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A N S W E R  B O O K L E T

Instructions

The answers for the problems given in the test bookletV. 
. 

are coded in the following manner :

There are four phases in the course —— I, II , III, and
IV. You will notice that the pages of the text booklet are
marked at the top of each page with the appropriate phase

• number. Within the individual phases, there are parts, such V
as Part One, Part Two , etc. As the problems are given in the
text material, they are numbered according to the part In
which they appear. For example, on a page marked III at the
top , a problem numbered 3.2 would be Problem 2 of Part Three
of Phase III.

In this Answer Booklet, the answers to the problems are
- coded exactly the sane way. The phase number will be at the

top of each page. The answers will be listed, for example,
as: Problem 3.2. (meaning that this is the answer to Problem

• 2 of Part Three of Phase _ _ _ ).
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ANSWERS TO PROBLEMS OF PHASE I: BASIC OPERATIONS

Problem 3.1. Problem 3.6.
CLA EENY CLA RCVD
ADD MEENY ADD STOCK

I ADD MIP4Y SUB ISSUE11. SUB ISSUE2
SUB ISSIJE3
SIR STOCK

Problem 3.2. HIT
CIA LEAV E
ADD AWOL V

-~ 
- ADD TDY Problem 3.7.I SIR ABSENT

CIA REGPAY
I ADD OVTPAY

• SIR TOIPAY
Problem 3.3. SUB DEDUCT______— 

STR NETPAY
CIA VALUE HIT

• 
. ADD VALUE

V • STR VALUE

Problem 3.8.
Problem 3.4. CIA EW

V ADD EWCOMEa .  
CIA REGPAY SUB EWGO

I ADD OVIPAY SIR EW
V - SUB SOCSEC CIA EM

SUB INCTAX ADD EMCOME
STR NETPAY SUB ENGO

V 

~STR EM
HIT

i .  Problem 3.5.

CU PENCIL Problem 3.9.t i ~ SIJB ERASER
VI SUB ERASER CIA RECORD

STR PEN STR XV 
ADD RECORD
STR Y
ADO RECORD
STR Z V

HIT

V _

/
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- Problem 4.1. Probl em 4.5.

• 
V 

CIA RECORD CIA EMPLOY+1
V 

ADD RECORD+1 ADO EMPLOY+4 V
V SUB RECORD42 ADO EMPLOY+7

• SIR RECORD+3 STR LOYAL V

HIT HLT V

- 

Problem 4.2. Problem 4.6.

• CIA WORKER CIA E*IOY+l
• SIR WORKER+1 SUB EMPLOY+1 

- 
V

CIA SALARY SIR ENPIOY+1
SIR SAI.ARY+1 HLT
CIA TAXES 

-

V SIR TAXES+1
V • HIT V

Problem 5.1.

CLA PAYRT 
V

Problem 4.3. V

V CIA MAN .•
V 

• 
SIR WORKER Problem 5.2. V

CLA MAtI41
SIR WORKER+l STR GROPAY V

CIA MAII+2
SIR WORKER+2

V HIT V

V Problem 5.3. 1
V CIA BADGNO

Problem 4.4. SIR OUTPUT 
V

CLA STOCK
V ADD GET 

..
V 

SUB ISSUE Problem 5.4.
SIR STOCK+l
ADD GET#l CIA RETIRE
SUB ISSUE+1 SIR OVTRET ..

V V STR STOCK+2
ADD GET+2 - .

V SUB ISSIJE+2 V

• SIR SIOCK+3 1.
HIT

( .•V
I:~~
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V Problem 5.5. Problem 5.10. 
V

-~~ CIA SPACE CIA EMPIOY+l• I ~ SIR LOC1 ADO EMPLOY+2
V SIR LOC2 ADO ENPLOY+3

SIR 10C3 ADD EMPLOY+4V 

STR D EDUCT
HIT

- ‘. VProblem 5.6.

CIA SPACE Problem 5.11. V
ADD V ERB
ADD VERB CIA EI~ LOY+5
ADD QUANT SUB EMPIOY+1

V - ADD QUART SUB EMPLOY+2
ADD QUART SUB Ef’PLOY+3t t . SIR MOS1 SUB EMPIOY+4 V

- 
- I HIT SIR ENPIOY+6

HIT

V I Problem 5.7. 
-or-

V V CIA EMPLOY+5 V1 
CIA REGPAY SUB DEDUCTV 

ADD OVIPAY SIR EMPIOY4~ 
V

SUB DEDUCT HITV 
SIR NETPAY-

, HLT 1
V Problem 5.12.

Problem 5.8. CIA REGTIM
V ADD OVRTIM-‘ CIA PAY ADD BONUS V

V ADD PAY SUB EMPIOV+l
SIR PAY SUB EMPIOY+2 V

V V I  V SIR RECORD4 l 8 SUB EMPIOY+3 VV V 
L HIT SUB EMPIOY+4 V

1 V STR EMPLOY+5 V

HIT

V Problem 5.9. 
V

I CIA ENPIOYI STR OIJTPUT
- CIA ENPLOY+5- 

srR oulpur+l
V CIA EMPLOY+6

SIR O(JTPUT+2
HIT

I 

V
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Problem 5.13. Problem 5.14.

CIA EMPLOY CLA NIIO
V SIR EI14UM SUB HEUSED

CIA REGTIM SIR *1140
V STR TOTPAY CIA *1110+1

‘V CIA OVRTIN SUB APUSED I I
SIR IOTPAY+l SIR *1140+1 Li
CIA BONUS CIA *1110+2
SIR TOTPAY+2 SUB CMUSEO
CIA EMPLOY+1 SIR *1110+2 t

V STR DEDUCI CIA NIIO+3
CIA ENPIOY+2 SUB PRUSED
SIR DEDUCT+l SIR *1140+3 V

CIA EMPLOY+3 HIT
STR DEDUCT+2
CIA ENPLOY+4
SIR DEDUCT+3
CIA EMPLOY45

V SIR NEIPAY 
J

V

lILT

I 
V j
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ANSWERS TO PROBlEMS OF PHASE II: BASIC LOOPING

Problem 1.1.

CIA COST
REPEAT ADO TRANS

• TRU REPEAT

The problem asks for the sum of COST+IRANS+TRAtIS+TRANS+etc. We
V can get one COST by writing CIA COST; but to add more than ~~ TRANS

It Is necessary to transfer back to the ADD TRANS instruction again
and again. TRU REPEAT does Just that , tra ns ferring the compute r to
REPEAT, which names ADO TRANS.

As a result , a loop or circle is formed from TRU REPEAT back to
ADD TRANS. giving the endless series: ADD IRANS , TRU REPEAT , ADD

• TRANS. TRU REPEAT , ADO TRANS. and so on. The loop Is diagramed
V below :

CIA COST

REPEAT —) AOD the loop :

TRU~~ PEAI

Problem 1.2.

H -
‘

~~ CLA PAKTS
• REPEAT ADO SUITS

TRU REPEAT

Problem 1.3.

L AGAIN CIA COUNT
V SUB ONE

SIR COUNT

I V TRU AGA IN 
_ _ _ _ _  1.

There are two po ints to notice in thi s program. The first Is the
- - SIR COUNT in struction , which erases the contents of COUNT and copies in

the contents of the accumulator.~~Thus, if COUNT starts with a 5 . SUB ONE
brings it down to 4 , and SIR COUNT erases the 5 and copies in a 4.

Secondly, the syitholic location AGAIN is pl aced bes ide CIA COUNT so
- the instructions will be repeated starting with CIA COUNT. Notice that• ( if COUNT started wi th a 5 before the first loop, it will have a 4 at the V

V start of the second loop.

V 

V V
V V ~~ - V. _VV~~~ -V - -

-~~ V V _ _ _ _
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Problem 1.4. V

V 
V CIA LOOPS

AGAIN SUB ONE ORV STR IOOPS •~~~;
V 

V TRU AGA I N

Problem 1.5. 
V

CIA ZRO V

REPEAT ADD COST V V
TRU REPEAT 

V

Notice what would happen if the accum ulat or were 
~~~ 

zeroed with V

CIA ZRO. The ADD coninand adds the number from the location addressed
(in this case, COST) to whatever is already in the accumulator. If V

the accumulator started with some number from a previous program and V

F V V we did not clear It out with CIA ZRO, the program would add that pro- -.
vious number to all the COSTs. V

Problem 1.6.
V CIA ZRO

V AGAIN ADD HAT V

TRU AGA IN V

Problem 1.7. 3
CLA ZROV 

LOOPER ADD HAT
ADO COAT V

V ADD GLOVE V
TRU LOOPER 

V
.

Problem 2.1. j , I
CIA COUNT V

SUB ONE V

SIR COUNT

II
H 

-—-__—-_~~~~~ V V~~~~~ V~~~~~~~ V~~J
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Problem 2 .2 .  
V

Ii CIA LOOPER
SUB ONE
STR LOOPER

Problem 2.3.
4 V LOWER CIA CASE

SUB ONE
V STR CASE

V - V TRU LOWER V

Problem 2.4.

AGAIN CIA CARD
ADD ONE adding a 1 to CARD

V 
• SIR CARD

V 

CIA FILE
V 1 SUB ONE subtract ing a 1 from FILE

V 
- STR FIIE

TRU AGAIN the loop instruction

I This program can be thought of in terms of three component blocks :
one block to add a 1 to CARD, a second block to subtract a 1 from FILE.
and a final instruction for looping.

Problem 2.5.

V REPEAT CIA COUNT
SUB ONE

j L V ~ SUB ONE
SIR COUNT

-\ TRU REPEAT
V ‘ 

LV~ The clue to this problem is in understanding how the SUB eceinand 
V

works. It changes the number in the accumulator, leaving the changed
number in the accumulator for the next instruction. Or think of it
this way: You have repeated the ADD coninand several times in a row;

b the SUB conunand can be treated the same way.

U

V 
I . V V V  

~~~~V V~~~
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Problem 3 1 aL
V CIA COUNT

SUB ONE
STR COUNT
TRZ STOP

Incidentally, the program would work in exactly the same way if
TRZ STOP were written as the third instruction, with STR COUNT fourth.
The reason is that neither TRZ nor SIR disturbs the contents of the
accumulator. We will keep placing TRZ STOP fourth simply as a matter
of convenience. ii
Problem 3.2. a I

~LA LOOPS
SUB ONE 4

SIR LOOPS ‘- I
TRZ STOP

V 
Problem 3.3.

CIA HATS1
TRZ STOP -STR HATS2 V

STOP HLI V

Progranm,ers often work out their programs using “flow charts .”
Problem 3.3 is shown as a flow chart below:

V 
tiring up HATS1

• HATS1 have Yes —

I Store in HATS2

V V4 
V

V ..1

‘I

I V

/

1
— 1
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V 
Li Pro blem ~~~~~

REPEAT CIA FILE
ADD ONEI -  SIR FILE- 

I CLA CAROl
I SUB ONE I
I SIR CARD I• I- LTRz STOP I

• - TRU REP!AT
STOP HIT

Problem 3.5.

3 V  DOWN CLA MANY
SUB ONE
SIR MANY
TRZ STOP
TRU DOWN

- STOP HIT

L Problem 3.6.

LOWER CIA DECK
SUB UNIT
SIR DECK- .  TRZ STOP
TRU LOWER

11 
STOP HLT

Problem 4.1.

~L1 CLA ONCE
ADO MANY
SIR MANY

•.j The program adds the basic number ( in ONCE) to the answe r loca tion(MANY ), storing the sum back in the answer location.
~~~

F V
,

L Problem 4.2.

V 
f

VVV CLA LACE
ADD SHOE

- j  SIR SHOE

tLi 
_____V V V 

V

V V _. V~~~~~~ — V V
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V Problem 4.3. ~~~~ 
V

CIA ZRO I Clean ing out V

SIR TOTAL I garba ge
REPEAT CIA PAYOFF

ADD TOTAL Add ing
STR TOTAL V~~~~~~V

TRU REPEAT

Problem 4.4.
V 

I CIA ZRO
SIR VALUE

REPEAT CIA SUIT V

ADD VALUE V

SIR VALUE
TRU REPEAT

Problem 4.5. 
~~~- V 

V

V 

CIA ZRO Cleaning out
• 

V SIR TOTAL gar bage
3 REPEAT CIA SALARY

ADD TOTAL Addi ng V

V 
STR TOTAL

S CLA MEN ~1V SUB ONE I Test for V

SIR MEN I completion I
IRZ STOP~~ I

I TRU REPE ~IJ Looping 
V

STOP HLT V

L V

-~ V V _ _ _ _ _ _ _
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Problem 4.6. Problem 5.1.

- - CIA ZRO CIA SOLD2
V V SIR GROSS TRZ STOP Program preparation

• AGAIN CLA PRICE SIR COUNT
ADD GROSS
SIR GROSS

V 

V 

5 CLA SALES CIA COUNT
- SUB ONE SUB ONE Test for

• 
V SIR SALES SIR COUNT completion

• TRZ STOP TRZ STOP
V 5 V • TRU AGAIN

H STOP HIT
V 

Problem 5.2.

Problem 4.7. CIA AGE
- TRZ STOP Program preparation

CIA ZRO STR OLD
SIR VALUE V

V REPEAT CLA PRICE
ADD VALUE CIA OLD
SIR VALUE SUB ONE Test for
CIA PENCI L SIR OLD complet ion
SUB Kl TRZ STOP
SIR PENCIL V

TRZ STOP V
TRU REPEAT

STOP HIT Problem 5.3.

I CIA COIJNTH Checking and saving S

V V I TRZ STOP the loop counte r
I Problem 4.8. 1 SIR TEMPV I CIA ZRO Cleaning out V
- CIA ZRO L~IR VALUE garbage S

MULl THREE REPEAT 
ADD VALUE Adding

SIR All SIR VALUE
CIA MEN CIA TEMP
SUB UNIT SUB ONE Test for V

V 
I SIR MEN SIR TEMP completion

-‘ TRZ STOP TRZ STOP S

-~ STOP HIT I TRU REPEAT j Looping
I STOP HIT

~
j V V V~

1 ?
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__ ~

•
~
• --V.
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I Problem 5.4. - V S

V CLA HAND+1 V .
V TRZ STOP V

STR HAND+2 VV 

CLA ZRO
SIR HAND+3

WASH CLA HAND
ADO HAND+3
SIR HAND+3

V CLA HAND+2 - V
V SUB KON1 V

SIR HAND+2
TRZ STOP 

V

V IRU WASH
STOP HIT H

Problem 6.1. V

Program C

V Problem 6.2.

V CLA SOID
TRZ STOP

V SIR IEMP L-
CLA ZRO

V SIR TOTAL 
-

V SELL CIA BIG -~
1 ADD LITTLE Th is is the only

ADD TOTAL tricky part.
SIR TOTAL V

V CLA TEMP -
V SUB ONE V

V SIR TEMP
V TRZ STOP

V 
V TRU SELLV STOP HLT

4 V

• ‘Li
_ _  V V ~~~~~~~~~~~~~~~~~~~~~~~~ 
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Problem 6.3.

V. CLA SOLD V
TRZ STOP

lb SIR COUNT
CIA HORNS You should save HORNS by relocating It Into

V - - SIR BLOW BLOW before zeroing out HORNS, used later
I CIA ZRO as the answer location.

V 
V I SIR HORNS V

POST CIA PRICE
• ADD HORNS

SIR HORNS
CIA COUNT
SUB ONE V

V SIR COUNT

I TRU POST
V 

STOP HIT

Problem 6.4. V

V CLA ASK
V SIR COUNT

CIA ZRO
SIR TOTAL V

V V FIRST CIA TUBE
ADD TOTAL

1st SIR TOTAL
Program CIA COUNT

SUB CON (N0t ONE)
STR COUNT

~ 1V ~~ 
/TRZ SECOND!- TRU FIRST V— — S~C~N~ Ct~TA3~K~1 
SIR COUNT+l 

_________ 
Since you cleaned out garbage V

THIRD CIA TUBE+1 r from the answer location TOTAL
• ADD TOTAL dur ing program prepara tion for V

2nd SIR TOTAL the first program, you needn ’t
Program CIA COUNI+l do it again for the second.

SUB CON
V 

- .  SIR COUNT+1
TRZ STOP
TRU THIRD

STO
~~~

ThtT

- -- -

I
a

1~
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Problem 6.5.

CIA MEN 
_____________________________________ 

V V

V SIR TEMP 
_________ 

o not zero out location AVAIL; you
V IN CIA MEAL1~ neeTthat number. -

ADD AVAI L
V SIR AVAIL -

I CLA TEMP
I SUB K 1st test for completion; It uses L~I STR TEMP TEMP. not MEN.
LIRZ NEXT

TRU IN
NErr ~LX VIV — — — 

V

IRZ STOP - :
- SIR VISIT

OUT CIA AVAIL r
SUB MEAL2 Subtraction: AVAIL - MEAL2 = AVAIL V V

SIR AVAIL
CIA VISIT

V SUB K 2nd test for completion; It uses 
V

V V SIR VISIT VISIT , not VIP. V V
TRZ STOP ~~~ V

TRU OUT
V ST~P R L  1V 

Program preparation for the second program could have been accoin-
V plished along with preparation for the first , eliminating symbolic

locat ion NEXT . • • V

I I

H 

-

—~~~~ —V - -— -~~ _ _ _
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V V Problem 6.6.

CLA NUM 1
V [ TRZ NEXT I Use NEXT , not STOP.

- V SIR COUNI1
- CIA ZRO Zero out both answer locations at the

S SIR TOTAL1 beginningT1I saves an instruction.
STR TOTAL2

V 

- TYPE1 CIA PRICE1
- ADD TOTAL]

SIR TOTAL I
V CLA COUNT 1

SUB DIGIT 1st test for completion, transferring
SIR COUNI 1 to the second program .
TRZ NEXT

H TRU TYPEI
NEXT CLA NUMZ

I TRZ BOTH If there ’s nothing, go to BOTH.
SIR COUNTZ

V 
V TYPE2 CIA PR I CE2

V ADD TOTAL2
SIR TOTAL2

V 
CIA COW4T2S I
SUB DIGIT I 2nd test for completion, transferring
SIR COLJNT2 I to final instruction.
TRZ BOTH j

- TRIJ TYPE2
BOTH CIA TOTAL]

V ‘ ADD TOTAL 2- SIR BIGTOT
S 

V 
HL I Symbol ic loca tion STOP isn ’t needed at all.

V V

~~~t V  V

H

I

V
i 

V

4 
V
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V Problem 6.7. V

TCIA COST You don’t need to save either V

T~Z_N~XT I number so leave them in the
CIA ITEMS I same locations,transferring to - V 

V

TRZ NEXT I the second program if either is )
TRZ NEXT I zero. Remember CIA does not
SIR ITEMS I change storage b c .

- CLA ZRO —H
SIR FIRST Zero both answer locations here.
STR SECOND —

LOOPI CIA COST
• ADD FIRST This routine computes FIRST = S

V SIR FIRST COST x ITEMS by adding COST into
CIA ITEMS FIRST as many times as ITEMS.

V SUB KON -

SIR ITEM S
V TRZ NEXT Transfer to the second program.

IRU LOOP1V 

NEXT IV I CIA A These Instructions say, “Transfer
I TRZ LAST to final computations If either A V

V I CLA B or B equals zero.” V

V TRZ IAST V

V 

LOOP2 CLA A
ADD SECOI4 D S
SW SECOND This routine computes SECOND .

CIA 8 A x B, using B as the loop counter. V

V SUS KON r . l
STR B 1
TRfl .AST -~~TRIJ 100P2 V

LAST I CIA FIRST Since FIRST = COST x ITEMS , and V

I SUB SECOND SECOND = A x B, it follows that ( V V

LSTR ANSWER (COST x ITEMS) - (A x B) = 
V

V

HLT (FIRST - SECOND).

That was a tough problem. Congratulations if you got it all
right.

r V V

I 
V

- 

• •
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V 

S ANSWERS TO PROBLEMS OF PHASE III: DATA PROCESSING

Probl em 1.1.
-

~ CIA REPEAT 
V

A00 0NE VSIR REPEAT 
V

Problem 1.2. V

L CIA HUBERTV ADD DIGIT
-
. SIR HUBERT

IL
1 Problem 1.3. V

•• CIA LOWER
ADD ONE
ADD ONE
SIR LOWER

V 
HI  Probleml.4.
I V ~~

V V 

CLA ZRO
SIR FINAL

- V.

V REPEAT CIA VALUE V

ADD FIN AL V

SIR FINAL I V

CIA REPEAT Change VALUE to VAIUE+l so that on
- ADD K the next loop VALUE+l will be added

SIR REPEAT Into FINAL .

TRU REPEAT

H

I I 

_  _

I

•~~~ 
-

7 V

• — ___________________
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V Problem 1.5. 
V

CLA ZRO
SIR EVERY

I L V

V AGAIN CIA COST
ADD E VERY

S SIR EVERY

V CIA AGAIN COST is modified to COST+2 for the 
V

-, ADD TWO next loop. • . 
V

STR AGAIN V

TRU AGAI N ~~~•

V Pro blem 1.6.

V CLA MEN (There Is no need for a TRZ STOP instruc -
SIR TEMP tion since 16 Is obviously greater than 0.) V

V CIA ZRO 
--

STR TOTAL .-
~~~~ S

SELL CIA SALES Add I n the number of sales made by the -

ADD TOTAL first salesman.
~TR TOTAL 

‘
- V S

CLA TEMP V l
SUB ONE The test for completion. 

V

SIR TEMP VV IRZ SIOP
V CLA SELL Get the address for the second salesman -

ADD ONE ready.
V SIR SELL

TR IJ SELL Start the loop again to add in the sales
made by the second salesman.

STOP HIT • - V

I (

I 

I

-~~ -- ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~- V
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Problem 1.7.

- CIA TYPES (You have been told there is at least
V J SIR POP one type.) V

ci* zRo
STR SALES 

V

V , fl HIT CI.A RECO RD
V ADO SALES

SIR SALES

V H . CLA POP

V STR POP V
1’ TRZ STOP

V V ~- CIA HIT
V AOD Kl
V STR HIT

V 
- •~ TRU HIT

STOP HIT

Li
~~~~~~ -

~ I 
Problem 1 .8.

V 

CLA ITEM S
TRZ STOP
SIR HOLD

V CLA ZRO
SIR HOURS V

V REPEAT CIA TUBE+3 The 4th word has the hours the tube was
ADD HOURS used, wh ich is TUBE+3.
SIR HOURS

V 

CLA HOLD
SUB ONE V

I - SIR HOLD
ii TRZ STOP

V V CIA REPEAT Since each record is four words long,
ADD FOUR we add a 4 to get to the corres ponding V

SIR REPEAT word In the next record.
V 

• TRU REPEAT

STOP HIT

(

I I V

V V V — ~~~~~~~~~~~~~~~~~ .V — ___________ ~~~~~~~~~~
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Problem 1.9. U
V CLA HELP —— - S

V TRZ STOP iS
V STR TEM P

- CIA ZRO V

V SIR REGPAY
TOTAL CIA RECORD+2 V

-S ADD REGPAY V

V STR REGPAY V

CIA TEMP
SUB CON1

V SIR TEMP
V 

- TRZ SIOP
CLA TOTAL

V ADD CON4 V

SIR TOTAL
TRU TOTAl.

STOP HIT

- Problem 2.1.

S CLA ZRO
V 

STR BONUS :~
CHECK CU PUSH Copy In a number. 

V

TRZ TEST If It’s a zero, skip to the test for V

I completion.
CIA BONUS If It’ s not zero, count the salesman V

ADD UNIT here; he must have made at least one
STR BONUS sale.

TEST CIA MEN -

V SUB UNIT Test for completion. V
STR MEN
TRZ STOP 1

V CIA CHECK 
V

ADD UNIT Address modification .
I STR CHECK S

TRU CHECK Looping. 
-

I STOP HIT 1j ,

H 

V

V 7 _V .  - - V.~~~ -

V 

-

I__V. ____________________________________
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L. Problem 2.2 V

- CIA MEDICS CU MEDICS
SIR TEMP SIR TEMP

V 

CLA ZRO CIA ZRO S

- V SIR CALLS SIR CALLS

AGAIN CIA DOCTOR AGAIN CIA I~)CTOR if not zero
TRZ OUT ) I T R Z  OUT

CLA CALLS I
3 ) 1  A00 0NE I A00 0NE V

- STR CALLS II f zero SIR CALLS

L OUT CLA TEMP OUT CLA~~ NP
I SUB ONE SUB ONE I

V —- - SIR TEMP SIR TEMP
V V TRZ STOP TRZ STOPI CIA AGAIN CIA I~AINV ADD ONE ADD ONE

V SIR AGAIN SIR AGAIN
TRU AGAIN I TRU AtAIN I

V 

STOP HIT STOP HIT
V 

V

1 ’  I

I V

( 
~~~

i

— -
-

~ V V :.i

I Li

I

- V 

- 

H V ~~~~~~S~~
V V V Vn~~~~~~~~
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3 Problem 2.3.

V prog ram V
V 

prepara t ion S
REPEAT CIA TAXES If the number I s zero, the man has not paidTRZ GETH his taxes, and should be counted. ,—

~ ITEST test for
completion 

V

address
V modification

TRU REPEAT

GETHIM CIA NOTYET Non-taxpayers are counted here. When these
ADD Kb instructions are performed, they come im- 

V

V SIR NOTYET mediately after the transfer instruction; V
V TRU TEST since this means skipping the test for corn-

H: 
~~~ H1~ 

pletion and address modification, a transfer V V

instruction (NV TEST ) is needed to go back V

and perform the. before starting another loop.
i l

- , 
V Problem 2.4.

V CIA PER SON
V TRZ STOP V 

V

SIR FILE V

CLA ZRO
SIR EM

V 
REPEAT CIA NUMBER+2 A zero indicates an enlisted personnel ; 

V

- transfer out to count him. V

V FINAL CIA FILE
SUB Ki Test for completion.

V SIR FILE V V~ 5 V

TRZ STOP ft
CLA REPEAT
ADD K4 Address modification. V

SIR REPEAT 
V

I TRU REPEAT
ENLIST CIA EM

ADD Kb Count enlisted personnel.
SIR EN I

TRU FINAL You have transferred out of the loop, so J V

you must get back in.
STOP HIT ,

__ 
-

] 
—

--
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Problem 2.5.

CIA FIRM
1. TRZ STOP

SIR SAV E
L CLA ZRO

SIR SINGLE
L CYCLE CIA WO RKER+3

V - 
TRZ FREE

V DONE CIA SAVEI - SUB ONE
SIR SAV E
TRZ STOP

V CIA CYCLE
I ADD SIX

SIR CYCLE
V IRU CYCLE

FREE CIA SINGLE
ADD ONE
SIR SINGLE

- t.. . TRU DONE Continue the loop where you transferred out.V 

STOP HIT

( 1’-
V i f

4

t
— — — V

I
V -

V

V -~~~ V
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V Problem 2.6.
V V 

CIA PLANES
STR FIY V

CLA ZRO
SIR ONlINE Zero out both answer locations .V 

STR IATE —

CHECK CIA FLIGHT+4 
-

V V TRZ GOOF Zeroes indicate late flights; transfer
V 

V out to count them. S V

S CIA ONTIME
V ADD ONE If a flight wasn’t late (a 0), it was

SN ONlINE on time; count it here.

TEST CU FLY
V SUB ONE All loops must end with a test for corn- V

SIR FLY ~TItion and address modification ,TRZ STOP whether they involve a transfer or not. V.~ V

V CIA CHECK
f ADD FIVE

SIR CHECK c_ s
- 

TRU CHECK Start the next loop. -

1 
V GOOF CIA LATE - V S

I ADD ONE Coun t late fl ights here . ISIR LATE V

TRIJ TEST Go back and finish the loop. - 

-

V 
- - STOP HLT

I -

-

1 V - 

V- =~~~~~~ V~~~~~~~V 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ V.~~~~~~~~~~~~~~ V V V
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Problem 2.7.

V -.- CIA TYPES CIA TYPES
SIR COUNT SIR COUNT
CIA ZRO CIA ZRO
SIR YES STR YES
SIR NO SIR NO

V l LOOP CIA PAINT+2 LOOP CIA tAINT+2 ______

- TRZ NOSOL TRZ NOSOL

CIA YES CIA
ADD CON 1 ADD CON1

- SIR YES SIR YES
LAST CIA COUNT IAST CIA COUNT

SUB CON I SUB CON I ________
- - SIR COUNT SIR COUNT

V TRZ STOP TRZ STOP V

V 

V CLA LOOP CIA LOOPADD CON4 ADD CON4SIR LOOP SIR LOOP
TRU LOOP [TRU COOP I

- V NOSOL CIA NO NOSOL [tC~S N
~~~~~~~1- ADD CON1 ADD CON1

- STR NO STR NO
V I IRU LAST TRU LAST

1 — - -’
STOP HIT

V 
t V !

‘
V V

-

~~~~~~~~ 

LI 
V

I 

S

‘—V.— V~~ 
V 
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Problem 3.1.
V 

S CLA TOTAL H
TRZ STOP V

- 
SN NUMBER V S

- 
V CLA ZRO

SIR MED IUM A B C D  V

S 

- REPEAT CIA BRA If the number was: T! 5 , fl
V SUB IWO it is now : - 1 0 1 2 .

V TRZ COUNT A zero now marks a B-bra; transfer out
- LAST CLA. NUMBER 0f the loop to count them. -

- NUMBER The test for completion. 
V

V 
- IRZ STOP

CIA REPEAT
ADD ONE Modify BRA to BRA+l . I

- 
STR REPEAT

- 
TRU REPEAT Start the loop again. 

-

V COUNT CIA MED IUM Md a 1 to MEDIUM for the B-bra Id ent i - - V

ADD ONE fied by the sorting Instructions . . -
SIR MEDIUM S

TRU LAST Get back in the loop for the completion
STOP HIT test and address modification. V

Problern 32
CIA TOTAL

V -V SIR TEMP
CIA ZRO

V STR LOYAI S

CHECK CIA WORXER+2
SUB K2O

- TRZ TWENTY
OVER CLA TEMP

SUB ONE
SIR TEMP - - S

I IRZ STOP
S CLA CHECK

ADD K5 V

STR CHECK V
V TRU CHECK

S TWEN TY CIA LOYAL
V 

A00 0NE
STR LO YAL

I TRU OVER - i

STOP HIT V

H

V 
---—-V V -
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V Problem 3.3. 
V

V 

V 

CIA LIST
S L .  STR MEN

V 
CLA ZRO

V SIR PASSES
— 1 - 

CYCLE CIA EN+3 To pick out the D’ s , l’ s , and 2’ s ,
SUB THREE subtract 3 to make them negative

I S TRN DETAIL (-3, -2 , and -1).

END CIA MEN
~~~~- SUB ONE

SIR MEN
TRZ STOP

L CIA CYCLE
ADD FIVE

I 
SIR CYCLE

L. IRU CYCLE

DETAIL CIA PASSES Notice that counting occurs before
I ADD ONE the test for completion, even though

I - 
SIR PASSES the instructions are written after;

V 
the computer skips directl y down on

V V TRU END NM DETAIL when a negative nt~~er ap-
-: - I pears in the accumulator. This is why

- 
STOP HIT you must TRU back up after counting.

i- I
- L

-
l [

I t-

S 
V
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V 
Problem 3.4.

You are interested in all numbers greate r than 2 , which means you I
are not inte rested in the numbers 0, 1 , and 2 ~—or the nsmters less than 3. V

So , if you subtract 3, the numbers you are not interested in will - - 
-

be negative in the accumulator, and you can TRN directly to the test for
V completion . V

Take the n~~ ers 0 through 4 , for example. You do not want to count
V 0’ s , l’s , and 2 ’ s , but you do want to count 3’ s and 4’s . SIe what happens

when you subtract 3 from ea~K.
Before After

O -3
V 1 —2 do not count these -

2 -l 

4 do count these V

F- : The complete prog ram , therefore , Is:

V CLA FIGHT 
-

TRZ STOP -

SIR FIGURE
CIA ZRO - - V

SIR LOST
I MORE CIA TRAIN+2 Subtracting 3 makes the numbers you are ~~

V SUB C0143 int erested In negative , and you can IRN
IRN DONE directly to the test for coeVlet ion . - - 

V

CIA LOST Numbers that are left are the ones to be - -

SIR LOST coun e

DONE CIA FIGURE
V 

SIR FIGURE The test for completion.
TRZ STOP V

- 
CLA MORE
ADD CON4 Address modification. - V

SIR MOREI IRU MORE V

STOP HIT V

1: 1

____ —

I — i

J - 1
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V Problem 3.5. S

I First, look Just at the sorting instructi ons. You want to count
the l’s starting at sy~~olic location NONTH1 (for January ) and the 2’ s
starting at sy mbolic location NONTH2 (for February) .

- Thus , If you subtract 2 , the 2’ s will be 0’ s In the accumulator
1 and the l’ s will be negative , or -1, in the accumulator. The sorting

- Instructions are, therefore:
V C0~~UT Cli VACUUN+4

SUB NO
S TRN MONTHJ
- TRZ MONTH2

The TRN and TRZ ins tructions can be reversed , of course. The pro-
gram will still work the same .

The complete program would be as fo llows:

CLA TUBES
- TRZ STOP

V SIR HOLD
V CLA ZRO

SIR JAN Zero out both answe r
SIR FEB locatIons .

V 
- COMPUT Cli VACUUN4 4

-- SIJB TWO
I !  TRNMONTH1

TRZ HONTH2
- - LAST CIA HOLDV SUB ONE
5 STR HOLD V

H-  TRZ STOP V

CU~ O,WUTS ADD SZX
STR COMPU1
TRU COMPUTV 

~~~T h t L~~ Aff~~~ADD ONE
- - V These two blocks SIR JAN

of instructions  TRU LAST_  Back to the test for completion. S
- could be ~)~frff2 ~LA F’EW

- switched. ADD ONE
SIR FEB

V -_ iRU LAST Back to the test for completion .
V 

I i  V
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Problem 3.6. - -

Of the numbers 2 , 4 , and 6 , the ones you want to count are 2 and 6 .
If you subtract 4 , they become -2 , 0, and +2. ThIs allows you to TRN V

V to count small-sized shirts , TRZ directly to the test for completion -

(these are medium-sized shirts and you ’ re not interested), and count
large-sized shirts directly afte r sorting . -

CIA TOTAL
TRZ STOP

S - STR NUMBER }
~

-
CLA ZRO 1

SIR SMALL 
V

SIR LARGE

SORT CIA SHIRT
SUB K0N4 -

TRN COUNT 2’s are now -2
V TRZ END 0 ’ s Indicat e medium-sized shirts V

CLA LARGE What ever is left started out as a 6
ADD KON1 and is still positive ; count them ‘- -

SIR LARGE here.
V 

END CIA NUMBER 
V

SUB KON1
SIR NUMBER - -

TRZ STOP

CIA SORT V

- ADD KONI ~~~
- V

SIR SORT V

TRU SORT - I
I

COUNT CIA SMALL
ADD KON1
SIR SMALL 

- -
TRU END Don ’t fo rget to finish out the loop . V

STOP HIT V I

(I

‘V I

p V

I

L V

I

I V

I. 

-

_ _ _ _ _ _



V 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

III V

S F — 31 —
Problem 3.7.

- You want to subtract 8 to make the Umidd le ll number zero. Then 
V

— you can TRZ to count marginal men , TRN to count the men who flunked ,
• • and count the men accepted afte r the rest have been eliminated. Since

-~ the largest number available for subtra ction is a 4 , si mply subtract
it twi ce.

- L .  CI.A PUPIL
SIR MEN
CIA ZRO

I SIR FLUNK Now you have three answer loc ations.
- I SIR MARGIN Zero them all.

- SIR ACCEPT
V V LOOPER CtA O~F~N1+T

SUB FOUR
L SUB FOUR

V S TRN OUT
V TRZ MAYBE

CrA Ae~C~PT —

ADD ONE
V ~~

-- SIR ACCEPT
LAST Ctfl4~N VI , SUB ONE

STR MEN
V t~~ - TRZ STOP

CEA L~ VEk —V 

- . ADO FOUR
I SiR LOOPER -

V U L~~ E~ This marks the end of the loop in terms of V

S OUT CtATFtUWK the actual order In wh ich instructions are
ADD ONE carried out. The counting instruction~SIR FLUNK ar-c written at the end , but they are per-

- _TRU LAST  fo rmed before the test for completion and
- MAYBE CtA)IAR~Ø1 address modification.

ADD ONE
SIR MARGIN
TRU LAST

STOP Htr S

L
L 3;

I

—— V 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ - 
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Prooit’~ 3.8. V

The ni~~ers 0 through 6 represent tubes that are all right. Tubes
represented by 7 through 12 are to be checked , and numbers 13 and S

greater are for tubes to be replaced. - I

If you subtract 7 , the numbers 0-6 wIll be negative and you can j -
~~ - V

TRN directly to the test for completion . The numbers 7-12 , the tubes - V

to be checked , wil l  become nu~~ers 0-5. Therefore, if you then sub- ~-tract again , using a 6 , the tubes to be checked will be represented by
negative numbers and you can TRII to count them. Anythin g left is a

V tube to be replaced .

There is another way to so lve this problem, perhaps the one you
chos e. If you start by subtracti ng 6, the tube s that are all right
will be represented by either negative or zero na~~ers , and you can
TRN and TRZ to the test for completion . If you then subtract another
6 , thi tube s to be checked have negative or zero numbers , and you can -
TRN and TRZ to count them . -

Assuming you got the rest of the program correct, the sorting in-
st ructions will be either of the followi ng:

S CIA TUBE CLA TUBE ~~~ - V

SUB SIX SUB SIX V V
V SUB ONE IRN TEST - - V

TRN TEST TRZ TEST -

V 

I SUB SIX SUB SIX r
TRN LOOK TRN LOOK ) - j
CtTR~)~~~ TRZ LOOK
A00 0NE C~ T~D~W I
STR REMOVE A00 0fIE ~~~~~~ 

V

V STR REMDVE ‘ I S

I i

- -—- --—----V ---
-

e .
~
j I

I I

-
~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —— - 
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Problem 4.1.

FIRST CIA COST
I SECOND SIR COST+lOO

CIA K1 00
SUB K1 V

‘H STR K100 V

TRZ STOP V

CIA FIRST
V 

- ADD Kl Change COST to COST+l.
V 

SIR FIRST
L - CIA SECOND

ADD Kl Change COSI+100 to COST+lOl .
S SIR SECOND

V Li TRU FIRST On the second loop, COST+l will go into
STOP HIT COST+lOl .

Problem 4.2.

This isn’t as tough as it looks. If you gave up on it, read the
1 clues below and try it again before looking at the answer.

S V The relocation instructions are:
CLA COST V

t - STR VALUE
CI~A ZRO

— 

- 
SIR VALUE+1

On the next 100p, you want to relocate COST+l into YALUE+2 and put
- - zero into VALUE+3. So all three addresses must be changed during address V

modification . Ask yourself what addresses you need in place of COST,
- VALUE , and VALUE+ 1 for the seco nd loop .
- L. Now try the problem again and then turn to the next page for the

answer.

-i --

I I

ILd~~&VV_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Problem 4.2. (contInued ) -

FIRST CIA COST - - V
SECOND SIR VALUE V

CLA ZRO
V THIRD SIR VALUE+1

CIA CON100 I_ . ! -

V SUB CON1
SIR CONJ OO The address (the name ) of the location is -

V 
IRZ STOP the same, but its contents are now different. 

-

CLA FIRSI 5
ADD CON1 A d d a l ,n o t a 2 .  

V

SIR FIRST

V CIA SECOND V

ADD CON2 ~~~~~~ 
V

S SIR SECOND
CIA TH IRD
ADD CON2
STR IHIRD H
TRU FIRSTS STOP HIT S

V 

V
I

I L

V
-i 

V

- 3
V

- - - — - -V -- V -V -- 

-

V -i S

I -:

— 
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Problem 4 3

V 

CLA VOLUMS (Notice the spelling; only s ix letters are
- - SIR CHECK allowed.)

CLA ZRO S
STR OUT

READER CIA BOOK
V 

1 ’  TRZ DONE
MARK SIR FINE If BOOK has a 1, it is still In the accumu-

V CIA OUT lator and can be stored , or relocated, in FINE.
ADD 1(1 The 1 cannot be added to OUT with another SIR
SIR OUT comaand, however , since SIR first erases the

DONE CIA CHECK locati on addressed , before copying in the nun-
SUB 1(1 ber from the accumulator.
SIR CHECK
TRZ SIOP 

V

V - 
~ - CIA READER

ADD Kl Modify BOOK to BOOK+l .
I SIR READER

V CLA MARK
- - ADD Ki Modify FINE to FINE+l .

V STR MARK
TRU READER

L~- STOP HLT

Problem 4.4.
Here ’s what you want: TUBE TUBE+l TUBE+2
And here ’s how to do it:

I f
S I CIA TOTAL

V SIR COUNT
FIRST CIA TUBE+2

V SECOND SIR TUBE+1 V

L.. CLA COUNT
SUB ONE
SIR COUNT
IRZ STOP

CLA FIRST
ADD IWO
SIR FTRST

[ CIA SECOND
V A00 0NE V

V I SIR SECOND

STOP HIT S

-

‘

V 

L 
V

I
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- Problem 4.5.

V Look at this problem in terms of a block flow chart . The sorti ng V

S instructions subtract 2 (the “middle TM number), making the numbers in the -

accumulator negative, zero, or positive. Negative ni~~ers then indicate -

• - company grade off i cers , zeroes are fi eld grade , and positive nt~~ers are V~
S for general officers, which can then be eliminated by going directly to S

the test for completion.
V Notice in the complete progra. below that two wc,rds are used , but
S one of them appears twice (in the two counting blocks) which means that S

it must be modifi ed in both places, resulting in three blocks of address ~- -  S
V modificatIon instructions. 

__________ 

S V

V 

I 1DN % subtract I‘ ‘ and sort
_______________ 

(DRIVER) 
________________ -

add company J add leld . V

grade tickets I grade tickets
I (DRIvER+l ) ,j, ~MuvER+l

_________ 
test for I

cc~~letion S

1. -

addres s
modification 

~~ 
V

S V 
V (DRIVER and -V

- the two places ~~
- -

where DRIVER+1
is used)

I CIA TOTAL 
_ _ _ _ _ _ _  

CIA LEAF -

S • -~ SIR HOLD ADD -K3 
V

CIA ZRO _SIR_L~AE —SIR FINE _ TRU TICKET
SIR WARN BAR CEA D~IVE~+1 

-

TICKET CtA DRIV~J ADD FINE
I SUB K2 SIR FINE

V TRN BA* IRU OVER I :
IRZ LEAF LEAF CIA o~IVE~+i V

V I OVER CtA~~~.ff 
— ADD WARN

SUB Kl SIR WARN
SIR HOLD _ TKU_OIER —I TRZ STOP STOP HIT -

Ctf’rTCRrr
ADD K3 -

- SIR TICKET
—

ADD K3
_SIRVM R_ —

F (continued in next SI 
V 

column )

r~
_______  

L

-- V

I
-$ -
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-~ Problem 5.1.
V You have only one symbolic location (besides STOP). Therefore,

- you can’t start the loop with CIA ZRO since you need the symbolic
V location to modi fy TRASH. The solution is to CIA ZRO as the last in-

V struction in program preparation and also as the last instruction In
- the loop . Remember that transfer comnands do not change numbers In

- I the accumulator , so it is still there for the SIR TRASH instruction .
CIA ITEM

S SIR SAVE (81 is obviously greater than iero; there is
CIA ZRO no need to insert a TRZ STOP Instruction.)

- NEXT SIR TRASH
-- CIA SAVE

SUB KON
I , STR SAVE

TRZ STOP
CIA NEXT
ADD KON

f STR NEXT
CIA ZRO This is the critical instruction .V 1’ TRIJ NEXT

STOP HIT
L Incidentally , you may nave noticed that just about any problem can

be solved in several different ways . Take the adding Instructions you
learned long ago.

To add COST repeatedly into TOTAL: CIA COST
ADD TOTAL

V SIR TOTAL

I But you could just as easily write: CIA TOTAL V
-~t ADD COST

SIR TOTAL
V The Instructions need not occur as a single block of consecutive

V instructions either. You add COST into TOTAL in the following wayt:
I 

~~~
---

~ CIA ZRO CLA ZRO
I SIR TOTAL -- or -- REPEAT I STR TOTAL I

- REPEAT ADO TOTAL I test for
I SIR TOTAL I conpletion

I Li test for ad~ress
co~ ,let1on modification
— ad~ress CIA TOTAL

I 5 modification ADD COST
CIA COST I TRU REPEAT

V 

-- - 
TRU REPEAT I STOP HIT V

STOP HIT

L I 

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Problem 5.2. Problem 5.4. -

CIA NUN CIA ITEMS I -
- S SUB ONE TRZ STOP

SIR HOLD SIR TEMP -

p1 ~ 
CIA ZRO

rii~~~I ‘‘~,‘ ‘~~~~
“ SIR NEED

SIR EXCESS
V ADD ONE [TOTAL SIR TEMP 

V

P-I A ~~ 
COMPUT CIA SUPPIY+2 -.

LII.fl flUI IJ SUB K0N2SUB ONE TRI4 ORDER
TRZ STOP

V CIA EXCESS 
-

V ADD ONE ~~~~~SIR FIRST .“ 
~~ 

‘-U .,

DONE CIA TEMP S
CIA TOTAL SUB KON1

V ADD ONE SIR TEMP
V SIR TOTAL IRZ STOP I -

V V TRU FIRST CIA COMPUT
STOP HLT ADD KON6

STR COMPUT
- - TRU CONPUI 5

Problem 5.3. ORDER CIA NEED
- ~

- 

V ADD KON1 V
CIA ZRO SIR NEED
SIR ANSWER T~ ’ DONE - 

I

ITEM CIA SORT V

I TRZ IAST STOP HIT
S TRN LAST

V CIA ANSWER V

ADD KON S

- 
V SIR ANSWER

LAST CIA TOTAL 
V

SUB KON
V - SIR TOTAL

IRZ STOP

CIA ITEM
ADD KON 

-

STR ITEM - V

I TRU ITEM
STOP HIT - 

V

—

4 5 I 

- -- --- V ~VV.~~~~~V V V.~~V
_- —  -~~~ _ _ _ _ _
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V III

I. Problem 5.5.

V V Thi s problem asks you to count the 20’s (persons who will be 21
~ next year) and the numbers greater than 20 (persons 21 or older now).

So if you subtract 20 , negative numbers can be eliminated , zeroes
are persons 20 years old , and what’s left are persons 21 and older.

V 
~~~I CIA ZRO
I S  SIR NOW

V 

- 
STR LATER

V COMPUT CIA DATA
V 

- SUB CONSI To subtract 20, subtract 21 and add 1.
V ADD CON1

V IRN TEST
V TRZ NEXTYR

S CIA NOW
i ADD CON 1

SIR NOW
V TEST CIA - TOWN

V ~S SUB CON1
I - SIR TOWN

TRZ STOP
I f  - CLA CONPUT
H . ADD CON1
VS SIR COMPUT

TRU COMPUT
NEXTYR CIA LATER

V - ADD CON1
SIR LATER
TRU TEST

-
~ STOP HIT

- I This problem could be solved a variety of ways. This is one of
L the shorter solutions , but yours may work just as well. The importantI criterion Is not how long a program is, but whether it works.

5 5.

t L
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Problem 5.6.

S CIA OFFCAN -

TRZ STOP V

SIR MEN
CLA ZRO -
SIR PIUS -

SIR VALUE
DATA CIA APPLY+4 

- 

V

SUB KON2
TRN ACCEPT 1 (for acceptance) - 2 -1 

- 

- S
LAST CLA MEN

SUB KON1
SIR MEN
TRZ STOP -

CIA DATA ~~
- 

V 
V

S V ADD KON5
SIR DATA - H
CIA ACCEPT Get the address for the next candidate’s 

- V

V 

ADD KON5 test score , whether or not it Is actually 
-SIR ACCEPT used. V

‘
~111W DATA

ACCEPT CIA APPIY+3 When these instructions are used, they -

ADD VALUE are per-formed before the test for corn- -

SIR VALUE plet ion , even though they are wri tten after.
CIA PLUS (If test scores are added before accepted V

ADO KOHl candidates are counted , only one symbolic V

SIR PLUS location Is needed.) 
- -

TRU LAST -

V 

STOP HIT S

~~~~~~

- 

V

- I  I

(

I S

—-- -~~~~~ - - —, 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~ - - . -

~~~~-~
--

~ 
- - - ~~~~:- . -~~~—
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- ANSWERS TO PROBLEMS OF PHASE IV: ADVANCED TECHNIQUES

- I Problem 1.1. Problem 1.2. 
5

CIA STOCK1 CIA STOCK
STR TEMP SIR TEMP

H I  CLA STOCK2 CIA ZRO
V 

V SIR TEMP+l SIR TOTAL- CIA ZRO NEXT CIA TUBE
SIR VALSIK TRZ COMPUT
SIR VALSTK+l CIA VALUE

- SIR TOTAL ADD TOTAL
V 

CIA VALSIK SIR TOTAL
V ADD VALUE LAST CIA TEMPV 

- V SIR VALSTK SUB ICON
CLA TEMP STR TENP

S SUB ICON TRZ *~9- SIR TEMP CIA NEXT
- TRZ *+2 ADD ICONS IRU *_7 SIR NEXT

CIA VALSIK+l TRU NEXT
- ADD VALUE+l CONPUT CIA VAIUE+l

SIR VALST K+l ADD TOTAL
CIA TEMP+1 SIR TOTAL
SUB KON TRU LAST
SIR TEMP+l HIT
IRZ *+2
TRU *_7CIA VALSTK

4 - ADD VAL STK+J
SIR TOTAL
HIT

1
1

I

L~i 
V

I
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Problem 1.3. Problem 1.4. L

CLA NUN CLA IU
TRZ STOP TRZ STOP

I SIR COUNT CIA ZRO 1.
- CIA ZRO SIR TOTEMV 

SIR HOQTS DATA CIA INFO i -

V STR MS TRN EM
SIR NOTREQ CIA I(N

S CIA INFO-IS SUB Ki
SUB K2 STR MEN V

TRN HOQTOT TRZ STOP I -
IRZ NASEC CIA DATA L -

CLA NOTREQ ADO K3
AOD K1 STR DATA
SIR NOTREQ TRU DATA V V

S LAST CLA COUNT EM CLA TOTEM
SUB K1 ADD K1 I.

SIR COUNT SIR TOTEM S

TRZ STOP TRU DATA+2 -

CIA LAST-i STOP HLI
V 

ADO K6
SIR LAST-i
TRU IAST-7 -

HDQTOT CIA HDQTS
ADD Kl
SIR HDQTS
IRU LAST -

V MASEC CLA MS
ADD K1
SiR MS
TRU LAST

STOP HLT

1~

Li _
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- L Problem 1.5. Problem 1.6.

CIA PERSON CIA COUNT- 
I STR HOLD TRZ STOP
I -. CLA ZRO CIA ZRO

SIR UP SIR 101
RANK CIA RATING NEXIOT CIA STAT

SUB KON TRN AGAIN
I TRZ SECOND CIA COUNT- -  

LAST CIA HOLD SUS K1
- SUB K014 SIR COUNT

SIR HOLD TRZ STOP
TRZ STOP CIA NEXTOT

5 - L  CLA RANK ADD K1
ADO K5 SIR NEXTOT

V SIR RANK IRU NEXTOT
V IRU RANK AGAIN CIA TOT

V 
(- - - SECOND CIA RATING+2 ADD Kl

SUB TIME SIR TOT
ADD KON CLA AGAIN

S I TRN LAST ADD Kl
L. CIA UP SIR AGAIN

I 
- ADO KON TRU NEXIOT+2
I -  STR UP STOP HIT

TRU LAST
S STOP HIT

ftj 
~ ..

-~ 1.:: 
V

1~i
I-:-
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V Problem 1.7. Problem l.7b
V CIA COMPY CIA COI~ Y - -

V STR HOLD STR NUN S
OLD CLA RECORD CIA ZI~

) i -
STR UPOATE STR TOT*L S
CIA RECORD+l SUN Cli UPDAIE+3 - 

V

SIR UPDAIE+l ADO TOTAL - 
V

CIA RECORD+2 SIR TOTAL
SIR UPDATE+2 CIA NUN -

— CIA UPDATE+l SUB 1(1 V

SUB UPDATE+2 SIR NUN V

SIR UPDATE+3 TRZ STOP
V CLA HOLD tLA SUN 

-

SUB K1 AOO K4
STR HOLD STR SUN j -

TRZ STOP TRU SUN
V CIA OLD STOP HIT S--

ADD K3
SIR OLD -
CIA OL0+l
A00 K4
SIR 010+1 Probl em 2.1.
CIA OLD+2 ~. s
ADO K3 SUB COST,1R3
STR OLD+2 -

- CIA OLD+3
ADD K4

V SIR OLD+3 Problem 2.2.
- I CLA OLD+4 HV ADD K3 SIR BOOK,1R1 - 

I
SIR OLD~ - 

V

CLA OLD+5 S
ADO K4
SIR 010+5 Problem 2.3. V

CIA 010+6
ADD K4 CLA IR1 S

SIR 010+6 ADD ONE -

- CIA 010+7 STR IR1 - - V

ADD K4 -

SIR 010+7 - S V

CIA 010+8
ADD K4 -

SIR 010+8 -
TRU OLD SI STOP HLT I

--

-
~ I

*r -

_ _ _ _ _ _ _ _ _ _
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V 
- Problem 2.4. Problem 2.6. 5

F- CIA MEN CIA HELP
- STR TEMP STR IR4

S CLA ZRO CLA ZRO
t V 

STR IR2 SIR IR3
- SELL ADO SALES,1R2 TOTAL ADO RECORDI2,1R3
- I SIR TOTAL SIR REGPAY - 5

r L CIA TEMP CLA IR4 S

- 
- 

SUB ONE SUB CON1 -

F STR TEMP STR IR4 -

H - TRZ STOP IRZ STOP -~

IL CLA IR2 CLA IR3
V I ADD ONE AOO CON4 -

STR IR2 STR IR3
V I CIA TOTAL CIA REGPAY

I TRU SELL TRU TOTAL
- STOP HLT STOP HIT

Problem 2.5. Probl em 3.1.

CIA TYPES LOD ZRO,,IR1
V SIR POP

V H CLA ZRO 
V
S

- STR IR1
HIT ADD RECORD, IR1 Problem 3.2.

5 , SIR SALES
I CIA POP LOD MAN,,1R2 -V

1 -  SUB K1
V SIR POP

IRZ STOP
CLA IR1 Problem 3.3.
ADD- Kl
SIR IR1 LOD COUNT,,IR3
CLA SALES I
TRU HIT -

STOP HIT S

-~~ Probl em 3.4. -

1 1 
100 ZRO,,1R2
100 TOTAL,, IRl
CLA ZRO - 

V

~~~

- 
V i 

i t__ S - -

-1 L -

- V

- -  - -V ~~~~~~ V-
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Problem 3.5. Problem 4.1. 1

- LOD ZRO,,1R3 100 NEN,,1R2 I
V LOD TEN,,IR1 100 ZRO,,IR1

CLA ZRO CLA ZRO t- -

S CRAVAT ADO TIE,1R3 ADO PUSH IR1 S
-

~ SIR AIlS-HER TRX *_l ,IR1,1 - I
CLA IR1 SIR BONUS

- SUB ONE HIT
- STR IR1

- S - IRZ STOP V S

CLA IR3
ADO ONE Problem 4.2. -

V 1 STR IR3 I
- CIA ANSWER 100 MEDICS,,1R3

V IRU CRAVAT LOD ZVRO,I 1R2 f I
5 1 STOP HIT CIA ZRO L I-

- ADD DOCTOR,1R2 V
V TRX *_1 ,1R2 ,l

SIR CALLS :-
HIT

Problem 3.6.

1 100 ITEMS ,, IRl -
LOD ZRO ,,1R2 Problem 4.3. I -- CLA ZRO

-
~ REPEAT ADD TUBE+3,1R2 100 ARRIVE,,1R2

SIR HOURS 100 ZRO,,1R1
CIA IR1 100 LEAVE,,1R4 5 I 

-
- TRZ STOP 100 ZRO,,1R3 V

SUB ONE CIA ZRO
V SIR IRl AIID IN,IR1 S

S TRZ STOP TRX *_l ,IR1 ,l I
- CIA 1R2 ADD OUI,IR3 V

V ADD FOUR TRX *_ l,1R3 ,l S
SIR IR2 SIR TOTAL
CLA HOIJRS HIT H I —

TRU REPEAT S 
-

STOP HLT - - S

I I i

I

I 

I 

V. V _ _ _ V~~j
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V V Problem 5.1. Problem 6.2. V

LDX 6 ,IRl ,O CIA STOCK
CLA ZRO STR TEMP

S i - ADO TYPE,IR1 CIA ZRO
TRX *_l ,IR1 ,l SIR VALSTKI - SIR TOTAL CONPUT Cli VALSTK
HIT ADD VALUE

SIR VALSIK
- 

- -  CLA TEMP
V SUB ONE

- 5
- Problem 5.2. SIR TEMP

I TRZ *~5
‘V .  LOX 4,1R2,O CIA *..6

CLA ZRO ADD ONE
V I j ADD PAY ,1R2 SIR *4

-
, TRX *_l ,1R2,1 TRU COMPUT

S I ~- SIR GROSS HIT
HIT

- Problem 6.3.
Problem 5.3. -

V ADD PAY ,IR3
S 

S LOX 3,1R2 ,O
V CIA PAY

V - ADD PAY+1,IR2
IRX *_1 ,Ip2,1 Problem 6.4.
SIR GROSS
HLT SIR COST,IR2

Problem 6.1. Problem 6.5.

START CIA STOCK IOD VALUE,,1R4
I l STR IEMP
I’ CLA ZRO

V L. SIR VALSIK
CIA VALSIK

I I ADD YALUE
V STR VALSTK

V .- DONE CLA TEMP
SUB ONE

I SIR TEMP
H TRZ DONE+8

S H CLA DO14E-2
I ADD ONE

SIR DONE-2
F H TRU DONE-3 V
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Problem 6.6 . Problem 6.8.

LOO ZRO,,IR1 100 ZRO,,IR2 V

100 TOTUBE,,1R2 100 TUNE,,IR3 S

CIA ZRO CIA ZRO
REPEAT ADD TUBE+1,IRI ADO TYPE,IR2 V

SIR VALUE TRX *.l ,IR2 ,l
CIA 1R2 SIR ANSWER - 

-
IRZ STOP HLT . -
SUB K.0N1
SIR 1R2
TRZ STOP
CIA IRl Problem 6.9. -
ADD KON3 - -

SIR IRl 100 ZRO,,1R3 
-V CIA VALUE IOD RENT,,1R4 -TRU REPEAT CLA ZRO

STOP liLT ADD INCOME,1R3 V.
TRX *_l,1R3,l 5
STR ALL
HIT I

Problem 6.7. -

LOO ZRO,IRl
100 DAY,1R2 Problem 6.10.

S CIA ZRO
AGAIN ADO INFO+3,IRI LDZ 7O,1R4 ,O S

SIR TOTAL CIA ZRO - -
CLA 1R2 ADO PAY ,1R4 S
IRZ STOP IRX*_l,1R4,l V
SUB ONE STR TOTSAI
SiR lR2 HIT -TRZ STOP
CLA IR1 -

ADO FOUR
SIR IR1 Problem 6.11. 5
CLA TOTAL f V ~

IRU AGAIN IDX 20,IR 1,0 I
-s STOP HLT CIA ZRO S

S 

ADD PRICE .1R1k TRX *l ,IR 1 ,l
STR ALL
HLT V

r
~1

V i
V 

V . —

.

~~ 

I

V 5 V
~i 

I
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I Problem 6.12. Problem 6.14.
V 

- LOD ZRO,,1R1 IDX 90,IR2,O
V S 100 STOCK ,,IR2 CIA ZRO V

CLA ZRO STR INV V
- SIR TOT CIA UNI,,IR2

CIA TUBE,IR1 TRZ *+5
SUB KQN ADD INV

S INN *+6 ADD VALUE
5: CIA VALUE SIR INV V

ADD TOT TRX *_5,IR2,l V

STR TOT HIT
I TRX *_6,IR1 ,1 CIA VALUE+1

I L -  HIT ADD INV
CIA VAIUE+1 SIR INV

- ADD TOT TRU *..5
SIR TOT -

V

L TRU *..5 V

— - Problem 6.15. 
V

Problem 6.13. LOX 6,IR 1 ,O
CLA ZRO —

LOD PERSON,,1R4 ADD IYPE ,IR1 
V

- 
IOD ZRO,,1R3 TRX *_l ,IR 1 ,l

- CIA ZRO SIR TOTAL -
S SIR UP LOD TOTAL,1R4

CIA RATING,1R3 100 ZRO,1R3
SUB ICON CIA ZRO

I [I TRZ *+6 ADD COST ,1R3
ADD KON TR X *..1,1R3,1

V - TRX *..4,1R3,1 SIR VALUE
HIT HIT
SIR UP

S IRU *_6
— CIA RAT IN G+2

S ~- - SUB TIME1 1  TRN *_9V 

L -  IRZ *_ 1O 
-

V

V TRU *_8

I V

1±1 
J

V.- -

-
~~ ~ I
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