‘ ' MILLION WORDS
’ MICROSECONDS | HALF DELAY ONE TO
! :
e ELAY LIN et SEVERAL HUNDRED | MEDIUM
| e PER BIT LINE LENGTH -
| WORDS
FRACTIONAL FRACTIONAL 1 BIT PER 2 | VERY
~ = VALVES OR
BISTABLE MICROSECOND | MICROSECOND LVE HIGH
: TRANSISTORS
40 MICRO — | ' SEVERAL
DISC FILE SECONDS PER ‘::g(')ém';“ MILLION ngv
WORD ; WORDS ‘ |

DIAGRAM 9 TABLE OF SPEEDS AND CAPACITY OF DIFFERENT TYPES

OF STORE

TRACK NUMBER 8 7 6 5 4 3 2 4

VALUES P 643216 8L4 2 |
O O ) (o]
DIAGRAM 10 .4 909 - oy !
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COMPUTER PERIPIHERAL
PROGRAM UNI©
TS P1 P2 Pol P1 P2 |
card ]
o —. . lreader TDIITD2 TD3
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e GG, GITAN GHHE. CrESS D emos b

RIS RS emem

i
v o | e dosmon @ fen Qs < ]
g e} eoaen ey eofeves | Seomonn o S
3 i
A% . ,

A

e

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
Pl entered '
Pl starts card transfei‘: 1st of pair of cards.

P1 suspended waiting end of card read; TS entered.

3

P2 ertercd

P2 starts tape read. Read one block from TD2.
P2 suspended waiting end of tape read; TS entered.
P3 entéred. . '

TD2 finished; P3 interrupted and TS entered.
P2 entered because it is highest priority
available and updates information from TD2.

P2 ends updating, initiates write to TD3.
P2 sgtarts 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.

Pl 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. 1

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 and TS entered.
P1 entered: highest priority available. Compiles

information off cards into form suitable for mag. tape.

TD3 finished; TS entered; fact recorded.

m 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 soon...

Timing Diagram for a computer in Timé Sharing

Diagram 11




< ~,
DATA AND ADDRESSES | >
i . 1 : o
' CONTROL ! .
' ARITHMETIC | PARITY
> 0 < TEST
OPERATION UNIT ,
CONTROL b
TO B REGISTER
, “
CENTRAL .
CONTROL | Y A
uNiT | '
PRESENT CONTROL £
poETTING __ IMICROPROGRAM
‘ SEQUENCE
< 2
NEW CONTROL GATES
SETTING '
HESITATION REQUESTS &
CONTROL SIGNALS )
s HESITATION § DATA TO & FROM
CONTROL I PERIPHERAL CONTROL
‘ ‘ BOXES
HESITATION NTERLOCK
SIGNALS
PERIPHERAL ?
CONTROL . D
{ .
9 PERIPHERAL ¢
CONTROL !

PERIPHERALS AS
REQUIRED

BLOCK DIAGRAM OF CENTRAL COMPUTER
DIAGRAM 12

e




3

PREPARATION
OF ORDER

&

FHR

(.

i

]

SHORT
ORDERS

CoH+—

23

FUNCTION

AND
ILLEGAL

I ORDERS

(5

ORDER

Q

L

VERY

LONG
ORDERS

CDED

HESITATIONS

HR

V.

NOTES.

FHR INDICATES BREAK
POINT FOR FAST
HESITATION REQUEST.

HR INDICATES BREAK
POINT FOR ANY
HESITATION REQUEST.

Y ; ﬁ*‘
| HR
MEOY <
L .
END OF
ORDER
MHES)ol HR
0
INTERRUPT.
NG YES
/ \-——> SWITCH TO EXECUTIVE.

BLOCK

DIAGRAM OF MICROPROGRAM. DIAGRAM 13.




[+ MRN1 | FIRST a) Starting conditions: assuming no hesitation request or interrupt, end of order produces
5 T CLOCK +MRN1 which primes control bistables N — SAD, Read and B — K.
BREQD b) At first clock: read, N — SAD and B —> K bistables set. N contains instruction No.
e PREPARATION —_—
OQSER c) During first digit time: waveforms +MSP1, +CDL1, +MSP23, -MSP2, +MEP1, -MEPI1
( GO=7 EXM ¢— g?o.f,-}" ‘] 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
- coLd MSP{ + MSP23
f—MSPZ‘——l F @ r;;m ‘—] r. ” Bl:-} / instruction read from store (READ) to register B and K highway (B — K). Bits 12 - 23
FOR-,-c(;E SN DL ‘ . IB._LE:(T ‘NB.LK \ inhibited (+MSP1 and +MSP23), gating N-address only to K. Datum gated onto Lhighway
FXM Gov"" 2-(O-F23 12-14 i15-23 (CDL1). Mill output will be datumned N-address. Function, and accumulator and modi-
- dier address forced onte ¥, X, and M registers.
( ( , ¢—60v2 a}' F24 d) At second clock: mill output Q (datumned N-address) strobed to A and N (+MEP1) and
[ —MEepP | [+ mEPt ] [+ MR2 ] [+ MNJ 15 | [+ MBK& | sgconD N — SAD, Read and B — K bistables set. SPM (control bistable contained in micro-
T T T T - T CLOCK program to generating certain microprogram waveforms) reset.
RESET
SPM Q-=AN READ N=-SAD Bk 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-
G0ov2 G2 (F0,2,6,v7 forms +MRP4, +MBKI1 generated by READ, INV SPM and function; waveforms MXDJ1
v YV g f F13.5. 7 ~ generated by READ, INV SPM, function and INV PH. PH, a bistable in central control,
::310 PV fulfills similar function to SPM.
[+ Mx DJT___ [+ MRP4 | ﬂ___——-)- mMek | THIRD f) At third clock time: mill output Q (opera‘hd n) strobed into register A (Q — A); bistables
Q-+ A CLOCK | EXECUTION Read/Pause, XvD —> SAD, B — K set.
XyD+SAD| - |READ B~ K > OF i;; ‘
PAUSE ORDER @) During third digit time: datumned X—addx;ess applied to store (XvD — SAD) and operand x
( A O read out (READ/PAUSE) to register B ai)d K highway (B — K). Waveform +MALI1 generated
T i P22 =1 by READ /PAUSE, INV SPM and function, and n gated onto L highway (+MAL1, applied to :
GO,4vi0 G0,4,v10 : ,f
of1,4vs FO,&A’VS collector or control bistable A — L, forces bistable to set without necessity of a strobe
+ MALY + cvBo pulse). n now on L input to mill, x on K input. If this is part of a multiple length addition
Ao L there may be a carry stored in bit 22 of register P, from less significant additions. CYBO,
generated by P22, READuPAUSE, INV SPM and function, puts a '1' in 1. s. carry input of
22:;;‘2) A mill. +MQB1, +MXDJ1, +MTOVR generated as a result of READ/PAUSE and function;
G3 60,210 G0,1y10 +MALL generated as a result of READ/PAUSE, INV SPM and function; +MW5 generated as
Giz2| FOv2 612,703 FO-3 & g
— -7 ’!__ —_ I — — —_— a result of READ/PAUSE, function and INV PH,
+MQB1 + MXDJA4 + MW 5 + MTOVR FOURTH : .
i -o-- TTTTwRre VT T CLOCK h) At fourth clock: mill output Q (x+n+carry) strobed onto register B and bistables Write,
Q=B [x‘\",o-»sm) P~rK S'EFT(;VO;R P — K, CYBO, XVDV —> SAD set. Bistable POVR set if overflow conditions exist.
cyBso . . s oer gs .
/ i) During fourth digit time: datumned X-address applied to store (XvD — SAD), register B's
HM Fi72 ' \ content (x+n+c) written away (WRITE). Register P's content (instruction number) gated onto
( hgd — Q . K highway (P — K); CYBO puts a '1' into . s. carry input of mill. Mill output will be
mEor ] = MEGT FHRV , ‘ FHR v [+ MHESO ] instruction no. +1. Waveform +MEO derived from WRITE and function; +MEO1, -MEO1
SLHR. . ) ,
g SLHR NFIBIT derived from MEO. +MRN1 derived from -MEO1, INV H.R. and INV INT. POVR gated to
PC+Q22 POYR+Q23 NT v ‘ INT RESET END Q 23by -MEO1 (POVR —> Q23); PC (carry bistable output) similarly gated to Q22. PC zero:
CFF - ] L _ | Exm 'E-j(,qv | HM | o P?DFER 001 instruction produces overflow not carry.
( ~ ( [ l ) j) At fifth clock: mill output Q (instruction no.+1) strobed into register P and N (@ — P,
— — —_— — — ' Y- — e Q — N). Bistables PH, HM and Suspend D and L reset; bistable SPM set. These bistables
+ ME - RP3 + MEO _ ! ~
MEO | ___ R:::—: - __|_*¥MEO | [TMR"‘_]__- [+ ™ —l__-- o -_g:-':)?“( reset automatically at end of an order as a 'clearing up' process. Whether they require
Q—+P SDEL Q—>N RESET / resetting depends on order and any he’sitgtions just completed.
PH,PC,POVR HM Process now returned to stage b ) and new instruction executed.
CLEAR
F,X,M
THE OO4{ INSTRUCTION MICROPROGRAM SEQUENCE (UNMOD!FIE;D)‘ ” DIAGRAM 14




HESITATION REQUESTS HESITATION REQUESTS
FROM SLOW PERIPHERAL FROM FAST PERIPHERAL

CONTROLS CONTROLS

ot B

ol £} © Of ~| o

Tl x| * et Bt e

ol af o o] <] «]-

T{I| T -
e Il = :
- , A
H L

[ IR 2R \ v )
OR
o)
[12]
o | "

\% \% 5 70 ns. \ 4 Y %
Y DELAY
‘CESS ¢ 7
NOR ‘ NOR
A B
CSBO - ‘ - lcss1
- . N

@R @R QOR A “[&)R ‘@R “‘@R
N ' AN
o ) A M A v
J . w
\ J - y
v vy \J Al V v
HS3  HS2  HSt , HSIO  HSH1 . HSt2
A\ g v [ " ’)
HESITATION SELECTS TO HESITATION SELECTS TO
SLOW PERIPHERAL CONTROLS | FAST PERIPHERAL CONTROLS

|

: | HESITATION SELECTION SYSTEM
: " o f (SIMPLIFIED)
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' ~~{ WORD MIX ey HESITATION
| , CSLHR CONTROL.
‘ | | HESITATION —#| INPUT_MIX ===
CFHR SELECT
( 1 . > CARD_MIX__J-——
: SYSTEM  fpnsn] BENM
CHM_| CONTROL
WORD Y
>  ADDRESS
e GENERATOR
|
| PHR.N .
i s
| PERIPHERAL ARITHMETIC UNIT. STORE.
CONTROL  BOX
« CLs20 | L aooress or
- CONTROL WORD.
COUNTER - |
REQUEST | 3 ADDRESS + | SN 4 CONTROL WORD
TRANSFER on V4 ')
CONTROL SOUT MODIFIED
SELECTED [¢— . 1 CONTROL WORD
BHSN
ADDRESS
| BOUT -1 0R /4
DATA T <AD
Y 7V % : P COUNT 1 DATA ADDRESS
DATA : =0 | '
— 1 sin <l DATA TO ouTPUT
— DEVICE
END OF ‘
| BIN SOUT
TRANSFER ; DATA FROM
RANSFER ey | . P1INPUT DEVICE
RESETS P.H R.
BSTOP
R
Ts ST | Y e
RESET B STOP _ IF | TRANSFER TYPE - HESITATION
(WHEN DATA 15,  \COUNT Is ZERO) INDICATES SEQUENCE |
TRANSFERRED) B

FURTHER
HESITATION

IREAD PAUSE READ PAUSE
»{ WR TE -+ wrRITE

(controL worD)l | (paTa)

BETWEEN

ORDERS BETWEEN

ORDERS

p -
CHM

DURING
'ORDERS

9 AND IO B AND N
CFHR ™ .
(__CSLHR J GgNERAL MICROPROGRAM

HESITATION SYSTEM BLOCK DIAGRAM.  DIAGRAM 16,




i I 3

SPECIAL REGISTER

64

PERIPHERAL CONTROL. BOXES

PINT LINES FROM
VARIOU% PERIPHERALS

A

j‘ 4= CRSR 64

t . MsPI7
“+ MsP26
Q HIGHWAY
‘ B REG STER § @&——MWXD IO
SOUT HIGHWAY
l L J

CORE STORE
ACCUMULATOR X
SELECTED

TRANSFER OF SR64 TO ACCUMULATOR X

DIAGRAM {7




REGISTER N

— CNB

f HIGHWAY

= D G | s O D O
[ : ]

[oecooe=1]| | [PEconE=] |

SRn-1{f™y |

BIN HiGHWAY

______ , MSP 17
MSP 26

Q HlGHWAY

REGISTER B L‘a‘ MWXD 10

 SOUT HIGHWAY
L - 4
CORE  STORE
ACCUMULATOR X SELECTED

’DIAGRAM I8 TRANSFER OF PERIPHERAL SPEC!AL REGISTER

T TO ACCUMULATOR X
‘ DIAGRAM (8




REGISTER

N

-CNB

BAD HIGHWAY.

Rl | | SR n iﬂ(

g p— s
| DECODE » |
|
!

i

4

DECODE n%-l T

I |

BOUT HIGH WAY.

55

K HlGHWAY

! J ot
=

SIN HIGH WAY

CORE STORE

ACCUMULATOR X SELECTOR.

MEXD I3.

TRANSFER OF ACCUMULATOR X TO PERIPHERAL

. SPECIAL REGISTER T
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-— ===
| TAPE TAPE , | uP TO 12
_; DECK DECK . | | IL TAPE DECKS
T ! N e T
I | |
| | | , |
1 : 1 1 \. I
| ‘ ' |
A | | . i N
I
I UNIT UNIT UNIT UNIT I 1 UNIT
i CONTROL ‘1 CONTRO CONTROL CONTROL I CONTROL
1 L L___T___PER DECK
T‘I V |
| |
I N
I |
by L !
s A ‘ LA L
\ \ . | y. y. | |
S . : . [ —
——— . V. DU
B - i
CHANNEL CHANNEL . CHANNEL UP TO 3
CONTROL CONTROL CONTROL CHANNEL
V CONTROLS
' BOUT, BIN AND HESITATION CONTROL LINES
, , " BAD ~ CENTRAL
COMPUTER

"MAGNETIC TAPE CONTROL ESYSTEM. DIAGRAM 20




COMPUTER

(BOUT 0-7)

(BOUT 24)

(BIN 0-7)

BIN 24

ES)

(
(Hs or Es)
(
(BOUT 8 & ES)

( BRST OR ES)
(FREEZE)

HRI
(i)

HRO
(BSTOP)
(PINT)

NOTES:
i, EACH LINE IS A
TWISTED PAIR

2. MANDATORY LINES

<

75 ~WAY CABLE

1DENTIFIER OUT

o e o—c— a— ; — — — von—

s ax— E—— — v— — - —— — — — ———

————— DATA, CONTROL, OR — &
I | [EE—— T
B '+

DATA, CONTROL, OR
IDENTIFIER IN

PERIPHERAL

SELECTED
44— CONTROL CHARACTER

FAST fTIMING RULES

TIMING STROBE
GENERAL RESET

*iﬂiii

HESITATION REQUEST  ———i—
INWARD OR OUTWARD s

+t—— IDENTIFIER —— — — — =
DATA IDENTIFIER ~— ———{

END OF TRANSFER —_—

INTERRUPT

POWER SUPPLIES OK

—T—————— POWER SUPPLIES OK ———

3.LINES NOT NEEDED FOR
ALL PERIPHERALS —— ——

STANDARD INTERFACE LINES (SCHEMATIC)

No

® - < ®

Hi

DIAGRAM 22




COMPUTER INTERFACE CONTROL PERIPHERAL

lLc.u.

INTERRUPTING

PIN
= CONDITION

INTERRUPT BAD

| . CONTROL CODE
DECODER 4 |

ON Do_

SELECTED BY
EXECUTIVE

TRANSFER
REQUEST ESNL

+ 7

EXECUTIVE ' " r

RESET STATUS

IDENTIFIER
ON Do

CONTROL OR
IDENT. CODE

BAD

174E RESPONSE

ORDER

171 PART

N l ~ \INTERFACE

']

TS

CEN |’ NOTE:

UP TO 25 I.C.U's MAY BE
CONNECTED TO ONE C.C.U.
AS CONTROL OPERATIONS ARE
MUTUALLY EXCLUSIVE ONLY
ONE 1.C.U. NEED BE SHOWN.

BOUT
170 PART

¥
INHIBIT 1 TS

Qi

TRANSFER OF CONTROL INFORMATION OVER THE STANDARD INTERFACE
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HESITATION A INTERFACE CONTROL

neer PERIPHERAL
ROL
| lL.Cc.u
g‘d’!mfmgﬂ HRo [ 2ms L INWARD R REQUEST
HESITATION HRI | D\%LAY 'I “ ouc')remao TRANSFER
, . REQUEST | WITH ] N R DIRECTION OF
; ' LACTIVE N1 | HESITATION TRANSEER
HESITATION HSO | A | _ISELECTED FOR
SELECT ( TRANSFER .
HSI ! I T | L{RESET FOR
, 4 [ NEXT HES.
| L | ITeErRMINATE
- - | . TRANSFER
o L ' Di | JoaTA iN,0R DATA
l é : , IDENTIFIER
',lt — Dol »{oaTA OUT
7 ~ 1 | NG DATA IDENTIFIER
1 \ & e 7 T 7T 7 CHANGED :
T
— ¥ (?z)_)‘ ' Nol »iSEND DATA
| DATA 1 } l IDENTIFIER
(DENT | ; | /
‘REGzSTER 1 | INHIBIT |
MULTI CHANNEL 1———-(-——1 1\
DEVICE CONTRO -~ : ‘ 2m S
HAD M
WORD ADDRESSL____.__ - ——( y DELAY
L < 17
' N | N INTERFACE
c.c.u
RESET BRST a TS, : NOTES! .
PERIPHERAL N~ GEN ' I UP TO 251.C.U's MAY BE
CONNECTED TO ONE C.CU.
END OF BSTOP . i AS HESITATIONS ARE
TRANSFER \&) = ‘ MUTUALLY EXCLUSIVE, ONLY
— 1 | ONE [.C.U. NEED BE V
T mix 2 DOTTED PORTIONS
M1 ARE INCLUDED FOR MULTI-
1 CHANNEL DEVICES ONLY.
DATA ouT [|BQUT Bo
REGISTER
TRANSFER OF DATAOVER THE STANDARD INTERFACE
DIAGRAM 24 -




1 ]
! [ r————" - [ ———— - !
| DISC | Dpisc | pisc | | oisc | |
l UNIT [ UNIT | | unir | UNIT | |
’ 1 L2 L boooba 3
t ——f L —2__ |
| T | i |
| 4 ) ! |
| | |
| 1 1 1
: v v Y |
t i \ ‘ !
! . \ \ \ |
| Pty o P |
I |
| |
| el G '
| DISC FILE B }
} SERIAL ADDRESSES AND DATA |
| £ ‘ {
| . |
: DISC FILE | !
| LoGic uNIT § i
o — ‘ 2 J
CONTROL  SERIAL ADDRESS AND DATA
[~ =TT S S S .
|
{ DISC FILE ;
| CONTBOL UNIT |
‘ , - , [
| BAD | BIN BOUT AND HESITATION CONTROL LINES {
| : . |
, |
| o | |
1 'CENTRAL {
1
! COMPUTER |
; , |
1 } i I
| |
| N
L e e e e e e e e e e -

DISC FILE CONTROL SYSTEM
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COMPUTER

(BOUT 0-7)

(BOUT 24)

(BIN 0-7)

BIN 24

s)

(
(Hs or Es)
(s
(BOUT 8 & ES)

( BRST OR ES)
(FREEZE)

HRI
()

HRO
(BSTOP)
(PINT)

NOTES:
. EACH LINE IS A
TWISTED PAIR

2. MANDATORY LINES

9

-T————— POWER

75 ~WAY CABLE
\
~+——— DATA, CONTROL, OR
- Lo Lo
] IDENTIFIER OUT g
______ [ O — £
\ 4+ e ——— ] 2>
——————————————————— ‘l"']
\

DATA, CONTROL, OR
IDENTIFIER IN

<+ NP
[ — __
1 -
SELECTED -
——— coméov. CHARACTER -
4———— IDENTIFIER — — — — — - .
— — — DATA IDENTIFIER — ——— -
FAST TIMING RULES —
4 riMinG sTrROBE o
J  ceneraL ReseT .
HESITATION REQUEST
j:———— INWARD OR OUTWARD  ——f—
44— END OF TRANSFER S .
- INTERRUPT
POWER SUPPLIES OK g

3.LINES NOT NEEDED FOR
ALL PERIPHERALS —— ——

STANDARD INTERFACE LINES (SCHEMATIC)

SUPPLIES OK —-—-—I—

PERIPHERAL

> Do

&'Di

®

@ - < @

Hi
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COMPUTER INTERFACE CONTROL PERIPHERAL

I.C.u.

PIN INTERRUPTING
( = CONDITION
INTERRUPT BAD CONTROL CODE
DE 4 ON Do
TRANSFER CODER
REQUEST ESh_____ SELECTED BY
i 7 EXECUTIVE
EXECUTIVE e »| RESET STATUS
# IDENTIFIER
4 ON Do '
BAD
CONTROL OR
‘ DENT. CODE
174 € RESPONSE
ORDER
8 4 &
171 PART ! , !
N i T o - INTERFACE
— N | c
N | "
T 5 |
‘ BOUT GEN > | note:
170 PART INHIBST Ts UP TO 25 I.C.U's MAY BE
N CONNECTED TO ONE C.C.U.
\— O | o c.c.u. AS CONTROL OPERATIONS ARE
, X ;, MUTUALLY EXCLUSIVE ONLY
| ol 5 — e ONE 1.C.U. NEED BE SHOWN,
B |
( ' @ °° i

TRANSFER OF CONTROL INFORMAT,IO’N OVER THE STANDARD INTERFACE
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HESITATION ; INTERFACE CONTROL PERIPHERAL

CONTROL
lL.c.u
b INWARD OR YA 1 INWARD REQUEST
2 m S 5 R R
agmﬁ'?oo: DELAY :ﬂ-—~ OUQrF\}JARD TRANSFER
REQUEST WITH ] J DIRECTION OF
L_ACTIVE Nl__l HESITATION TRANSEER
T A SELECTED FOR
HESITATION }
SELECT : { TRANSFER
x T | JIRESET FOR
€ I NEXT HES.
| | L | JITeERMINATE
- s l TRANSFER
it e A5 ! 2] DATA IN,OR DATA
; [ : IDENTIFIER
,lt B Dot pipata out
N | | N DATA IDENTIFIER
\ & e——| —-17-—[—-(*- "‘“‘_‘lCHANGED
T
~___ | (&)— —! Nol dsenND DATA
“ DATA 7| , | \/ IDENTIFIER
RE“G’tES:ER . INHIBIT :
MULT! CHANNEL =22 ] ° oy
DEVICE CONTRO§ | N | S
WORD ADDRESS fa {HAD_ 1 __ ¢ &) | DELAY
e
: LY \INTERFACE
I— c.c.u
RESET 1 _BRsST o) (rs. | NOTES: ;
PERIPHERAL LEN | : I,UP TO 251.C.U's MAY BE
CONNECTED TO ONE C.C.L.
END OF BSTOP 2 . AS HESITATIONS ARE
TRANSFER VA ‘ & \ MUTUALLY EXCLUSIVE, ONLY
‘ & ; ONE [.C.U. NEED BE
DATA , &7 ! 2. DOTTED PORTIONS
MIX ARE INCLUDED FOR MULTI-
= CHANNEL DEVICES ONLY.
o}
DATA OUT !
 REGISTER

TRANSFER OF DATA _OVERE.THE STANDARD INTERFACE
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DIRECT K HIGHWAY

M HIGHWAY MILLOR ADDER ff

(24 B|T$) | L HIGHWAY
R T \
SHIFT ‘ ; (- )SHIFT '

’ LEFT RIGHT

(——DO—'BOUTP

(TO PERIPHERALS) -

A REGISTER |
(2aBITS) |

~ ein=e(~] o HiGHWAY

A
o )—
()

FROM
- \PERIPHERALS

SIN

1 A sIN CORE
STORE

B REGISTER J__
(24 81T8)  F

@)

souT
L HIGHWAY

SHIFT LORR
| P REGISTER
' (24 BITS)

SIN HIGHWAY o o ; (__._/
: , "~ SADOR J

DATUM
(9 BITS)

L

T
./

)
J

RESERVATION
/ - CHECKER

Lt
(9BITS) .

COUNTDOWN'I"

# BAD

N REGISTER
(15 BITS)

JSAD OR J

O CONSTANTS

J AND CONTROL
WORD ADDRESSES
FROM ~

PERIPHERAL
CONTROLS

THE ARITHMETIC UNIT
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CENTRAL

: ARITHMETIC
FROM CENTRAL o D
MACHINE F & X ;, '
REGISTERS e ;
ARGUMENT EXPONENT

ARITHMETIC‘; | ARITHMETIC

OPERATION CONTROL
i |

CONTROL UNIT

INSTRUCTION CONTROL SIGNALS

FLOATING POINT
MICROPROGRAM

BLOCK DIAGRAM OF FLOATING POINT UNIT
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SOUT

SHIFT_RIGHT 2

SHIFT RIGHT 1 CYBAO

ARGUMENT MILL
(40 BITS)

FL HIGHWAY
| BiL.imadi Ve

- L . . . . - ’
. - L
r
.
[

FA REGISTER

(38 BITS)
FO HIGHWAY L ————————— K HIGHWAY
| FB REGISTER : FBFK
- | (39 BITS) T (-

FC REGISTER
(38 BITS)

«  SHIFT RIGHT 2 Ll ~BIN

o oHIFT LEFT 1

N EXPONENT MILL

(10 BITS)

FP HIGHWAY FO HIGHWAY

FE REGISTER

FD REGISTER
(10 BITS)

BIN
@

‘THE FLOATING POINT UNIT ARGUMENT & EXPONENT ARITHMETIC UNITS,
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1 NOTE.

‘ : DOTTED LINE ENCLOSES
" PREPARATION OF 5 PORTION OF MICROPROGRAM

ORDER ~ CONTAINED IN FLOATING
; POINT UNIT.
628 -? ’ . |
- —a

MEO

i,
FHR
_J/ PREPARATION LOAD/STORE j
BUSY M >

' T el 2

UNLOAD LoAD | r——p——————- o i) HESITATIONS

EP UNIT EP UNIT] ! [seT |
: BUSY |

il s |® e
‘ : F2,34 |
R 5 .
| > , ! I
6&9 | FST {

[ . ‘ |
! PR !
| S b -
I , ,
, <l>- F2v3 a)- F4 é— F5
|
I
|
|

€
@
@

END ’
OF :
ORDER

{;.

INTERRUPT

© | @
G -
:

|
I
|
|
i L
|
NO YES | @

- : NORMALISER
SWITCHTO . | '
EXECUTIVE

| - NOT NORMALISED
1 |_BUSY ANSWER

[

L

I
I
]

s —— — — — — —— — —— — wo—— . o ‘e o woon.

FLOATING POINT UNIT MICROPROGRAM SEQUENCE.
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