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LTLAS PRORZRAMMINIG ZXZERCISES

L INTRODUCTION

witn the ATLAS provisicnal Programming Manual CS 348, Tiie
relevant cnapter of the manuai is indicated at the Zeginninz of
eacn set of examples.

These exercises are intencdee to ve usew in cenjunction

Scluticns tc the examnles have Lteen proviced viere tacse
were cconsicgercd necessary. In many cases trere 1s more tnan
cne possible solution, the solutions providec shoula therefore
be regarced only as guides.

2, HOTES 0ii SOLUTIONS

Any workinc space useG in the store must bDe acuressecd.

The entry point of eacih sclution should pe indicated by
an arrow anc an aacress.

The contents of any acdiress arzs cenoted Ly taat adaress
enclesed in rounc bracikets.,

Thus 11.4 refers to address 1li.4
(11.4) refers to the contents of address 1i.4

A1l examples are incependent unless specificalily statea
othierwise.



3.2

ns (see chan. 2).

'«' represents a floating point number Lield in 509.0
Similarly y = (510C)
z = (511)

1) Place x in stere line 50C.0, y in 501.0, and z in
502 .0'

’

2) Place -x 1 line 500.0, and clear (i.e. set to
zero) store lines 509.0 and 510.0.

3) Replace x by y, y by -z, and z by X.
4) Celculate 2x - y and leave the result in Am.
5) Put 17x - 12y intec line 512.

6) Replace x by xv, v by vz, and z by zx.

7) Write x2 + y?2 + z2 to line 500 and x% - y2 + z2 to
line 501.

§) Compute (% - y)3 anc write the result to line 512.

) Leave in the accumulator the guantity -(x - yi(y - 2z)
(z - %),

10) Replace % by y, y bv
z

, and z by X.
y

PR N

11) Compute X - v and place the gquotient in line 40,
y - 2z

12) GZvaluate =(x - y)(y - z){z - X) ancd leave the result
in tiae accumulator

(%2 + y2 + z2)

13) Writédfg'in plac
y

14) Write (x2? + y2 + 22 + 2xy + 2yz + 2x2) into store line

of z.

[N

22(xz + v + z)2

S-register operations (see chap. W).

a represents the contents of naif wora 5i0.4%
Similarly b = (511.0)
and ¢ = (511.4)

1. Place a in B8l, b in B2 and c in 33.

2. Flace a in store line 512.0, b in 512.4, and ¢ in
513.0.

N



3) Place 2L in b1, 35 in B2, and 7b in B3,

4) Replace a npy a + o + c.

5) Renlace b bv 2 - 5 + c,

6) PReplace a by =-b, o by =-c, anc ¢ by -a.

7) Calculate 4{a + b) - 3¢ ana leave the result in B820.

€) Write 11.4 to 31, (1l.4) to 52, and -25 to B3..

3.3 Common extracocde onerations (see chap. 7).
Suppose x = (10), v = (11), z = (12) are floating point
numbers. Store any constants recuired. :
Place in store line 13 each cf the following.
1) 1x -yl
2) 7 tan X
3) arctan (1 + integral part cof x2)
4) (k2 + y2)72
4.> MODIFICATION COUNTING AND TESTINN
4.1 Set I (seé chap. 4).

1) Place 0, 1, 2, 3, ..., 39 respectively in the nalf
words with addresses Au+i, i = 0 to 99.

2) Compute in the accumulator the product of the n
fullword numbers at successive adcresses from AlOQ,
where preset narameter P26 has been set to the value
n(z2). '

3)a.The full words Al7+i, i = 0 to 13+P17, contain half
word nunbers xi, yi, wiere xi is tue left half word.
Place the sum xi - yi in half word A49, assuning
P172-13.

b.Place in B6 the address of tune first full word such
that xi = yi, assuming P172-13,

L) Add to the accumulator the full word numpers stored
at adcresses 0, bb, 72, 78, ..., 114,

5) lear the half worcas with addresses 1D1, 3Dl, 6D1,
i0P1, 1501, ..., 4950D1.

6) Replace bS5 by b52 and b6 by (b6)2P7, P7 _.ing < o
ive integer-valued parameter. Place 1 + [bl/b2]

in half word A6, assuming &, # O.

osit-



7) Suppose that nalf word AB*i conEainJ ail, » = 0 toun
Compute agx+ta;x?+a,x¥ ... #NTLvhere ¥ is con-
tained in Bl2 andé n = P41(>05

8) The consecutive nalf words uveginuing at A77 Lold
several numbers less than P13; count them in B30,
stopping when the address of such a number becomes

greater than ASO (3477

9) Among tne consccut ve full words beginning at AL3
there is one wi.ose left half word contains its own

acdress., Place tre adaress of this full word in 590.
10) Place the sum of ai/bi in AlQ0. wnere ai, bi are 100
nalf word numbers stored consecutively from Al and
£2 respectively. Finaily, nlace the integer part
of that sum in 33,
4.2 Set II (see chap. 4J.

Any constants required such as & zero in the clearinc
operations of Croup A, should be stored and labellied.

Group A

1) Clear the 10

O
2]

'-J

full worcs beginning at address A3.

2) Clear the k full woras Leginning at address Sy wiiere
preset pararmeter P7 = k and Sy is stored in 31

r\)

3) Clear the k- (i = 1 to 10) full words beginnin: at
Si, where the ki are positive integers stored in
censecutive nalf words freom Al, and tie S; are full
word addresses stored in consecutive nalf words fronm

AQ.
4) Beginning at “alf vord A? clear tncse half words
wnlch COhtaln +1. ntil 1000 half words are clear.

Sroup B

1) Consider the foilowing schieme, definirng a 'cnain
list' containing the nhalf worc numbers ¥y ee, X%

c? 1?2 > Tn

Non consecutive Contents of Contents of
full word addresses left half worc rigint half word

2o Xq a1

ai Xy 22

L] . L

L] . L]

&n-1 Xn-1 3p

an Xn 2g

Place tne sum of the x's in the half wora A3, given taat
37 contains tne address ap.



2) Compress tne x3j, given above, into tie n+l nalf words
beginning at tue half word lebelled 412, Assurne
that the initial address a; = Al3.

Group C

Suppose that a; (i = 0 to n) are floating point numbers storec
in consecutive full words from the full word lavelled Al.

Thus a; = (iAl), i = 0 to n. Similarly, tue floating point
numbers by = (iA2), i = 0 to n. The positive integer n = P7
(preset parameter).

Place in full worc AKO the sum ¢ + ¢} + ... + cp.
2) Place in the full word labelled A3 the continued
fraction.

a0'+b0
a, *+ by
a2+.
an-l + bn—l
anp + bn
5. SHIFTS AND LOQGICAL OPERATIONS ON THE CONTENTS OF
B=-REGISTERS

5,1 Set I (see chap. 4)

l)a.Represent the following decimal numbers as octal 'Hunm-
bers in B-lines.

23

-23

P.Interpret the following deciral numbers in the
notation a:b.c

513
2000

2) 812 contains J737. Write down the contents of 512
in octal after eacih of the following series of
operations nave been performed.

a) 13%0 12 0 3 b) 1340 12 O 3-
1343 12 O 3 1344 12 0O 3



3)a.Replace b7 by its logical binary compiement
b.Place a 1 bit in 87 wherever B9 and 310 disagree.
4) Replace pits 10 -~ 13 of Bo with bits 13 - 16 of 59.
5. Add B30, B31 bit oy bit modulo 2, multiply bit by
pit modulo 2 putting the results in Bl and 52 res-

pectively. B

6. Set g o 0 i£B7 >0
21T 1if BT <0

7. Cause the sign bit of B71 a) to be 0

D) to be 1
. B33 contains a character in Lits 0 - 5. 3its
6 - 23 are zerc. Push this character into oits
12 - 17 of 5% pushing 1 octgl digit off either end
of Bu.
9. Nake bit 5 of B3O a (1 1if bl3 is odd
(0 if Bl3 is evern.

10, Renlace every other 1 bit of L&) with a 0 starting
with bit O.

}l

v
1

11. 312 contains the octal digits a
313 contains the octal dipgits &

oo
a0
O
™
o |
He

a) Replace the contents of B12 by

o
s B o2
N0
o
®
+h
oQ

) Replace the contents of 812 Ly E

o)
@]
0
i
Hy
(0]
jos

c) PReplace the contents of B12 by A

preserving bl3 in each case.

5.2 Set ITI (see chap. U4)
Group A Use only basic codes.,

1) Reverse the ovcer of the bits in B62.
2) Count in B3l tne number of one bits in 317.

3) Count in B41 the number cf half words (reparded as
24 bit non-negative integers) in blocks 40 to 50
wnich contain an exact power of 2.

4) Suppose tihat lists A and 3 of 1000 half word numbers
eacin are stored consccutivelyv from addresses A29 anc

AT7. The lists are identical except where A con-
tains a zero and B does not or where 3 contains a
zero and & does not. Repiace A with ths 1list of

all non-zerc entries of the two lists; excent wiere
botn entries are zero.



-7 -

Group B EXtracodes 1340 -~ 1344 mav be used.

The follewing exercises involve three 24 x 24 matrices whose
elements are zeros and ornes.

Matrix F is held in B-lines 1 to 24, where the ith row of F is
the contents of 3(i + 1), i = 0 to 23.

Matrix G is similarly contained in B25 to Bus.

Matrix H is held in the left half words of the 24 consecutive
full words with addresses iA40, i = 0 to 23.

Thus half woré i1A40 is the ith row of E.

1) Set F 0 {(the zero matrix).

2) Set H

1]

I (the unit matrix).

3) Compute in B8O the trace of 6, taken modulo 2 (the
trace of a matrix is the sum of its diagonal elements).

4) Copy Gt (the transpose of @) to H.
5) Compute the matrix procduct F x G ané store it in the

criginal location of C. The elements are to be
computed modulo 2.

6. ACCUMULATOR OPERATIONS

6.1 Set I (see chap, 5)

List 1
1. © 6., =250 x 2-14
2. <100 7. 1/10 (specify to 13 octal
' ) digits)
3., 125 x 10-3 8. 3 x 85
4, =279 g, =-100000 .
5. 375 x 10-3 10. 1.3

1) Convert the ten decimal numbers of List 1 to stan-
dardised floating point form, giving the result as
the number pair (mantissa, exponent), where
mantissa = sign bit. octal fraction
exponent = cGecimal integer.

For example, 4.5 (0. 44, L),

2) Store the first five numbers of List 1 in standar-
dised floating point form in full words iAl, i = O
to 4, using only B-type instructions.



List 2

6.2

=0

1) +1(:+2) 7)  +1(2)

2) +K765(:-2) 8) -K2.3(2):K1l0 N
3) -=K1l.1:8 3) u(:-2)

4) +0:26 10) =2(:3):4 .
§) =1(:=1):2

6) +0

3) Write in octal form the numbers stored in full werds
Al to Al0 by the ABL program shown in List 2. For
Example, (A6) = Jhu.

Set IT (see chapn. 3)

Exhibit the contents of the accumulator after the execution of
each of the following sets of instructions. Use the notation

ay' = J(3 octal digits) )

m' = octal digit . (13 octal digits, omitting right -
hand zeros)

11

« (13 octal digits, omitting right hand zeros)

sign 1! = 0 or 1.

For example, the instruction

leaves

3)

4)

1) + 16

324 0 0 Al s
A in the state

ay' = J002 )
m' = 0.2

1! = .0

1) =16

324 0 0 Al

1)+XK21.5 ¢ 13 )
334 0 0 Al

1) +X275.123456 0:26

324 0 0 Al

320 0 0 1A1

1) +K73:3

334 e
340 0 0 Ju



-G -
5 i) =10
3uy 0 G Al
C1 124 9] Al
i24 124 124 0

.

In problems &) onward, in addition to showing tie final state

of the accunulator, indicate accumulator cverflew {AD), exponent
cverfloyw (E0) and exnonent underflow (EU) andéd instructicn(s)
wnich caused them.

6) 1) -1

346 0 0 J4

331 0] 0 A
7) 1) =1(:-127)

34k C 0 Al

121 124 0 0

355 0 0 J4
) i) +K2 -&3

324 0 0 Al

352 0 ¢ 1AL
9) 1) -K1(:K177)

325 0 0 s
10) 1) +5 2)+1(:-24;

324 0 0 Al

320 0 0 A2
11) 1) +XK.b .

324 0 0 Al

364 O 0 Ju

365 0 0 Juy
12) 1) =1(:¢4)

314 0 0 A1

372 0 0 Al

565 0 0 T4
i3) 1) +.125(:=1273 +0

324 0 0 A7

332 0 D 1AL

360 0 2 Jh
1u) In this problem exninit tie contents of tnc store line

before and after the instruction is nerformcu

1) -1

335 0 0 &1

356 0 O Al
18) i) +1 2) -1

324 O 0 Al
373 0 0 A2



6.3

numbers a,,

*

f;oat

Set III (sec craps. 3 and 6.
In guestions 1), 2) and 3) the stancardizec flecating noint
81y esey Ggg &Pe neld in addresses 1Ay, 1 = 0 to £9,
1) Place their double le ngth floating point sum in tie
accumuliater, round te sinsle length and store the re-
sult in AE0,

2)

In

99 are

Place the intezral part of a, in the accumulator in
couble lengtn fixed “onnt form (25, int.pt.a, x §7235),

Assume that tihe accumulator holds a double lengtu
floatinz point numuer Z. Conmpute the prcduct of
that number, double lengtrn, witn v = {£90) and leave
tiie result in the accurulator.

questions 4), 5), 6) and 7) tle integers x

~

X .“’
C 9 1
stored in (¢n400) i =0 tc 93, in tne substandard

Az point ferm (12, x: x o-12),

.

4)

(63}
N~

6)

7)

1

Vorking fixed point, store their alternating sum:

Xy = X3 * X, - o.. 1in ~88,

[

Place the integral part of the cuotient %, / x%; in
A39% and the remainder in 1A399, Loth in the sub-
stancard forn. Azsume gy and %; to Le positive.

Store x3 x %, as a stancarcised cGouile length numper
in A341,1A34%1%,

VJorking fixzed point, form the quot“ﬂnt $36.29 / 48.01
te 3 octal places and store it in A303% in tihe sub-

stanrdard form (10 , x). Store the remainder in
standardisec fleating point ferm in 1A309. The

cperands sihculc ve stored Dy pregran.

2)

ACODZ FULICTIO.S (see crap. 7)

The douLLe lengtn no. x 1s neid in location 50:
The double lengti no. y is neld in location 60:
The aouulL lengti nc. z i3 neld in location 70:
The doupvle lengti nc. X is Lelu in location 10:
The double length no. Y is hzld in location 12:

a. Torm z - (z/x)y *+ z/X + z/Y¥
L. TForm |x vl + |z| in the accumulator

Two 3 x 3 matrices A anc B are stored in tite following

A D

lst rew vector is steored in 10 11 1?2 o 41 4?2
211d row vector is steored in 20 21 22 50 51 52
3ra row vector 13 stered in 30 31 32 60 61 o2

Renlace matrix A Ly matrix A + .
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w
~

The comw»lex numbers 74 and B are stored as follows

A = U + 1v is storec¢ in 50
B = x 4+ iy is stored in 60

Thie complex accunmulator is taken as 70:

.
3. Form A(5)% in tihe conmnlex accumulatoer
d. Form (1/5) + exp. A in 50:

4) Write a routine tc do the following in the order given:

& Read 160 characters from input 5 inte tne least

significant 6 bits of nalfwords starting at
location 10.

D. Pack these characters in crder into full wo’os
starting at locaticn 100.

C. Copy the first two characters of each worc
separately in order, intc B registers 31 to 340,

d. Check that each cnaracter has been correctly set
in the appropriate B register. Use extraccoce
1204.

5) A list cf 10 numbers is held in store locations 20 .
Using extracode 1436 find the standard deviation of
these numbers, leaving the result in the accumulator.

6) a. drite a routine R3 to shift the logical accum-
ulator circularly to the left by n character
positicns, Assurme that n is stored in 873
urvon entry and use 387 for the link.

L. Working in the logical accumulator arrange that

the floating point numier in location SOO hes
a zero sizn bit.

8. INPUT AND OQUTPUT OPERATIONS (=ee chan. &)

LIBRARY ROUTINES L1 and L1100 should be used anc onlv
guestions 9 and 11 should Le treatec as complete programs.

1) Reac a floating point number from input stream 1 anc
output its moculus in fixszd DC]Jt form, on a n=wy
lil’le, on cutput stream 1. The number is less than
100 and is recuired to two decimal nléces.

2) Read ten mixed numbers from input stream one to the
store locaticns starting at worda 1000.

3) Modifv the scolution to example 2 so that n numbers
are read, wahere n is an integer at tae head of the
data.
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4) Output the floating noint numbers stored in locations
550 to 577 inclusive, in floating point forr to 7
significant figures, each number on a new line.

Use output two.

5) Search tne information on input stream 2 ignoring
everything until the letter X (internal coce 7.0)
is encountered. Then read the fcllowing number to
the accumulator anc arrange that any further infor-
mation on this line is ignored.

6) Output the 20 numbers stored in word 512 onwards, five
per line, in signed fixed point form, separatec by
at least two spaces. The numbers are less than 1000
ang are reguired to four decimal places. Use out-
put stream one.

7) Innut stream 1 consists of a set of numbers of the
order 10°% termirated by -1 {(which coes not form part
of the set). Form the sum of these numbers and
print it, preceded by the number of numbers read.
End output on this line.

) How cculd the solution to example 7 te mcdified to
accept *(internal code 1.6) as the terminator? Set
any narameters reguirea by L100.

9) Read a set of 10 numbers from input strear 6. For

each number x, output x on a new line, followed by vX.

If v i: ...r7tive, vevlace /< by the letter I {(intsrnal

code 5.1). Output should be in flocating point form

to five significant figures. Arrange to separate

the exponent from the mantissa by a comma instead of

enclosing it in brackets.

10) Write a subroutine, R2, to evaluate sine 8§ anc
cosine 8 given & (in degrees) in the accumulator on
entry. Store the functions in A998 and 1A99 res-

pectively. (Use B50 for the link and make use of
the extracodes 1730, am' = sin s and 1732, am' = cos s
where s must be in radians. T = 3,141593).

§-4
*..J
h s

Use this rcutine to tabulate sine 9 and cosine 6 for
6 at 10° intervals between 0° and 180°. Print 8 as
a three digit unsigned integer and sine 8 , cosine 9
as five digit fractions preceded by + or =-. Lnsure
tnere are two spaces between eacnh number and use
output three.

12) Print, on ocutput zero, the character #. Dutput zero
is a 7 hole paper tape punch. Write out tie contents
of 381 in binary just before exit to Ll.
13. Store the text:-
TAPE FAULT @ # 7
in successive character locations in the store. Put

the address of the first character in B21 and the
number of characters in B22.
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14, In questiocn 11, assuring cutput to Le tc 7 hole
paper tape, arrange for tie columns tc be neacsd 8§,
sin 68, cos 8 resdectively.

15, Adapt the prograrm of question 9 to read a title of cne
line from irmediately before the first x on the data
tape and to print it, followec by 13 new lines, after
the last JX.

For the following examples use input and output extracoces.

16, If input £ is at the end of thie current recoru read
the first character of the next record; if nct read
the next character. Store it in the least signifi-
cant 6 bits of 3 word AlQ if it is a'siw Lit
character or All and 0.1 All if it is a binary char-
acter,

-

17. Delete all previous output 4, Write the binary
renresentation of M on 7 hole paper tape to Cutnut
4, end the record and arrange for »rintin~- as scon
as possible,

18, Read a record (not binary) from input 3 and write
it to output 5 unless there are more than 12 char-
acters. In this case write the first 12 only &and
do not end the record. What alterations would Le
necessary to end the record in the latter case with

5 new lines?

9. MAGNETIC TAPE OQOPLRATIOQ.S (see chan. 39)
9.1 Fixec Lenpgtin Transfer

1) Transfer 5 bliocks c¢f information from tape 2 be-
ginning at block 1 irnto store blocks 10 onwards.

2) Read blccks 5, 4 ancd 3 of tape 1 to store olocks 3,
2 and 1 resrectively.

3) Tour blocks of information are storec on tape 1 in
clocks 1 onwards. Transfer each nhalf word into a
separate fuil word location in the store starting
from store location 100,

4) Information is stored in blocks 1-5 inclusive in the
store. Write blocks 1 and 2 into blocks 4 anc § of
tape 1, biock 3 into bleock 7 of tape 1 and blocks 4
and 5 into blociks 1 and 2 of tape 1 respectivelv.
Tne write operaticn should be performed in the order
given,

5) Read block 5 of tape 1 into stcre locations starting
at 1: write this block back to the same bhlock on
tape 1 but reverse tnhe orcer of the worcs in the
block,



6)

7)

8)

«w
~r
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Write 10 blocks from Al to the 10 sections from that
wiiose nunber is nheld in 51, on tne tape wiicse nunber
is hield in B2 as a half word acdress (use substitution
register 3121).

Yount a tape wincse title is MERGER I.NC. TAPE 243 and
assign the number 2 to it. (tssure tnat tne title
has also been stored in exactly one section other
than section 0 by a wmrevicus program, using thoe ASL
C directive and stering the title oeginning with
word 0 of the olock in cuestion). Station the tarve
just before the section other than 0 holding tais
title in a manner wiiich will keep the tape movinr
forwvard as fast as possible.

Write a complete program including J03 descrintion

to read 4% blocks of numbers, starting at slocit 1,
from a TAPE having title XYZ - 3 into blocks 3 - 6

of the store. Find the mean value of the number

in each bloci:, write the blocks back to tne tave
having title XYZ - 4 into tplocks 1 - 4 write into
block 5 of the same tane tne mean values cof the
separate dlocxks of nurmbers in tiie correct order.

The contents of tne remaincer of block 5 are imrater-
ial.

Tapes 1 and 2 are stationed at unknoun positions P,
anc P, Reposition the tapes at sections [{P; +
Py)/2 |'. (The square Drackets indicate that the
integral part of the expression is reculred).

P,)/2|

- s from 1 to 100 to tape ?
sections |(P; + P i

e

rem tane 1 secticns [(Py +

e

| + 3 wviere j goes from 0 to 99.

Variable Length Transfers

1)
2)

4)

Search for word 173 of secticn 7 of tane 6.

Using a buffer in blocks six and seven of the store
write 750 words from A3 to the seginning of tape tiic,
prececed oy a '7' marker and followed by a 'l' marker.

As 2) hut precede information by & '3' marxer anc
follow it Dy a '4' mavrker,

a. Searcn for word 6, section 4 of tanmec 3. wnere a
marxKer 1s located.

b. Set up & buffer for reading frorm tape 3 in the
first availeble block after Ab.

c. Read 100 words to Al. Assume first string aes
more tinan 100 worcs.

d. Read to A2 until & narker of orcer > 3 is en-
countered.

>, Pead &n equal number of words to AS3.

f. Read not more than 200 words tc A4, stoppinz iF
a marker > 4 1is encountered.

~
Ko
i
«
1



5) Place a '3' marker at word 3 of plock 100 oFf taje &
without any further alteraticn of the tape. s rarker

;
alreacdy cexists at tinis pecint.

~

) a. Transfer the first and fourth strinzs ¢f information
on tapge § to ccusscutive store locations beyginning
c

2
at A2 (set up a two -lock puffer’at some convenient
point).

». Release *the puffer,

7) Fead the 100 werds preceding the present pcsition of
tane 6 to store locations 216 tc 315.

) Read the first 700 words from tape one wiich as been
written by fixed block transfers.

8) a. Read the first string from tape one.

b. Yrite 160 words from A7 onwards to tape one Le-
ginning at the fourth word of the hnunuredt.. sec-
tion, and ending with a '3' marker.

c. Read the second string from tapc one.

10) Write a subroutine to reacd a string from the present
position of tape four, assuming otier tapes are in
use in the main program. The pbuffer has been set
up by the main program.

11) Write 30 words from A7 cnwards to tape one endins
rith a '1l' marker, unless it is enpaged in fixed
cck transfers.

of the first string of tape six

12) Read exact &l

e {assume the string consists of an even
S 3\
s)

i0. JOB DOCLULELTIS (ses

: LT acings, titles anc end
of tape markers of all other deocuments, for tue
follcwing prosrans. £1% ccecuments are on separate
tanes (or stacks of carcs) unless otherwise stated.

as Job title 'MIAN CALCULATION'!
Program in A.5.L. on e
One cata tape called
Orne output stream to
of 3,000 characters.
fstimated computing time 3 secs,
Steore uscd U Dlocks.
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b, Job title 'MONTE CARLO RALLY 1962'.
Program in Lztended Mercury Autocode 'RALLY
ANALYSIS'.
Two data tapes 'RESULTS 1962'
'"WEATHER CONDITIONS'.
Two output streams:- one block to puncheq caras
four biocks to line printer.
The following magnetic tapes need to e mounteo
at the stert of tie pregram:-
Single tape: 'ELCILE SP:CIFICATIONS 1862°'.
A free tape toc be given the title
'RALLY RESULTS 1962-1967"'.
The first tape of a file consisting of two tapes
called 'RALLY RESULTS 1950-1855"
and 'RALLY RESULTS 1956-1961"',
Four magnetic tapes may be in operation at any
cone tire.
Estimated time 10 mins. plus 5 mins. tape waiting
tinme.
Store used 25 blocks.

c. Job title 'F/126/JKB 8 FE3. 63',
Program 'F/126/JXB' in A3L.
Two data tapes, one combined with job descripticn
and one called 'SPuCIAL RANDOM WUNBERS'.
One output stream of 20 blocks to be stored on a
free, private magnetic tape called '126-CLASSIFILD
RESULTS'.
This is to be printea later on § liole paper tape.
Time 25 seconds. Store required 3 Dblocks.

G. Job title 'SURVEY ANALYSIS 1u'.
Program 'SURVEY AWALYSIS' in ABL.
One data document on two servarate paper tapes,
titie 'SURVEY RESULTS',
One output strear to 7 hole paper tape cf 5000
cnaracters.
Time 20 seconds. Store required 20 blocks.

e. After d. the »rogram is stored at system magnetic
tape accdress S5/3/500.
Run ti.e program again with job title 'SURVEY
ANALYSIS 15', using cate document 'SURVEY PLSULTS/2'.

a, Store all cata for 1)b. on a free magnetic tape
which 1s to Le given the title 'DATA FOR MONTE 62°'.
Assume thne document 'RESULTS 1862' takes less than
100 sections.

b. Urite a job description to use this magnetic tape
in place of the two data tapes.

c., Write a steering tape to print the results of
job 1l)c.



G. Wnat changes weuld be necessary in 2)a. and 2)o.
if the twc cata cocuments welXe on cne tane sep-
arated Lv a *%*C marker?

Ascune the fellowing information is »rintuc
following the transfer of deta tc magnetic tapz:-

DATA FOE MONTE 'o?2 :
RESULTS 1962 1/0 61
WEATEED COMDIYITIONS b1l/413 32

Write a complete nregram including job description
etc., to reacd 10 numpbers from a data tape and finc,
and print, treir mean.

ADVANCLD PROGRAMMING TECHHIQUES (see chap. 11).

[
N~

2)

3)

4)

5)

Read block Al to the onerands side of the core store,
¢unlicate it as A2 cn tihe arum, rename Liock Al &s
A3 Release A3 To the drum anc lose A2,

-

Achieve tne same final result as 1) Ly any ncre
efficient method.

A list of numbers extencds frem location Al to

location A2. Al is the first wora of a blocx znd
A2 1s the last word of another, lilgher numbered,
block. The list may be of considerable lengta.

It is recquired to find the sum of the products cf
nairs of consecutive numbers in the iist, anc once
thiis is wene the 1ist vill not Le needed again.
Program this efficiently. Tire firal result 1is to
be left in location 210 and the possipility of ex-
porient overflow can be <X ed Set AL, A2
an¢ Al0 explicitiy for a l;:t containing 5812 x P1
numbers.

100 bloccks of main stere lapellec concecutively s£10,
A10+1:, +.... &10+89%: arc nrocessea one at & Tirs
startin 12 with' Al anc working un to ALJ+9Y: Tie
orocessing tekes azcut 10 milliseconcs and The re-
sults for any block, AlO+a say, must go to Dlock

All+n, for a1l n. Tue original block is not wanted
again after All+n L.as been fillied. Prograr tihe

nrocess efficiently for z olock alliccation of 102.

A bad programmer has abandoned a routine for evalu-
ating sin o for values of o from 0° to $0° witi an
interval tetween adjacent valiues of 0.00017857846680°.,
He has written all these values (in radcians)
secuentially into 100 blocks of tae main store

start‘ng at location 10:0. He wislies to overwrite
these arzuments with sin «. Can you finisn hLis

routinz using the oricinal list of a's and tnz store
extracodes? Tne linic is to be iix BuGC.
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11.2 Branching

N

1) A pagnetic taye with the titic '"STORE 3:SALR
coutains vecords of the szles of various ty
goods stockec Lv one store of a chairn. Ea
cf earticle has cne 5.2 word scotion to itsel”
first half-werd of eacn sectlo“ is 3, wiiic: i
code number for the store, anc tne secona nal
is a cocde word for tne tyme of article.

£ second tane, called 'AMEIDMENTS T0 SALzS RECORDS/
MARCH' contains corrections of sales information

for all stcres of tae chain, one section beins alloc-
ated per store for ecach type of article for which
aiteration is necessary. The szme ccnventioen as

the first tape is used for the first Lalf word of
cach section, which varies according to tie store
ceoncernec. The remaincer of the section, rcowever

is not in the requirea form and mnst 54 procezzed by
a subroutine RS wicse SPCCL'lCat ons arc glve- below.

3

-
Trie second nalf word of the prcocessed section will
ce the sare as that of the *,CC' it nas to replace

..Jf'

Trie secticns for one tyne of article con tihe amenc-
ments tape are grouned togjether, the crder of tynes
peing tne same &s that of the sales record Tape.
The last useful section of the arenaments tape is
followed by & section with zero in the first nalfe
vord.

Write a »rogram, using three branches, tc nmount tue
tapes on different channels and amend tiie necessary
sections of the first tape.

Specifications of RS

Link in B90

Operates on one tlock of infecrmation, beginning

at 2:

c. DProcduces a blo
tarze in Llock

d. kLntry coint at first instruction

e. Uses S-rzgisters 8.0 te 320

(W el

X sultable Tor transfer toc sales

- 11.3 Monitoring and Tran-ing

1) Arrange that the »rogram Jumds to the routine begin-
ning at location A3 when the last item nas been read
from a cata tape. If computer failure should cccur
re-enter the prcgram at the point where the faulr
occurred, after recovering the contents of tine extra-
code working registers,

2) Arrange that, if a fault other than e computer or
ape failure is enccuntered, the contents of store
locations Al+l, Al+2 and AL+3 will be printed out in
flcating point forrm to 10 significant digits on



separate lines, by a private monitor routine walch
w1ll be entered after prirnting the tyne of fault.
After the private monitor, tcrm1nate tiie program.
In the case of computecr failure arrange to repeat
the instruction on wnici the fault occurred and
continue tiie progrem.

3) Write a routine tc determine t“~ first integer K,
greater than 2, for which sin X > 1-1/X, limiting
the rcutine to no more than 5 seconds by means of the
local instruction counter. If the gearci: is
successful print the result as an integer on output 0.

4) Write 20 consecutive blocks, starting at ol
to tape 4, beginning at the present positic
tape (assuming tunat tnis is at the beginni _
bleck). If tave 4 holds all tne blocks, end tne
pregram; otherwise, place the remaining Llocks on &
'free tape' walch is allocated number § anc titis
OVERFLOW BLOCKS. Print orn outrut O trne number of
blocks which overflowed and end the nrozram.

5) Information is steorecd on tane 2 starting at t
word of block n (n is stored in 32). Every
blcck, beginning with the first, rust be re ad
store block 10: anc then processed by routine
Arrange to enter routine R5 if an *;lgcaL searci is

made or if the end of the tape is reached. flso
arrange that the program is restarted completely in
the event of & tape failure.

6) Transfer the informati in store Lliocks 1l: to 15:
to tape 99, establishing & restart point so that if
a tape failure occurs the tane will pe re-positioned
at the Levinning of the current block and the trans-
fer centinued from there.

12. COMPLLTE PROGRAMS

12.1 Example using Fixed Lenzti Tape Transfers

1,000 blocks of informatlon are stored at the bLeginning
of a tape called 'RESULTS OF EXPLRIMZHTS R357. This information
is to be processed by tie conmputer, cach block of information
producing one block of results which are tc be written to a free
tape.

t‘r

The processing is done ov a subrcutine R3, enterec at the
first instruction, which requires & linx in 53590. In processing
s5lock n, R3 uses tie results of processinz block (n-1) and it
requires block n to begin at A3 and the results from (n-1) to
begin at (A3-1:). Por processing bleck 1, block (A3-1:) nmust be
filled with floating point zeros. The results procuced wil
overwrite the information in block A3,

Processing one block will take zapproximately 1,10tn of a
second.



efficiently as possinle and drawv ur
ment requirecd, leaving & space for R3.

12.2 Lxample using Varieble Length Tape Trensfers

A magnetic tane with title 'F123/JKb/36 20/1/63' contains .
information written in variable length strings. The first nelf

word of each string is a keyword to icentify tihe information
whicn follows.

it 13 necessary to replace some of these strings by

amendment strings which are on a magnetic tape called L
'"F123/JK3/86 AVLIUDMENTS 20/2/63"'. The RKeyword cf eacn strinan [
on this tape correspends to that of tihe string which it nmust ;
replace., There is no guarantee taat the amendment strins is
the same length as the strinz which 1t .aas te replace.
. . - . . - . 3 ~a
All strings are less than 100 worcs in lenpgtn and are
geparated by a 'l' marker. The inforrmation con zacih tape Legins
ang ends witi. a '2' marker. -
Write a complete program to carry cut tiic amending -
leaving tne final result on a tnae to be entitled 'F123/JKE/386
20/2/63', anc uraw up the necessary jot description. .
*
~t’



13, SOLUTTIONS

Sclutions to Modification, Counting and Testing Exerci.

13.1 Soli
set I (k.1).
1. 121 1
1)113 1
203 127
2. L+1
324 0
170 0
224 127
123 <1
3)3062 0
201 127
3.a) 121 3
113 0
rl)lOl 2
: 102 2
1ly 2
; 172 3
-— 221 127
b) 121 6
1)1o01l 2
102 2
21h 127
124 6
121 127
4, 121 2
340 0
~1)320 0
! 1i2u 2
! 172 2
— 225 127
5. 121 3
121 4
PL)124 3
§ 113 0
: 172 3
e 220 127
6. 1312 5
121 7
~1)1312 6
“—— 203 127
131u i
124 1
113 1

= O

OO0 0

~ o O [, EFOwEOO

OO

99
Ak
Al

Al

P2%

A2

P26-1
ALO+P26-1
A3

Aug

Al7
Al7+0.4
A4S
P17+13
Al

Al7
0
Ouk
A2

Al

0

1b1

0

0

4950 D1
Al

0
P7-1

0 bt' = bb2,
Al

O

o

bt
It

int pt.

Ab

=

-

(b1l/b2)

€

=

S



7.

9.

10.

113
121
1)101
121

r2)1312

203

114
| 172
— 221

i21
121
121
121
~2)12Y4
| 150
i 22b
[ 124
{=1)172
Lo— 224

121
~1)101
172
221

10)+0
121
~3)101

101
320

356
—- 200

Set II (4.2)

1524

1574

HNOORFCerFowNnO
N
~1

RaS)
-0~

I—JOOO»—'OHS

Ny
~J

Group A

1.

2.

1)+0
324
121

42356
201

1)+0
324
121

2)356
203

127

N OO FE NN OO
O

QwWwOHDOWwODOOO

OO

- OO

(]
]
i

TSGR e O DO P> O
[op (@)
O

- EON
= O
[

[
o

> O C >
-t

-93D1 .
Al+56D1

0 ar'
A2+99D1

0 am' ;
A10 |
AlQ ®
A3

]
3

-
=
H
(@]

H
fu
e
~
o
B

Al
-999
9984
AY

L=
G

Al
-1P7

A2



L. 121

2. 121

— 221

Group C

Le »> 324
356

121
—4)121
3)121
122
324

362

320

356

— 203
e 203

R W NN O

O~ WM N W
NN
1~

R R N et
RN
~] 0~

NN WWN

COO0OQCwwNHOO

=
NN
~3 ~3

HNNWwHOFROO

OQONHNOO OO~ 0O HNoONOOOO

HNOOWNMNEHEFEOOOO

- 23 -

A3
9D1
Al

A2

Al
AS

~0.4
-399
O.4
AT
A3
A7
A3

I HoReoNoNoNe
]
iy

w

Al
AuQ
P7

Al
A2
ALO
A40
A3
Al



2. — 121

13.2

324
320
356
4)122
324
374
320
356

~> 215

HOOOOKOOOH

27

HOHOROOHHO

- 24 -

P7
Al
A2
A3
1

A2
A3
Al
A3
Al

Solutions to Shifts and Logical Operations on the Contents

of B-registers.,

set T (5.1).

K27.0
Jd77771751
3:406Y
J7370000
JO7737
126

121
126

1656
1343
127
167

121
126

121
127

1344
1345

o7

Ll o o O o o ~N 3

(Y IN \)

~3 ~J

71

FEEFEFWO0ww

w O O O «w Sw (@]

w O
’_._I

O

WwOOOCFO O (o

J7777777.7

0
0

K360.0

3 circular shift of bS8,
J77741

0

30

23 logical shift of b7,

J3777777.7

Ju

g *
K77.7

3 .
J777177

3
0
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9. 1342 80 0 18
127 80 0 X7777777.6
165 2 13 Kol
167 80 2 6]
1343 80 0 13
10. 121 1 0 0.1
121 3 0 0
121 4 0 -24
+1)214 b 0 A2
124 4 0 1
163 1 0 0
121 2 1 Q
127 2 60 0
214 127 2 Al
126 3 0 1
214 127 3 A1
126 60 1 0
121 127 0 Al
2)
1l.a) 127 12 0 K777777.0
) 165 2 13 J7K,7
167 12 2 0
b) 13uy 12 0] 12
165 2 13 K777.7
1345 2 G 12
167 12 2 0
c) 127 12 0 K707070.7
165 2 13 J7070707
167 12 2 0
Set II (5.2)
Group A
1. — 121 1 0 0]
121 2 0 K.1
— 163 2 0 O
? 211 127 62 2%
{[ﬁlG? 1 2 0
% 163 62 0 0
— 211 127 2 ~ L
121 62 1 Q
2, The fellowing solution is based on the fact that if

a § O then a &€(a - 1) has exactly one fewer 1 bit than a.

121 31 0 0
214 127 17 5%

L2 31 0 1

,r 127 17 17 -.1

bi-215 127 17 2%

&



4. 121

1)101
106
215

- 200

121
2)113
- 200

Groun_ B

2. 121
121
163
113
203

3. 121
121
121

~1) 124
13uy
121

— 211

L 124
172

— 222
127

Ll'. l)
121
123

3)124
113
101
123

2)1345
121
127
1344
1347

— 201
172
220

3 0]
2 3
2 3
127 2
127 3
127 0
2 3
127 3
1 0
2 0
2 0
2 1
127 1
80 0
121 0
60 0
60 0
122 60
122 61
127 61
80 0
121 0
127 121
80 0
(working space)
121 0
60 0
60 0
122 0
80 0
61 0
80 61
81 80
81 0
81 60
81 61
127 61
121 0]
127 121
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-499.4

A77 + 499.4
A29 + u499.4
A2 —

Al

Ab

A29 «

Al

-23
KO.1

23A40
2%

48D1

25D1

1 «
Al
Al
23
23

Ju

23A40
A2
48D1
A3



b)

c)
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Tne sclution may be obtained by placing ¢t in the H
position as above and then performing the following

" instructions.

121 121 0 1D1
5)121 60 0 23
4)113 122 C Al
101 70 60 A40
107 70 0 Al
121 71 0 0
214 127 70 Ab
124 71 0 0.1
127 70 70 -0.1
215 127 70 -2%
124 121 0 24D1
210 127 71 Yo
143 122 0 0
127 122 0 -(Ju4+K0.1)
121 127 0 2% |
6)167 122 0 Jhb
123 121 0 23D1
203 127 60 Al
172 121 0 25D1
225 127 0 AS

The elements of the matrix F x G are computed row by
row, the elements of each row being computed in reverse
order and shifted in from the left. The element ajj
is computed as the number of ones, taken modulo 2, in
the quantity b(i+l) & (jA),

Solutions to Accumulator Operations.
set I (6.1).

(0.0, -128)

(1.634, 3)

(0,1, 0)

(loo, -3)

(0.3, 0)

121 1 0 Jy
113 1 0 Al
113 0 0 JHAL
121 1 0 JOO763Y4
113 1 0 1Al
113 0 0 1.4AL1
121 1 0 lug
113 1 0 2A1
113 0 0 2.4A1



3

4

d)

e)

121
113
113

121
113
113
(A1) =

(A2)

(A3) =
(Al) =

(A5) =

- 28 -

1 0
1 0
0 0
1 0
1 o
0 0
JOO®1
J002765
J013777767
JOb4
JO005777
(6.2).
JO0?2
7.6

.0, sign 1' = O

JO1s

004444021 (13 octal place fraction)

.0, sign 1' = 0

J0o03

0.275 (integral part of (Al))

+0, sign 1' = 0O

Jo12

0.73

1
o

Oa’ Sign 1‘

JO12
m

.66, sign 1' = 1

J773
A1
3.4A1

K3U9g
YAL
bouAl




6.

sign

7.

sign

sign

10.

sign

1l.

sign

it

f
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JO
1.0

.0

J763

7.0

J002

7.72

J200
0.1
.0

JO01
0.5000000000001
000000000001

AO set by 330
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12. 372 0 0 Al gives EO
ay' = J200
m' = 0.1
1' =0
sign 1' = 0
13. ay' = J601
m' = .1
1' =0
sign 1' =0
1y, The contents of the store line before and after the
instruction is the same.
i.€s 000010.44..0
and the 335 instruction sets AO.
15. ay' = Jo01
m' = 0.1
1' =0
sign 1' = 0
Set III (6,3)
1. 1)+0 (working space)
2)+0 (working space)
S 121 1 0 -97 count
121 2 0 13U13 to medify exponent
324 0 0 A79 ap, in
300 0 0 1479 add a,
3)357 0 0 Al store right half
110 2 0 Al with correct exponent
300 0 1 99A79 add in next a
356 0 0 A2 store left half
355 0 0 JU4 standardize right half
320 0 0 Al add original right half
300 o] o A2 add in left half
201 127 1 A3 repeat
361 0 0 J4 round result
356 0 0 ABO store
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2 1)0:26
324 0 0 AT9
330 0 0 Al
364 0 0 Ju
3. Let z, and z, donate the more and less significant halves
of Z, and w;, w, the halves of the products ViZ. Thus
VZi = wp + Wy,
Working space: Al, A2 ... .
356 0 0 Al store 7,
355 0 0 Jh stancardise Z,
342 0 0 A90 form VZ,
356 0 C A2 store (VZ,),
355 0 0 Jh std. (VZz3,
356 0 0 A3 store (VZjy)y
324 0 0 Al load 72,
342 0 0 AS0 form Vi,
356 0 0 Ay ctore (VZ;),
355 0 0 Ju std. (VZ;)
320 0 0 A3 aad (VZy),, R
356 0 0 A3 store first partial W,
324 0 0 Al load (VZ,),
300 0 0 A2 add (V22§1
356 0 0 A2 store partial W
355 0 0 Jh std. second partial W,
300 0 0 A3 add first partial W,
300 0 0 A2 add partial W3
4, 346 0 0 J4
121 1 0 -98
330 0 1 98A100
331 0 1 99A100
201 127 1 1%
201 127 1 -3%
5. 345 0] 0 A100
: 364 0 0 Ju
375 0 0 1A100
121 124 0 12U12
357 0 o A399
356 0 0 1A399
6, 324 0 0 3A389
342 0 0 4A399
356 0 0 A341
355 0 0 Ju
356 0 0 1A341



13.4

l.a)

b)

1)9836.29
2)48.01
345

364

364

364

375

121

347

121

340

356

S}
=

QOO OOOOQe.-
o .
£

10

oNoNoloNololoRoReRe)
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Al
J4 )

J4 ) position dividend

J4 )
A2
10012
A309
7012
Jh
1A309

Solutions to Extracode Functions (7.)

1504
1576
1543
1500
1556
1504
1576
1556
1504
1576
1500
1500

1567
1556
1567
1556
1567
1500
1500

121
121
121
121
1)124
124
1430
201

121
1410
1462

121

1414
1456
1402
1420
1456

QOO C OO0 OCOOOOCOOOOOCOO0O

b O N W

b e

sNoJoNoNoRole OO OOOCOCOOOOD

WO EFOOOO

OO

QOO OCOO

0

50
60
70
16
70
1C
18
70
12
16
18

50
50
60
60
70
50
60

-2
10
0
30
0
0
3
Al

70
60
50

70
60
60
50
60
50

TRRTRR IR
N

: ~
»

u
"nounn

Count in
Modifier
Clear B1
Modifier
Locate A
Locate B
Add

+ z - yz/X
+z/Y + z - yz/x

1%

|yl

+ 1x
+ x| + |y

Count and repeat

bl' = 70 |
ca' = (60:)2

ca' = ca. (50:)
ca' = 1/(60:)
(60:)' = ca

ca' = exp(50:)
ca' = ca + (60:)
(50:)' = ca
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b.a) 1050 0 0 ) Call input 5
121 41 0 -153D1 Count-modifier in Bul
1)1101 90 0 A3/L100 Read next character
113 61 41 10+1539L1 Count and repeat
b) 121 41 0 100 Locate full words
121 42 0 10 Locate characters
1253 41 0 160 Pack characters
c) 121 41 0 -19,1 Modifier in B4l
121 121 0 0 Clear 3121
124 121 0 1Dl Set Bl21 as next B-line
1250 122 41 119.1 Write character to B-line
172 121 0 40D1 Count B-lines
225 127 0 2%
1117 0 0 0 Ena
211 127 41 3% IModifier even ? Jump
124 ui 0 0.1 Add 0.1 to odd modifier
121 127 0 Al Continue
12y i 0 0.7 Add 0.7 to even modifier
121 127 0 Al Continue
d) 121 41 0 ~1 Modifier in Bul
121 121 0 1D1 Point at 31l
1)1251 122 0 200 Next character to 200
124 121 0 1Dl Advance pointer
1251 122 0 200.1 Next character to 200.1
113 121 0 201 . Preserve B1l21
124 41 0 1 Advance modifier
1601 0 41 100 Next pair of characters
to G
1204 42 0 200 7 Compare and fault
172 4?2 0 2 unless characters
227 127 0 Ay agree
101 121 0 201 Restore B121
170 121 0 40D1] Repeat, advancing
220 127 121 Al | pointer
5e 121 1 0 9 bl' = 9
' 346 0 0 Ju am' = O
1)320 0 1 20 am!' = am + (20 = bl)
203 127 1 Al conditional jump
1574 0 o] 10 an' = am/10
121 8 0 g bg' = 9
2)356 0 8 30 (30 + b8)' = am
203 127 8 A2 conditional jump
121 5 0 20 Establish x vector
121 ) 0 30 " X "
1431 5 0 10 Compute x-x vector
121 4 0 10 Establish working space
~ 1434 4 0 10 store copy of x-x
1436 4 0 10 Ccmpute sum of sguares
1574 0 0 10 Compute s.d.
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6.2) R3
122 79 0 1 Count in B79Y
121 1 0 0 Clear Bl
1265 1 1 0 Shift upper char. to Bl
124 99 1 0 Adc it in at bottom
203 127 73 ~2% Count and repeat
121 127 80 0 Link
b) 1)-1
1601 0 0 500 g' = (500)
1630 0 0 Al Make m.s. bit of g zero
1613 0 0 500 (500)' = g
13.5 Solutions to input and output operations (8.)_
1. 1050 0 0 1 Select input 1
121 90 0 Al Set link in B90
121 127 0 Al/L100 Read next number to
accunulator
1)121 90 0 A? Set link in B9Y0O
1060 0 0 1 Select output 1
121 89 0 2:2.6 Set style for accumulator
print
121 127 0 Al/L1 Print accumulator
2)- - - Next Instruction
2. 1050 0 0 1 Select input 1
121 3 0 -9 Set count in B3
51101 90 0 Al1/L100 Read next number to acc,
( 356 0 3 1009 Store number
- 201 127 3 A5 Count and repeat
3. 1050 0 0 1 Select input 1
1101 30 0 A2/L100 Read n tc B8l
121 2 81 -1 b2!' = n-1
123 3 2 0 Count-modifier in B3
5)1101 90 0 Al1/L100 Read next number
r 356 2 3 1000 Store number
' 201 127 3 A5 Count and repeat
4. 1060 0] 0 1 Select output 1
121 1 0 -27 Count in 51
121 89 0 1:6.3 Style in 389
121 90 0 3% Set link
1)324 0 1 577 Next number to accumulator
r 121 127 0 Al/L1 Print accunmulator
— 201 127 1 Al Count and repeat
5. 1050 0 0 2 Select input 2
2)1101 30 0 A3/L100 Read next character to B8l
[__122 81 0 7.0 )JReneat unless character
215 127 81 A? Yis "X"
1101 30 0 Al/L100 Read next number to acc.
1101 30 0 AL4/1.100 Lose rest of line
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1:19
AlL/LY
Al

HFHORROONOODOO
=

e S

s
v

Al/L100
Al
Al

A2

Al

A2

A3

-]
3:0.2

2%
A2/L1
A2
6:3.0
)
Al/L1
%9
A4/L1

OOOCOOO0O0 OHFHOOOOOOODOOO

Instruction

Select cutput 1
Set stvle

p2' = 0

Set count in E1
If ©2#0+2) and b2!
c2!
Print WL

Next number tc accumulator

Print next number
Count and repeat

(A1) = 1

Working space for nartial

sum
Select output
Select input 1
Start count in 31
Set 1link in BYC
Read next number
£Add one to it
Jump if accumulator
Add in partial sum
Subtract one

Store new partial sum

Count and repeat
Compute n in B3l
Set style
print
Set 1link
Print n
am' = (A2)
Set style
Set link
Print sum
Set link
End line

Omit line in store locations Al, 243, 3A3, 543.

1060 0
121 89
121 2
121 1
r1)203 127
r 121 2
! L 1101 90
| L2)y32y 0
j 1101 30
e 201 127
1)+1
2)+0
10860 0
10580 0
121 1
121 30
—+3)121 127
320 0
— 234 127
320 0
321 0
346 0]
201 127
4)121 81
121 88
121 90
121 127
324 0
121 89
121 30
121 127
121 90
121 127
- - - - Next
Replace "y)"
* = 0
A28/L1 = 1.2
A29/L1 = 0.1
1050 0
121 1
~1)1101 90
121 89
346 e
1101 80
~+—— 237 127
1710 0
121 89
1101 9o/
~ 203 127
1117 0
+2)121 81
121 90
L 121 127
3)+0
E-241

by "20/L100)",

COOOHHOQOCOOLOOOOO
v,‘)

)Set parameters for 'comma'!

) and 'space'
Select input 6
Set count in bl
Read x to am
Stvle
(A3)' =
Print x
If 2 <0 + 2
ar' = V/x
Style
Print vx
Count and repeat
ILnd progran
b8l' a "I"

Set link
Print I

Working space

Enter directive

X

= 4 (seccond count)

for integer



10. R2
1)374
362
346
1730
346
1732
346
121
2)+180
3)+3.141593
4)+0

OCOOOOCOO

127

11. # = 20

A25/L1 = 3,5

1)-10
99)+0
+0

2)+10

1060 C
121 1
r3)324 0
320 0
356 0
121 89
1101 30
1i01 50
121 89
324 0
1101 90
324 0
101 90
-203 127
1117 0

(Subroutine R2)

g OOoOOOOOO

OO OCOOO0OO0OOCOOOCO

[N @] OO
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A2 am' = /180 _
A3 am' = 67/180 = 9
Al (AR)' = 8 _
Al am' = sin _
A39/R0O (A99/RO)' = sin @
Al am' = cos 6 _
1A99/R0O (1488/R0)' = cos 6
0 Return to main program
([&L) = 180
(A3) = =«
Working space
Set parameter for print-
ing "+"
) p
JWorking space
Jand constants .
)
3 Select output 3
18 b1' = 18§
Al am' = (Al) .
A2 am' = am + 10
Al (A1)' = am -
3:0.6 Set style
Al/L1 Print o
Al/R2 Enter subroutine
2:5 Set style
A9S am' = sin @
Al/L1 Print sin 6 .
1A99 am' = cos @
Al/L1 Print cos ©
A3 Count and repeat -
0 Ena program
Enter directive
J2K701.7
A3/L1
J2K363.4
A3/L1

010,000,00C,000,111,000,001,111
or 010,000,000,000,011,110,011,100

E 1A2
12. 121 81
1101 80
or 121 81
1101 30
13, 7)C
TAPE TAULT @ # 7
AS = "O.l*
121 21
121 22

0

AV

0

A7

(A8-AT7)U3+1
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1y, Any time before label 3) write
T3
(Sp)e(3 sp) sin 6(5 sp) cos 6

15,
After 1050 0 0 5
add 121 69 0 Al LE9Y = Ay
1101 30 0 AB/L100 Keac text to store Al
onwardas
After 203 127 1 Al
add 121 89 O Al b89' = Anu
1101 30 0 AB/L1 Write text
121 67 0 3.5 b87' = 3.5
1101 30 0 A5/L1 Write 13 H.L.'s
Then label the enter directive thus:-
Y)E~2A1
16, 1050 0 0 5 Select input &
—~2)1053 127 0 Al If binary -»1)
£ 1054 1 0 A2 Read tc bl. Jump to 2)
if c.c.C.
113 1 0 Al10 Store in Al0
— 121 127 0 A3 Jump to 3)
+1)1054 1 0 A2 Read to bl. Jump to 2)
if c.c.cC.
113 1 0 All Store in All
1054 1 0 A3 Read to bl
113 1 C O.4A11 Stecre in J4A11

“>3) - - - = Next Instructicn

NeBo The address A3 in store line -2 A3 is meaningless
a fault has occurred. '

17. 1063 o 0 b4 Delete outnut Y
1060 0 0 4.1 Select cutput 4, binary
1064 o 0 0.1 Cutput mes. 3 of "M"
1064 0 0 3.5 Jutput R.S. 3 of "M"
1C65 0 0 0 End record
1071 0 0 4 reak outnut Y4
18.,a) 1050 6] 0 3 Select input 3
1060 0 0 5 Select cutnut &
1057 5 0 A3 Read record to A3 onwards
170 5 0 L.k )Jurp to 1) if more than
- 227 127 0 Al )12 characters read
1067 5 0 A3 Write complete record
—= 121 127 0 A2 Jump to 2)
»1)121 5 0 1.4Ju Reset b5
1066 5 0 A3 write twelve characters
only

W+2) - - - - Hext Instruction
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b) Before instruction 2) write
1065 0 0 2.5 Output 5 HL's.

13.6  Solutions to Magnetic Tape Operations,
Fixed Length Transfers (9,.1),

1. 1001 2 0 1 Search
1002 2 0 10:0.4 Read forwards
2. 1001 1 0 6 Search
1003 1 0 1:0.2 Read backwards
3. 1001 1 0 1 Search for section 1
1002 1 0 10:0.3 Read four blocks from
tape
121 1 0 o=l : Modifier-count in Bl
121 2 0 0 Modifier in B2
1)101 3 1 14.~.4 Transfer half-
113 3 2 1000 Words to store
124 2 0 1 Advance modifier
200 127 1 Al Count and repeat
1117 0 0 0 End progran
b, 1001 1 0 L4 Search
1004 1 0 1:0.1 Write 1 & 2 to tape
1005 1 0] 0 Move tape forwards
1004 1 0 3:0.0 Write 3 to tape
1006 1 0 0:0.6 Move tape backwards
1004 1 0 4:0.1 Write 4 & 5 to tape
5. 1001 1 0 5 Search
1002 1 0 1: Reacd one block from tape
121 1 0 511 Modifier-count in Bl
121 2 0 0 Modifier in B2
6)334 0 2 1: JReverse words
- 356 0 1 2 Jof block
124 2 0 1 Advance mcdifier
203 127 1 Ab Count and repeat
1001 1l 0 5 Search
1004 1 0 2:0.0 Write reversed block to
tape
0. 121 121 2 0 Tape number to B1l21
1001 122 1 0 Search
1004 122 0 O.4 Al JWrite 10 blocks
1004 122 0 5.4 Al )to tape
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7 1010 2 0 AlQ Mount
1002 2 0 Al Read next block tc Al
20)1002 2 0 A2 " " " " A2
121 1 0 -4D1 Modifier count in Bl
101 10 1 Al1C+4D1 )Compare titles
102 10 1 A1+4D1 )
2186 127 10 3% Jump if titles disagree
200 127 1 -3% Jump to continue comparison
121 127 0 A21 Jump if titlcs agree
1002 2 0 Al Read next block to Al
121 1 o -4D1 Reset Bl
101 10 1 A10+4D1  )Compare titles
102 10 1 A2+4D1 )
215 127 i0 A20 Jump 1f titles disagree
200 127 1 -3% Jump to continuc compar-
ison
21)1006 2 0 0 love tape back 2 sections
121 127 0 3 ALC Exit
10)C
MERGER IWNC. TAPE 2ASB
8. JOB
MEAN VALUE CALCULATION
TAPE
1 XYz2 - 3
TAPE
2 XYZ - 4
COMPILER ABL
= 0
1001 1 0 1 Search
1001 2 0 1 Search
1002 1 0 3:0.3 Read 4 blocks to 3:
121 2 0 -3 iodifier-count in B2
3,121 1 0 511 " " in Bl
346 0 0 Jy Clear accumulator
2)320 0 1 3: Acdd in next number
203 127 1 A2 Court and repeat
1574 0 o 512 Take average
346 0 2 7:3 Store average
201 127 2 A3 Count and reneat
1004 2 O 3:0.4 Write 5 Lblocks to tape
1117 0 0 0
EOQ
whNy
9. 1024 1 0 Al Read P1
1024 2 0 &2 Read P2
101 1 0 Al )
104 1 0 A2 )Compute [(P;+P,)/2]|
163 1 0 0 )
1001 1 1 0 )Search to |[(P,+P,)/2]
1001 2 1 0 )
121 4 0 ~-49 Count in B4
20)1003 1 0 0.4 AlQ Reac 1lst set of 5 blocks
1003 1 0 O.4 All Read next five blocks

Cont.....--.-.
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9, cont.
121 3 0 b )
1004 2 3 AlO JWrite 5 blocks in
122 3 0 1: Jreversed order
216 127 3 -2% )
214 127 4 2% Avoid unnecessary read
1003 1 0 0.4 Al0 Read next 5 blocks
121 3 0 Y )
1004 2 3 Al JWrite 5 blocks in
122 3 0 1: Yreversed order
216 127 3 -2% )
201 127 Y A20 Count and repeat
Variable Length Transfers (9.2).,
1. 1)H+7,+173
104y 6 0 Al
2. 1001 2 0 1 Search
1032 2 0 6:0.1 Write buffer
121 4 0 750.1 byt = 750.,1
1040 y 0 A3 Transfer 750 words
3. 1001 2 0 1
1032 2 6] 6:01
10u2 0 0 0.3 "3" Marker
121 Y 0 750.4 "y Marker
1040 4 0 £3 Transfer 750 words
bea) 5IH+4,+5
1044 3 0 A5 Search
b) 1030 3 0 AGB+1;: Read buffer
c) 121 1 0 100 bl' = 100
1040 1 0 Al Transfer 100 words
d) 121 2 0 .3 b2' = .3
1040 2 0 A2 Transfer till marker 2 3
e) 127 2 0 K.7" b2' = Integral pt. k2
1040 2 0 A3 Transfer b2 words
£) 121 3 0 200.4 b3' = 200.4
1040 3 0 A4 Transfer 200 words
5, 1)H 100, 3
1044 <4 0 Al Search
1030 (i 0 (%+1:)5B Read buffer
1032 0 0 (*+1:)B Write buffer
1042 4 0 0.3 Mark "3"
1043 4 0 0 Release buffer
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6.a) 1001 3 0 1 Search
1030 3 0 (#+1:)3+0.1 Rgzacd puffer
121 1 0 0 vi' = 0
1040 i 0 A2 Transfer first string
121 2 0 0 p2' = 0
1041 2 0 0 Skip second string
121 2 0 0 p2' = 90
1041 2 0 0 Skip third string
121 2 0 0 bz' = 0
127 1 0 Ko7 bi' = integral pt. bl
1040 2 1 A2 Transfer fourth string
b) 1043 3 o 3 Release buffer
74 1631 ) 0 2: Read backwards buffer
121 5 0 100.7 b5' = 100.7
1040 5 0 216 Transfer 100 words
8. Al = (#+1:)B Set A1 for next block
1001 1 0 1 Search
1034 1 0 Al+0.1 Buffer
121 1 0 700 pl' = 700
1040 1 0 Al+2: Read 700 words
9.a) 3)+0
4)H+100,+4
1001 1 0 1 Search
1030 1 0 b: Buffer
121 1 0 0 bl' = 0
1040 1 0 A2 Read
1024 1 0 A3 (A3) = current psn.
b) 1044 1 0 Al Search for (AW)
1032 1 0 7: Buffer
121 2 0 160.3 p2' = 160.3
1040 2 0 A7 Write 160 words
<) 1044 1 0 A3 Search for (A3)
1030 1 0 61 as a)
121 3 0 0 as a )
127 1 0 K.7! bl' = integral »t. bl
1040 3 1 £2 Read string
10. R1
1)1036 121 0 0 121" = sclected tape = n
143 121 0 0 pl21' = 1/
121 80 C 0 D8O' = O
1033 L4 o 0 Select tape
1040 30 0 Al2 kead to Al2
1033 122 9) 0 Select tape U4
121 127 g0 0 Return to main program

Z

Exit from main prcgram will be
1101 90 9] Al/1



11.

12,

13.7

ad

b)

Next Instruction
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1)+0

1037 1 0 Al (4) = noce of tape 1

121 10 0 3 pi0' = 3

102 10 0 Al blOo" = 3~ (A1) .
—~ 214 127 10 ®L If bl0 = 0, jump

1032 1 0 R+ 1 Buffer

121 1 0 30 bl' = 30

10490 1 0 AT Write 30 words

1001 ) 0 1 Search
1030 6 0 (*+1:)8 Buffer
121 i 0 O b' = 0
1041 1 0 0 Skip to first marker,
bl' = count
127 1 0 Ko7 bl' = integral pt. bl
143 1 0 0 b1 = bl/2
1001 6 0 1 Search
1030 6 0] (*+1:)3 Buffer
1040 1 0 Al Read bl words to A2 °

Solutions to Job Document exercises (10)

Job Description Program

JOB Included in Job
MEAN CALCULATION description
INPUT

1 X3 RESULTS

STORE 6

COMPILER ABL
(Program)

o ofs o,
545:7:2

JOB ;

MONTE CARLO RALLY 1962 COMPILER LMA
RALLY ANALYSIS

INPUT (Program)

O RALLY ANALYSIS
1 RESULTS 1902
2 WEATHER CONDITIONS

PR A
waw
H

oOuTPUT
1 CARD
2 LINE PRINTER 4 BLOCKS

DECKS 4

TAPE

1 ENGINE SPECIFICATIONS 1962
TAPL FREE

2 RALLY RESULTS 1962-1%67
TLPL/1

3 RALLY RESULTS 1950-1955
TAPE/2 END

3 RALLY RESULTS 1956-1961

Data

D;/'\k TZA\
X3 RESULTS
(bata)

RNdy .

DATA
RESULTS
(Data)

afs ofs 2t

s
and

DATA

WEATHER CONDITIONS
(Data)

n"Hn7



1.b)
cont,.

c)

d)

e)
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Job Description Proagram

COMPUTING 10 MINUTES
EXECUTION:15. MINUTLES
STORE 25

o ot o
NW%?Z

JOB COMPILER ABL
F/126/JKB 8 Feb.63 F/126/3KB

(Program)
INPUT wREZ
0 F/126/JKB
1 SPECIAL RAKDOM NUMBERS
SELT = 2

oUTPUT
1 TAPE FREE/FIVE-HOLL TLLETYPE 20 BLOCKS
126 CLASSIFIED RESULTS .

COMPUTING 25 SECOHDS
STORLE 3

DATA

(Data)

Yo ufa ofs I
fARg

JOB COMPILER As8L

SURVEY ANALYSIS 14
(Progran)

INPUT LELY

O SURVEY ANALYSIS

1 SURVEY RESULTS

QUTPUT
1 TELETYPE 2 BLOCKS

COMPUTING 20 SECONDS

ot ote
LRt g

JOs

SURVEY ANALYSIS 1% done Needed
INPUT

APE 55/3/500

O SURVEY ANALYSIS

1 SURVEY RESULTS/?2

QUTPUT

1 TELETYPE 2 BLOCKS
COMPUTING 20 SECOMDS
Lk A

Input data tapes with headings:-

COPY TAPL FREE
DATA FCR MONTE '62

DATA
RESULTS 1962
(Data)

L ot o
RUNY

SURVEY ANALYSIS

Data

DATA

SPECIAL RANDOM
NUMBERS

(Data)

ols ota ot
st

DATA/1
SURVEY RESULTS

(Data)
Ny

and

DATA/2 ERD
SURVEY RESULTS
(Data)

Jo o o
R

4

DATA
SURVEY RESULTS/?
(Cata)

To o%e o,

ofe ste s

wien7
s




2.a)
cont

p)

c)

d)1)

2)

- uy -

Job Description Procram Data

and

COPY TAPE 101
DATA FOR MONTE '62

SATA

WEATHER COLUDITIONS

(Data)

et

Ensurs that they are input in this order since the first
gives a title to a free tape and the second has to be
stored from block 101 of the same tape.

JOB
MONTE CARLO RALLY 1962

INPUT

0 RALLY AHALYSIS
TAPL ©6/1/0

1 RESULTS 1962

TAPE 6/101/0

2 WEATHER CONDITICHS

DECKS 5

TAPE

& DATA FOR MONTE 'b62

(Output and other tapes as befcre)

The increase in "decks" assumes that the input tape will
be in use at the same time as the other tapes at some
point in the program.

PRINT TAPE
126~CLASSIFIED RESULTS

COPY TAPL FRE
DATA FOR MONTE '62

DATA

RESULTS 1962
(Data)

DATA

WEATHER CONDITIONS
(Data)

Ta ot os
LR R

'INPUT' section would read:-

INPUT

O RALLY ANALYSIS
TAPE 6/1/0

1 RESULTS 1962

TAPE 6/61/u413

2 WEATRER CONDITICHS



1)

+2)

13.8

a)

- b5 -

Job Descrintion Prograrm Data

JCOB

F1/JXB/MEAN CALCULATION

NPUT

1 ASSORTED WUMBERS

STORE 1

COMPILER ABL

+0

+1C

1050 0 0 1 Select input 1

121 1 0 9 bl' = §

1101 30 0 A1/LiO0 Pead to am

320 0 0 Al am' = am + (Al)

346 0 G Al (ALY' = am

203 127 1 A2 If 51 # 2 subtract one
& > 2)

324 0 0 Al am' = (AL)

374 0 O 1Al am' = am/10

121 9 0 4s2.2 Set Style

1101 90 0] 21/L1 Print

1117 0 0 0 End

E£2A1 Enter

R End of document

DA.TA‘\

ASSCRTED NUMBERS

(Ten numbers to follow)

BELE A

This uses only one tape for all documents. If the data

tape is separate from the rest #*% C must be replaces by

Yo o,
R 7

Solutions to Advanced Programming Lxercisoes

Store Extracode Operations (11.1),

1160 0 0 A1 Read plock Al

121 1 0 AZ oli? o= A2

1163 1 0 Al Duplicaete Al as A2

121 2 0 A3 p2' = A3

1lok 2 0 Al Rename Al as A3

1lo4 0 0 A3 Release A3 to the drum
1167 0 0O A2 Lose block AZ

121 1 0 A3 bl' = A3

1164 1 0 Al Rename Al as A3



3.

5.

Clear Modifier
Reacd Al to core store

JIf last block has been
Yread » A2l

Read next block

Set count to -255

)

YAGD ®{Xi+)
Jinto AlO

)

Increase modifier by 2
Repeat 256 times

Lose usecd block
Reoeat Pl times

)

Read first block to core
Set medifier / count
)Set L2 and bl

)for renaming

bl' = pl+l:

Jump if last pass

Reac next block

rename current block as
Al

Set £3 for renaming

kename A2 as Al1+99:+Db1

Rename Al as A2(%)

Helease A11+59:+b1l to
drum

Repeat 100 times

Lose A2

(*) This instruction avoids a non-eguivalence interrupt,
with possible attendant hold up, in the main processing.

- 45 -
Al = 2:
A2 = Al + (Pl x 512) - 1
10)+0
121 1 0 0
1160 O O £1
p—— 172 1 0 -1P1x1:
- 224 127 0 2%
L 1160 0 1 Al+1:
121 2 0 -255
»20)324 0 1 Al
362 0 1 CAT+L
320 G 0 AlD
3506 0 9] 210
124 1 O 2
e 201 127 2 A20
1167 0 1 Al-=1:
172 1 0 Plx1:
——— 225 127 0 ~LA20
- - = - jjext Instructicn
1160 0 0 A0
121 1 0 ~100:;
121 2 C Al
121 y 0 A2
+20)124 1 0 1:
— 214 127 1 2%
L 1160 © 1 A10+100:
1loh 2 1 A10+88
< Process Al into A2 >
121 3 1 A11+499:
1163 3 0 A?
l1loY4 i 0 Al
1i61 0 1 A11+99:
215 127 1 A20
1167 0 0 A2
121 4 0 -99
121 10 0 Al
121 1 0 0
1160 0 0 10:

Block counter

Set for renaming

a = o

Read block 10: from drum
Contecenvesana
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»100)1164 10 1 10: Rename block 10:+a as Al

214 127 4 2% Jump for last pass

1160 0 1 11: Read next block (1ll:+a)

121 2 0 -511 )

1730 0 2 511A1 JReplace o by sin a

201 127 2 ~1% )in Al

1161 0 0 Al Release Al to drum

121 3 1 10: b3 = 10:+a

1164 3 0 Al ‘ Rename Al as x0:+a

124 1 0 1: a = atl:
b 201 127 4 A100 Repeat 100 times

121 127 40 0 Ixit from routine.
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Branching example (11,2).

Branch O.
——> 1012 1 0 0.1A6 Mount tape one on channel
one
1012 2 0 0.2A7 Mount tape two on channel
two :
1103 3 0 g1D1 Permit 3 branches
121 1 0 0 Set bl as 'switch' for
last block
121 2 0 2 )Set b2 and b4 for
121 3 0 4 Jrenaring blocks
121 4y 0 3 b3' = code number of
store
1104 2 0 Al Establish branch 2 at
Al ———
~4)1106 2 0 9] Wait till branch 2 1is
dead
<+ 215 127 1 AS If last block processed
jump to AS
lleu 2 ¢ 1l: Rename 1: as 2:
1104 2 0 - Al Establish branch 2 at
Al ————
4 e 1101 90 0 A/lS Enter subroutine
-+ 1106 1 0 0 Wait till branch 1 is
dead
1164 4 0 3 . Rename 3: as 4:
1104 1 0 A3 Establish branch 1 at
) A3 ——
— 121 127 0 Al Go to A4
—+5)1106 1 0 C Wait till branch 1 1s
dead
1117 0 0 0 End program
— R5 )
----- )
————— YJRoutine RS
----- )
—121 127 90 0 )
Z
6)C
STORE 3: SALES RECORDS
SKO
7)C

AMENDMENTS TO SALES RECORDS/MARCH
SKO
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Branch 1,
3)1002 1
101 5
150 5
225 127
10006 1
1004 1
1105 6l
Branch 2,
+131002 2
150 4
~— 224 127
150 0
—1—225 127
121 1

2)1105 64

_Monitoring and Trapping (11.3).

oNoNoNeNe o o

Qo o0 O O O

- 49 -

5:0.4

L:O,LH4
A3

O = O

A?

Al

Read one block from tape
1 to 5

b5' = code word of
article

)jump to A3 if code

Jwords disagree

Move back one section

Write block 4: to tape

Kill current branch >

Read one block from
tape 2 to 1:

bt' = (1l:) - store
code number

If bt = O jump to A2

bt' = (1:)
If bt $# 0, jump to Al

Set switch to last
block

Kill current branch -

1132 0
4)+0 +0 +0
H A3 0

+0  +0

H A5 HOD1
5)111y 0
3)

1132 G

1112 o

4)+0 +0 +0

H A2 10D1
2)111%4 0
3)121 3

121 89

+5) 334 0

I 1101 90

L2701 127
1117 0

+0

+0

0

+0

40

+ O O

QCwOQwOoOoH

+0

+0

Al

+0  +0

+0 +0

set trap

+0

set private monitor

+0 +0 +0 +0 +0



2)+2
1123 0 0 1000 set leocal instruction
count
T 3456 G 0 Jy clear accululiator
324 0 0 A?
346 0 0 93
> 1) 3486 0 0 Ju
324 0 0 99
1520 0 0 1 am' = an+l
346 0 0 39
1730 0 0 94 am!' = sin(99)
346 0 0 100 .
1714 0 0 g5 am' = '/(388)
320 0 ¢ 100
1521 0 0 1 am' = am-1
— 1237 127 0 Al jump if am ¢ O
346 0 0 Ju
324 C 0 99
121 89 0 .6:0.2 )print the contents
1101 30 0 Al/L1 Jof the accumulator
1117 0 0 0
1132 0 0 A3
121 3 0 ¢]
~1)100u m 3 40:0.0
| 12u 3 0 1:.
’ 172 3 0 20:
- 225 127 0 Al
1117 0 0 0
2)121 81 3 0
1011 5 0 Al0
4) 1004 5 3 40:0.0
124 3 0] 1
172 3 0 204
— 225 127 0 Al
134y 81 0 9 logicd} shift right of
120 81 0 20 L81 by 9 places.
121 88 0 2:0.2
1101 30 0 A2/L1
1117 0 0 0
10)C
OVERFLOW}BLOCKS
SKOQ
3)¥0 +0 +0 +0 +0 +0 +0 +0 +0 +0
H A2 0O

+0 +0 +0

LA e

———



