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Efough of the ALGOL language is introduced in this chapter to enable a .

13
student %o write very simple programs.| One series of exercises is arranged in .

. ‘ such a way as to build Up complete pTr gi'ams, any or all of whith, can be com-

_buter tested. These are exercises 1-p at th‘ef’ end of sgctions L oo .
LY T . va T
. © A2-3 Set A . * N L
) PR » . ' .
~ . A2.3-8et B .~ PR Lo . .
¥ . . - . _ -
and -A2-7. -t . o t e . . .

/ - ¢ -
‘ LY

: In addition, Exercise 8, Section 42-7, is also recormne:ndgd for computer -

Y~ testing.. It will ‘be interesting %o the better students. You may need to give
. f ‘- N Y e

¢

the students some.special help wn;th thig one. : -
o P » - N -
. . ER » e . O S
' - ‘ - ! . ' Al 4 . ’ .
The outline: . ‘ - T .
, - _———— * : . Ny . . .
47 4 . . . . .y R ,‘
A2.1 Some batkground: on What is ALGOL ' and: whett ALGOL programs’ look Yo
- :like- N / . . ot . VA .o ‘1 y ] [
L ‘. A2j2 The elements of the language, its charagterls, n#merals for co
. o " constants, ‘vgrfablés, labels, names for functions, operators; ~
B ! ) and .special :symbolis. ) : . ’ .
. A2-3 ' The read a{}é print statemengs are fntroduced. Since ALGOL doeés ° ) 3}
‘ - Hot -Specify, forwat codes for describing input and output records, _- .

only a gereral awareness of the groblem is transmitted to the
, students, A suggested free form for"data cards and a standard:

T ) ZTormatted ‘output are-imagined} These are explained by discugs-’ -
T ing the execution of redd and [print procedbres in‘a typical .

ALGOL implementation, - -
. o A : . A N
< Az-lt; The .assigrment statement ia explained largely in terns® of what .
' . has beensbearned from ‘the extensive materia]" in the flow chart - .
S . t}egct, ~The student should pay’attention to the difference besr 5% Y ’»

. tween real and #nteger division, the latte:: being explained in
" terms of the greatest integer functién. . e

Ve -
. A25 Order incomputation in an I; expression is explained iry s ‘
{ o . " terms of the material giv’gp in the flow chart ‘texk., 4
. - . . ~ . s K
+A2.6 ‘anverting\integersw to reals g‘n@,vicev versa is shdwn to be decom- . .
. plish'ed by the assignment stateyent. ° i » .
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f A2-T7 A simple (but complete) ALGOL progrem is disglayed and a set of
. i exercises given where the student. 15 asked to‘write his first

§ - complete programs. The copcept of Yhead" and "body" of .a pro-
'gram is introduced. So is the notion of = compound statement ~

- .&s opposed.to a simple 's atement. , The concept of a "block" is -
. 0 not mentioned, however. 4 W
. . ' ' .. . .‘ ) o.‘ -
. - . . . . - - 3 V4
". Literature om ALGOL 60 and its iMplementation \/ .

" A nonexhaustive ‘List is provided here.

- R . -
- so¢ .

A, Referente manuals (The_ maﬁuals Jisted are revised feequently and the

Lt . dgecumént numbers that are given may not refleet the lajest revision.) , 'd
. . N ”’ o ! . , . . . Compu‘ter
. 1, "Bbctended ALGOL Reference Manual for the « .
g B5000." Burroughs Corp., Bull. No. 5000121012 B5500
o ! : .
2. ‘"Miscellaneous Facilities of Extended AL(R)L for- ‘ - .
¥ B5000." Burroughs Corp., Bull. No. 5000~ 21013 -
. w 3. Burroughs Algebraic Compiler, Bull., No. 220—21017 '322(_)
, ik, ALCOR Algol for the IEM 7090 - ©IBM TO90/9% T\
: ., Latest reference manual avail®ble from the ’ .

University of Illinois Computer Laboratory ®

. . + . ~ 4

B. Primers, guides énd other texts . '
The best gource of such material is the SMSG 9.nnotated bibllography
entitled "S¥udy Gulde in Digital Computing and Related Mathematics,'
,which is reprinted at the end of the Teachers Commentary for the ot
* Main Text. See espec1ally the references mentioned in Settion III,
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- A2-1 "Target" programs and source programg ¢ : » . .

Terminology changes rapia&y'in a field which is movdng as rapidly as the

computer field." Mcst of the ¢lder literature uskd the teYm object program.
< ] —

We !ie using the currently preferred term in, chd sing,the word target. ~
. T
<In additfon to the normal maﬂner of brocessing a source prorram as de-
- ’
"scribed in the student text there is an alternatlve approach Wthh rs worth

»

2
know1n& about. 1In tnls abproach, the procesScr or- compller pregram produces

v
.2 target program which is egecuted in the 'rpternretlve mode."
t oo ® T »

This tyve cf target rogram ‘consists ¢t instructions that are not strictl
: pe cf target p ;

machine ccdes. ‘They are machine-lize instructicn ccdes, often called an

"{nterpretive" code. - ro .
. * ¢

. . ?

rc‘crder c execute such a tar, £et, a snec a ly develcped ' 1nterpreter

nrcsram wust be storéd lﬁ memcry alon" with the target before executron can

R -

oceed Sucn ccmpilers have oeen very successful, especra‘ly on machlnes X
7ith ‘11m1+ed memery such as tie iBM 1620. The interpreter program has uhe task Sy,
- \} uernret*ng and then carzwﬁng ocut the intent of each pseudo instruction ' z
of thé tarcet code. The lpternreter prcgram in a sense slmulates a computer
v within a computer. The success. of these conpl‘ers is eXplained by the/faé%
that an AL@?L source program translated into interpretive ¥ode cften occupies ‘:
far less menoxy (£ e"er pseudo 1nstructlons) than an ‘ALGOL source program wHﬂ‘h ”
Ds trapslated irto mach1ne.code (more actual 1nstructlons} In the former
.. »(interpretive) case, the total combined memory regulrement for tHe jnterpretive :
code ,produced by the compiler and the 1nterpre ex program is normally less thane ,
that for the straight machlne code. If is for this reason that this approach

is popular foér- machines of llmlted'memory nd Gn the other hand, the latter

(machine code) case normally results in fadter- ~-running programs ‘

kL " Some computers h?ve been deslgned and bullt S0 that the task of compillng
ig made easy. The Burrcughs B-5500 computer is an example. "An ALGOL compller

. for ‘this. computer develcps a target program expressed in machine code which is L
_&as compact as ‘cpuld bg dobtained with mést 1nterpret1ve approaches -~ 50 the - )

advantages»of both.storage economy and running speed are thereby acgleved with

¢

esseﬂtlally none oiixﬁe dlsadvantages. .
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TA2-2

» A2-2 The Character Set.

‘\ -
Many of the characters shown in Table A2-1 are also shown in the card pic-

ture, Figure 1-15 in Chapter 1 of %he main text. . .
. . -~ N 4

The special arrangement of letters and digits in Table A2-1 is to empha—'
size that Jetters and digits in the same column 6f the table haéé one hole
punch of their code 1n comm3 . For example, if you inspect 4he card plcture

you w1ll see that -the lettens E, N, and V and’the digit 5 each'Have a

-
punch in row 5.

Character ' Row punches used .

12, 5
1, 5
! ‘0)5.
[N . 4 wsy b
: SN 5

‘Those characters which are not shown ifi Figure 1-15 are generally not
-

avallable on the standard "office printing key punch" which 1s usually tbe

« IBM MoWel 026. Special models are being built, not always avallable, wh1ch

have many Qf the special characters needed in ALGOL programs, like

- ’ 3 '
, . | *
' - . . .

Notice that even wlz\/g special key punch we still “lack the lower case
letters. Accordlngly, when translatlng a handr“*tten ALGOL program to punch

) cards, a Qumber of agreements and compromises must still be made, and even’ if

P e

we could key punch the lower case lettersy we would sti'll have a prob]em 1n

-recbgnlz ng the underllned or boldfaced words like begin, comment,.go to and
end. :

v ’ -

.t . . {
+ The significamnce, of these special symbols in ALGOL is explained at the end

of Section A2-2. 'Hoy,-then, do computer implementations of ALGOL distinguish

between, say’ . . ) s
a '. 0. . - .

-

v ~ -begin, begin, and BEGIN ’

‘.

if all three must be punched on a card in upper case? The‘answer is they-can-

not bd dlstlngulshed Two approaches to a solution to this dlfflculty have |,

.beeny used. The fiﬁﬁt approach requires that some special dellmiter character,

like the apostrophe, be placed. on either 51de of the word 1f we mean the spe-
cial symbok. Thus, egln should appear as ‘begin'. , In this same approach the

1dent1fier§ begin and BEGIN in an ALGOL program would both be punched as BEGIN
and must therefore have -the same meaning. . . r

.
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-

The second approach 1s simply to reserve charaLter strlnbs like BEGIN GO
TO END, REAL, etc.

symbels begin, go o, end, real,

‘That is, give them dne meanlng cnly--namely the spec1al
ete., Thls 'neans we may not use the same char-
acter stnngs as varlables, labels, or func‘tlon names. The programmer!s job,

then, ,is tc 'nemorlze these 15 or 20 special symbuls and be sure neve;r to use

» these in any other context. A R v 1 -
The punched c;ards which are illustrated in Flézre A25 were prepared on a . i
special IBM Model 026 key punch to which seven special characters have beey
added. Tnese are ‘ _ ' T ‘s
- ‘ . b . . ! . -, » ! ol ’ ’
. [] - < <- ) .

o - —_— >
It has a special punch, the - ,which is used to siynify the KfGOL assiynment
I

.be used when e

p o . * 1- " ® S -
symbol (:=). cn¢ compller system the =— , produced b, a single Key stroke,
2 -

t=, even though iboth :

and
in ALGOL “is thourht of as a

Saust mean the.assignmen® sumbol

set. This Is because :=

. are .aiso-part <f the

N sirgle character &nd*not a pair of haracters. “Figure TA2-1 shows the full
character set available cn thel'spécial IBM 026. ° * ~ “
g L
- - ) | i :
‘- i ’ Ap- ‘ ! . cat ’
/0123455779 ABLDEFGHI JRLMNOPGR STUYIKYZ T TR \
"l"l!ll . 1 j 1=~ 1 . ' ,‘
! 1IN ] ’ ] 1 ) . '

lﬂﬂdﬂﬂ000000»00000000000000000000llllllllﬂ?lﬂﬂﬂﬂ AOOOOl00000'000000000000U300000
123438 1330 LAUBKNBNAARDUBRDBDNIRUUBBNRNONCOUSETARRN VUSRI INONUOHISKUNONN 2NN ANY
llll‘Lllllllllllllllllllllllllllllllllllllllfill AR RR R R R R R R R R R R RRR|
42'22222222222'222222222'22&22222'222222}222222 2222222222222222222222222{222222
333'33333333333'333333333'33333333'3333333'.'. 333333333333333333333333333333333
4444'44444444444'444444444'44444444'44444444444""4444444444444444444444444#444
55555'55555555555'555555555'55555555'55555555 5555‘5""555555555555555555555555
GGGGGSIGGGG6666666'666666666'66666566'666666 666666666666"'[6666666666666656%66.

RRRRRRRRY IRRRRRRANRERL YRRARAERRRN RARRARARY LRRA] 777}J7777777777777777777777777777777

‘ llldl!lll!!&l!!lll!lls%llllll!lllll!lllll!

\
“llllllllllllllllll888888!888888838

999999999§999 999!999999999'9 999999[9999999999999999999999999999999999999939
.\‘ tzl45¢ias0onnn | ABDNNDHBBNADNANTM )“A l BBV FOUGBTBOINRUABKTNIORNGHUHLNBNN AN KIAN !0)
b » N @ !
Figure TA2-1. Punch card codef realized on the spec1al : .
. *IBM Model 026 ey punch .
- Ve .
\ ° . L} <! Y .
. - . . .. .
' - ' e - .

e
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’ .

Spec.al Characters

. ' . .
Fise .f the special enaracters in Figure 1-13 were placed un key punc

. when ALGOL Lecane aveilablg several yéars a,.c, Prior to that time, other sp

- N . f .z FIFeN . s
N » clal characters preferred b, tue business communi ty were use& The business

’ ofmnanity was and still i1s the lalyest user cf :\ey punches. Sc, 1f you-need
ey punches Iox your laboratory classes and cbtain tbe use of a "business" ke

punch, you canqexpect the Leys to displBy a different set ct spec.Lal characters
‘ There is an eguivalence between the ALGOL set and any cthey set in the sense
> -

that up to now all #¢y pmanch machines pynch cnly one set"gf hole‘cbmmnation's, .

- . ¢
. L.e., the ones shown o the card dicture. Oxgly the chpracters. pr.nted on the
- . ’ a M . ~ .
xeys, and tne correspsndi:; characters that print at the very tep ¢f the card

-

_oLn cach cclunr, may doffer. _The mest typlcal ‘equ‘ivalence is
y ; . 4 .
ALGOL: © T ’ Busirness .
‘ - 9 N ( ‘. ’ 7"‘ ' ,.' .
] . s
) . ) e ’ . (lozenge) ! .
. + .. s & (ampersand)
] , = . , @ (at, each) - :
. -~ .+ (apostrophe) . - (dash) .
. “Tatgrpretation of the sgnico&n R <

- . 4
[ . R

. ' I: the studzrnt text we are emnluy).nf_ the semicolon as if it were a state-

ment texrminator. Jhag, is, we ar. sutbestlng 1o the s"tudent that ‘okle serrucolon

be-used t. terminate cach statement. Strictly speaking, however,— the semi-

~ N A\

cclizn Ls usec/i tc separate statements. I certain instances the semicolon is .
—_— ) .

i not strictly necessary, especlally when a statement is followed by end. 'Bhus‘{\
) in Floure A2.4 the semlcclin wsed In ‘ ’ . o

. - o . , ,
Lc to START; ' "

-

Is not recessary. . Slnce lu thesé instances the superfluous gemicolon does 1o
harp, we prefer to use 1t conSJ.stently rather tnan tc Treguently eall the-

-

student’s attem‘non to the faet that it 1s sunnecessazg
ne v : »

- -

¢
v
)
o
.
i

ERIC . , ; o

Aruitoxt provided by Eic: - . .
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“Answers to Exerciseah2-2 Set A

2 .
’

.
-
[}

Nuiﬁbers_ below are constructedgfrom parts shown below: ~
» * . \
pluloml, 1; 2b, 3 y . ' :
) N where
. _52.0 2¢ - - ., ) .
e ’ ’ 1 means sign . e
Y .017.1% 1, 2¢,° ’ ‘ . S
. .- 4 2b means, integral part .
‘ 101 . . .
.. . ,\\{ Tt 2c means fractidnal and  ° )
M1 . « . S \-‘\.__\\‘. i ’ . .
*OlOlO e 1,2 \ 3. ) =2 ntegial parts
c ) v v 3 means scale factm-\,\\
X i ) - r.- . = . . ‘
. . ’ : .0‘ - N ' . “ s
. Answers 49 Exercise A2-2 Set B ; N
) 2JOHN is dnvalid smce the f;;rst chazacter is not a-letter & -z or
" A -z . .- ) .
'y ) A .
. ’ Wk are mvalld since tH‘ey each contain a spemal character that 0
$ 7.6 is nelther a le’cter nor a digit.® N
"F-6 v
. - . L™ ,
. o, ¢ .. . b
v f . . . v
N . -
- -‘ T . * ) ‘ ; ' ' *
4 “\ \ hd s
. Lo . .
N ¥ v o~ -
1 ¢ i 1
- ) ’ .. @ ’ .
14 \ * \ .
¢ - . 1
. ¢ !
. 1
) s . .
. ' - ’
- , N
. < 4 T e \$ N ‘ . ’
, £
- ’ , LY ¢ . .
o ~ © . .
7 ~ . ’ , % .
' e e @ .
- A - .

JAuText provided by ERIC . .
.
1 . P . '

’



A2-3 Input-Output Statements \\

LRIC

r
&

TA2-3 ‘ .

M . <
When ass1gn1ng these exercises, you may “wish to suggest that all the' )

students use the same data’values. In exercises of Set B of this sectioh, the

., students may want to compute results for }a’fer comparléon with copputer out- -
;ut to be developed with the exercises in A2-T Set B. One set of suggest’éq K

da:ta varu'és is given here. " « ) . .
o For Exercise 1 us‘e:)"r 3. 967‘4 T . <
. ’ w 2 ". n= 20, 1= and , Jr= 4 = /
¢ . . 1" 3 . " , A= 3 o’ B = & 0, C = -'2 5’ D=1 5’ and
R X =20 Lo
hy "k v m=125 amd n = 2.0 S, R
! 5 " A=hak, Y=72.01 . -
v N 6" °r=10-0,s—9o and PHI = 211977 *© -
\ L. (arcsine of -—L) . .’ )
. : - \ ' P

The answers below may dlffer in detail from what is correct in your
system. Make the necessary corrections. In g)articu.lfar if you use punch cards,
only upper case letters are available Also scme systems’ use_pommas to sepa-

’

rate numerals Qn data tards, instead of ble.nks / o S Y
Ansg«rers ‘to Exercises A2-3 Set A ) o . ' N
. read statement K Data card picture ’
7
1. read (T) E 3.967 .
: , S
. / ’ " * S . S ’
AN ot T \
N l - ,\{ .
G . .
() * /}l
2. ' read (n, i, 3);. 73k

LAY

.. -,j ‘«“ o 813 ':’ .




- ¢ - £
' - TM2-3
3. read (A, B, C, D, X); oho 25152.0
"~ 4 * 8-’ .
- “ S
! -
¢ a ¥ .
PV SN N /ﬁ*}’}"\"b\‘&“f e ] 3
' L, read (w, n); T 12.5 20 ' ) ) ¢
— ‘ . . $
. . . ] .
. . ' r). .
N . ,
.5 read (4, Y); .lh 2.01
- é
‘. ..
. "o «
Yoe. “ redd {r, s, Pni),. 0 9 L 11977 .
' S ] g
l i v ‘b ¢
) . “
. ). . 3 . ARCSIN ( ) )
- . . . .f?
. I [ . .
- "' “'Answers to Exercises A2-3 Set B \/{ ) “ ‘.
’ ‘ write statement ‘ appearahce'of printed result . i
N . . - Soat . (actual valu,ej
\l. ; . o, Y !
f ~ [ 2 . .
. ! write (2);- [ . 6%73 ‘ ;
v2 write (£); R R '
N o ® < . R ’ . - 'lo;.
’ 3 - wiite (2); Y . _36.5009 - ‘
. . . . .. Y,
-ﬁ;" ~.A; h , N ‘if';te (Q); L 0 h.Oooa .
v " . ¢ ¢ & e
. . ~ .
. £ R
5 write (X); [ 0.491]- :
£y * i 3 -
¥ < RN
. * PR e
L 9, : .
e 14,
., e wm . 3 . .-
v \ v B S Y e -t
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? =
7

L]

. PN . - v . S
Answers to Exercise A2-k Set A . . A, SR
a . . ., = ° '
1. oberands ‘ operati®n Type of result ”fﬁ
A B ., ©® ' A®B
213 + JAnteger .
6.3] .09" X real .
. ' \
100 .4 7 e  real \
. 6 |.k . / real
el 6 X + wndefined )
2. . Verifying the mathemetical formula !§£ intééer division
/ . - o -
. b o v i .
. - - 1 : v
Case| A | 'B ©) ®- ® y ©) ©‘
-1, | (a/B) sign(A/B) abs(A/B) _entier(abs(a/B)) A+B
. ‘ g . S .
1|90 | o | rm 0.9 o o |,
2 fffb -16 e +1 ! ‘o ‘1
|10 ° > o
<37 sl 10, el 1 )+l SUS RIS O 1 e
’ M 1 v
k 10 1 10 . +1 ' lQ i 10 . 10
N . 2 i l\.q . @
54 5] 10 | 05 -1. 0.5 0 1 o
6 |<5|1w0 |15 | Lt 1.5 1- S
~ - : » N N 1
70} -1 ] 10 -1 10 10 % ‘o w10 |
L] . S Rs . N c.. - 3 -;‘
8" 110 [T-0.1 , -1 0.1, .0 ° 0
TStep (:) is left out because it iB-the'same as‘étep (:).
* . J' \ﬁs;l R ,*.q
015 « - MW
) . ® o ! K
4 ' * -

" write (AREA)

»>

’

accuracy as shown here for 54 and .6.

result", to apply to your particular computer.

YRR G e,

sufflcie;ﬂ: in all cases. . CorFact. the second colmnn, appearanc\e of_printed -
ey

==y

The . student” need not be as};ed to develop hi‘s results with as many ;place

Three-place eccuracy is probebly




I3
TA2-4

The formula LT,

. . -

2l

A +eB= f;'i“g:ﬁ(A/B) X en‘tier(abs(A/B)) a

may be understood better if the student is urged to carry out the steps in
evaluating the right- hand sifle as if the equal 51gn were a replacement operator .

N g R P . '

The example, for'-'\A = 9, B = 10, is shown in the figure below. It 4

might be. worthwhlle, as an exerc1se, ‘to require the student*to develop

pf an a531gnment step.®

s:Lm:Llar figure for ‘this or onhe of the o‘bher seven eXaanles glven in the student .
¢

text. '
* ¢
. ] t | Actual
< N L . - Explanation | Value
A OE ' K
SR 1ot ' 10 = Slgn(9/l,c) xzentie_r(,absw/lo)) Form Rl = 9/10 | 0.9
’ et . - | B .
abs{ Rl ) Rorm R2 = abs(Rl) 0.9
«entier( R ) Form R3 = entier(RQ.) 0 .
R . o |
B3 . ' , : .
§.~J d 3 -
< ¢ Sign( R4 ) - : Form Rhk =.9/10 |l 0.9 >
3 : Y E , ) - ‘4 | -
LB X s | Form B5 = Bign(R4) . } 1
. v .
9+ 10 R6 s y Form R6 = F5 X R3 . i 0 .
b 3
. A : 9+ 10 is R6 { LT
H ) -

| Answers to Exercise's A2-4 Set B | N

- tiation out of, the twenty-two céases glv"en him.

P

B
- @ 4%%’

* We/haVe asked the studen't:, as an exerc1se, to extract a

rule for exponen-

.
3

S et 1 be a number of ’c&pe inté(ger - T .
- ‘e let r " (£} " n 1] real .
et 8 M oM " either type. _ .. _. -~ ’
. - " - . f ~ é‘, * €L w0 ~7
“w 3 -
. ! - <
s ) H
L4 -
. . o
K Q B ‘ 111 )

Aruitoxt provided by Eic:
’
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[ J A 1 7ext providea by Eric
. g .

. - @ v.q,
“, ] - ; . .- .
. TA2:4 ) - ‘ e
. v { . ,:
- ,": . @ , ;‘ - si.
'?e;mlé may be stated thus: . » ' YL .
B R . B, . .Y . Typeof 7
.. Conditions and significance 4. irEsult o, ot e
S SR n o v P ¥, se .
CategoTry 1. afi- If 1i.>0: aXaX...Xa (i fimes) Same as for'a ;.
° ‘ ‘ n ‘ ' . ‘e = G
\ . v “d e
If i =0, 4if af£0: 1+ Same as ‘for: a
. > . ' I -
Y < . if a = 0: undefined . .
.« ” - - -t . ‘_" . .
A ‘ f 1<0,if af0: 1/(aXax...Xa) real
) : ' L : if .8 = 0: undefined ‘ o
‘ 4 . ” r
’ Catagory 2, (" alr If a>0: exp(r X‘lryLa;)) real ¢
, \f‘-&f a=0,if r>0:. 0.0 . Q . real
o - : B L - -7
.y \ < 7+ if r_g0: undefined {
> If a <O0: always undefined T .
’ ’ ) 2 o P .
. . ' . ‘
Ansvers TG Exercises A2-4 Set C.
. 3/2 . . L
.o 1.. To expres_;{-\A . . c . -
! (a) abs(al1.5) " abs’ is unnecessary because sA is \ )
: ’ o ! known to be_positive so PRI —— ,
N : i . also be positivé. .
E-l ) 1 N . “
i (b) (A}3)t0.5 . K‘ o.k., but expensive computatiohslly
v (will require log-antilog ﬁr%chure).
. s -
(c) sart(af3) This is the best way. (Requires the N
q a
. ) least amount of computation.) o
. . 4 , - . . ;" -
s (d) abs(sqrt(Ab).) o abs function is unnecessary.
. - - .‘vx” . LR ) ” . ,
a L Le) &) . o.k., but expensive (requires the log-*
g . L. ‘anitilog process).
- L]
() abs(A)fl.'j ., abs function unnecessary. Also, it
» requires 19é’§antilog prqceés.
N e ° . ’ - : ' -
M (g) sqrt(abs(A.b)) abs function unnecessary-~-otherwise,
B as good as (c). @ .
L  ott've et ress 152 . e) '
2/ only (f) or (g) would be satisfactory to.express |A| . (g) is
' » preferred because it avoids the log-antilog proceds., Another .alternative
would be sqrt(abs(a)3). . e , .
. ’&i\ ' ‘ . . ' »
I # \:.; X .
[ - N p * ~ .
O ' iz 1 / ’
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b Answers to ExérciSe

. In the th.ree incorrect statements below the first 'and thlrd can be /' T
’ /:orrected without guity. The Algol Ain the second stateme.ﬂ may be corrected
« in two ways), but th esultlng computatlons are dlfferent. :

3 - L

B x (-4); "

A l%ldbe T :=
L} ]

@

‘or as

v

'

5 may be"cérrected'es F:
' F:

I8

:

Cle3) ik
CA-3 + 4);

. .y
;kg These in ¥

eneral-will
vield differ-
ent- results.,

¢

. ’ ' ?
) x (C x -F/D); may be corrected - '
t ., .,
. Bs G := A +Bx (Cx (-F)/D);i _These are computations ’
5 as G :=A+Bx(Cx (-;‘M; “ally equi"@ent'
~ N ] i “‘ ‘ _'
Answers to Exerc:.s%s A2-6 f' - ,
P '. - : -1 « .'Q
1. “(a) - ks is la invalid ALGOL cénstant. It must be written\ b or ’+ 0
; - -
. (b)) = is, afh 1nva11d ALGOL opez"atdra Should be X . EXP as distin-

, gu:.shed% ’from exp 'is o.k. unléss ‘the particular ALGOL xmplementatlon . .,
| Tt - Yyou are usi annot distmgulsh between lower .case and capital . -
\\ . . . ' >

' . ™ . letters. In th1s ;event the expression-would be considered 1nvalid ,

\ <
i vs:.nce E;}CP wilz be 1nterpreted as the standaid mathemat:.cal function
\\ Fut is Aot followeq by a parenthes1zed argumenz* expresslon. & i
. (c) ;nvall use of the symbol sin. If sine 1is meant then there should .
' ,. ga T i S—
S "be an - }guinent enclosed in parentheses following - sin. . . "
‘ N ° B Q s
4
(a) [0.K. f ‘ - \
n('e) "0.K. ‘ ' 7 d I
2. = !exp‘(E’}XIfQX(AlD@CP + A3)), . T '
£ . ¢ , V-' * ‘ LT ) . ; ~ vt
- ‘3. _z‘ie_l_.iFfPART, ; , o ) L .
B FPART := V -Tntier(V) ; o ‘ T ° L
- ! . ' < .
b,  real Vv; . . . : N
¥ . 1) 3
. integer INTET; ) .
© INTPT := entier(V); ! S (A . ’\L: el
. < ‘ ) ! ’ Yol =
: ‘ ' - A . ! tos ‘ : 'NZL
) ' b Ten

hY v i
2 » ‘ “ , ¥ - -

. Q . ! . ?8 . - . R . et
[MC A x . -
o oF l

s ’ M i e




They are not the’ same,

o
f

‘The flow chart box' that's needed’ is

-

L., ~ ! [P

J e ROUI;D(TR«UNK(I/K))

. r o
e/

‘e - .

-

- But since the
TRUNK(I/T)% vill e an integer.

~

TRUNK fimction is an integer rounding function,

"Therefore the

ROUND function, also an

e,

dnteger rounding function, will have no further effect.
P ) Lon ROUND(TRUNK{Z/J)) =#IRUNK(I/J)
» The floy* chart box . ) '

.

)

S

.wolld be a corvect Mswer.

The flow

.__...l J (-ROUND(I/KJ—— - .

g%.:-'? Writlng Complete ALGOL Proﬁrams

chart that!s negded :{s

They -are not the same.
} . - t

4

:f 8 book makes nmattempt to teach evegthiﬁg gbout ALGOL, : In parti-
» ‘veular, ko mentlon is made'in the student's book of block stI‘ucture, The ‘

‘ omissi_on shou.'l.d cause no difficulty. Students are howe.ver, instructed to group -
all declarations together at the beginring of a program. Later whe'n this book
1 hes b‘een mastered, the block structure of ALGOL can be pursued further,

R s
-

Some ALGOL compilers require more declarativ.e information than the

2
¢
]

ALGOL 60 requires. For exarple, one ALGOL compiler (Burroughs ALGOL)
requires that all statement 1abels be “declared. For the program i:n Figure

A2-10, where “the first statem’ent “iri the "body" is

] R

. c e ‘ - ¢
,‘:’ . .

ApAIN 1 read (PRICE),

a declaration like " LABEL-AGAIN; . . }
N I""_-_"

would be needed I the "hesd" of the progfam. .

S
You should for this ressofi get the help of a local expert vho is femiliaer

with the "detailed requirements of _the particular "ALGOL gompiler you will e, ' ) k
using for your laboratory work. .
getting started.’ You might get him (or her) to take the program ih Figure 42-10
and run through all phases of testing with you starting with the key punching

Suech a person can save you much time in

and continuing through the satisfactory execution oi‘ the program.

\ - ) ». 4
o s ) R a1k 19
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Ansvers to Exercises A2-7 ' - . ' v R

[

. o . N ’ ? ’
1.  begin real T,Z; . i . 1 oo 2 5
. START:read (T); oo ’ oo
"'ﬁ*‘.”";‘.tu-!-.s.,_-n_. e v 4= 2-5 + T; " . ’ ) T . o °

z vrite (2); S o
' go to START; ‘ ‘ Lo S ."

.‘ & : ‘ '4"“ L R 4 .‘
.2. begin integer n;'i, Js £; T
START:read (m, i, j); e b LT e e .
. £ = n'x—r(i.- 1) + §; o
write (£); . ' a . N
80 to START; ' . Co

. ” .

end

3. Dbegin real A, B, C, D, X, Z;°
HERE:réed (A, B, C, D, X);  ° - Y-
S v Z := ((AXX+B)xX+C)xX+Dy . . /

L. s
( write (2); A
. ‘ wf
. £0 to HERE;/ : , ; ~id
end " . , o
S O . - IR

b - béginA real m, n, Q; ' o . - -
v 7 - STAART:resd (m, n); '

\ Lo - ) ’
] «Q := sqrt((m - 4.5) x n); ’ o~ ’
write (Q); Lo |
¢ .89 to STAART; - ' IR S
end ' B : PO
b o " . P e ».r%wa‘f-a,:: T

5 begtn  resl A% I :

. T+ begine:read (A, Y); ; / :
o x=o/x+ M ' .
“ Srite (X); ) .

4r

g0 to begine; * ' ‘

end ' - ’
gnd . S -

] i ‘

4, )
] ¢ s
. . .
r ’ 3 v

ERIC -« - 20 o ,

. ‘
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—— » B

6. begin ' real r, &, PHI, z:sq, AREIQ; :
ici:read (r, s, PHI); v

rsq :=r Xr; .
AREA := 3.14159/2 X rsq’ X
. . . 3
-(s x sqrt(rsq - §) +-rsq X PHI);

. write (AREA); .
g0 to fei; ° C e

end © : roo- 5
> — i ' e ’

7. NWM20 := entier(PRICE/20.0);

e

Tae’

8. ALGOL program =
begin coment the carnival wheel problem;

.
integer s, m, k, p;

‘ .
START:read (s, m); ~- - .

P =20 X k -~ 30;

'\‘~ g - Fk/=\m+s-((m+s)+h)xh;‘ 1\\

, " write (pi; .
" &0 to START;

.

end L
s ,
-
Ay ' -
-
.
y .
N
Y : l -~
. .
.
‘
4
) A -
4 . ,
- 7 -
. W o .
RS K -~ — St
= L, . e
. . ) , -
- YIRS e YL - T
- . ?
.
, !
"
¢ _A ¥
e .7 " .
3 N
Y
- ' 4
Y, »
- M L4
c A4
v *
R
¢ 4 4,
\ 4 w 4
’ : . v
- , 7

‘ . A ' ot ) 16,21 ‘"
ERIC . )

%
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5 } . Chapter TAY & - . v
L \' * BRANCHING AND SUBSCRIPTED VARIABLES , ’
.’ Lo . "‘ ., ‘ ’ . <4
K ) : . . .
a R ) . . 4
Introduction. . \ - .
o Wherr the' $tudent has mastered the flow chart text for Chapter 3 and this

companion ALGOK, he is fully equipped to solve .computational problems oi‘

. essenti ly any fomplexity. ALl the basic programming tools are at his dis-
posaL Much of the material in subsequent chapters falls 1n the category of
important refinements,' shorthand techniques, example applications and special ».

- concepts, That is why it is very tempting, upon completion of “this chapter,

.to tarry and solve a large number ,of problems. We avoid this temptation as

much as: possible because the refinements to be introduced in each succeeding

’. chﬁpter make the solution of problems increasingly easy and irIteresting. We * \

e/xpose the student to relatively few applicatlons here. Exercises 1nvolv1ng

R algorithms emphasiza analysis, mainly, rather than synthesis. . The shift to

synthesis is-a gradual process which’ is' accelerated in Chapter %.

. ) The two fundamental ﬁas of Chapter 3, namely braqchmg and subsdipted

, variables, are mirrored ratler easily in the Chapter /\3 z‘equiring relatively
L

“ﬁ*“ few new,ideas. ., T . . N

[ ., ‘ -
12 - - 1 ,

Ind.eéd, if we were to limit the form of the AIGOL if td simply *
. . ==

P« if relational expression then go‘to BOX X
- S oY . :,( _, else go to BOX y;

-

.o© M < . ‘ . .

o there wodld be 1o nev idea at ‘all . . , .

v - SRR L
The only new idea assoc1ated with subscripted variables in ALGOL is that
the - progralmner has the responsibility and must declare how much memory space
. s to, be)allocated for each vector or array that is employed 1n an ALGOL

program. . This is done with the array declaration in which one gives the

range of each ‘subscript of each vector or array variable. ) <,
), ¢ L4
» : 4
Al
N ‘ 1 . - . .
* S
- L ‘ . ’
. 13
+ " > 1 4 f
a y * 14 4
- . \
' I - s P ad } . "
o . _—
U .. , . %
3 -
¢ . ‘
3 . -~
u' ’:. T p « 17 - Y - ¢
- s . o *
- ERIC* . L. 22 ., ¢
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Outline of Cha pter A3

Lo A3 1 The condltional if statement is in"troduced. Examples and exercises

aregiven to show the relationship between flow chart and ALGOL For a
example, : .o .
;- " - . 2 .
4 if" A> B then ga to BOX> else.go to BOX3; ) ’

is explained as the ’equivaleét of .’

s The form of the expression between the words if and then is not -
elaborated except to tell the  student that, like the simple co‘nd_ltion .

.8 , box of the flow chart language, it consists of an arithmetic expression, ’

P

followed by -one of the s1x relational symbols (operators)
. ’ » . ) ’ . 4 + ¢
K . . .. = # < Ko > .,

8 ; L - T - -~ 4

folloived by another arithmetic, expression.m : <

¢

a¢

" ' Several variations in the overall form of the statement are then

P . 1ntroduced wh:l.ch make coding, i.e., transliterating from flow chart tq
. ALGOL more conveni,ent‘

N s P . s 7

e basic ‘forms are summarized beXow: ‘

e v

» ‘l . lo ir " relational expression then any simple or compound statement; . "

.thet any simple or compound statement

else any statement;

N

A generaliggfion is made which permits thé nesting of one conditional
entirely within another. Graded sets of exercises -are given to permit the <}
stu#nts to\&ain a gradual appreciation of these various if forms The

‘variations e§é merely qunvenience. *Only the basic forms* are really essential

e othérxtofsic brought up in this section is the dse of literals (items
« in quotation marks) as output list elements--to cor:gaspoﬁd to the same usage

" * . in the flow chart. Thys, b - :
©oa : T i s -
[ 4 v ! - ) . ) < -
Q # " 18 » l -~ ‘
. M € Fad
[C~'- .- 23 .~
S S P T -




‘trans.‘citération of compound condition-boxes from flow charts{to

i . AJGOL conditional- statements ?Ls explained arl 1llus‘trated. The \ else- Sf
. form of the 1f sta®ement is used to advahtage for multi-way branching
) + . = r .
> . ..

Fér example (

“

else if relational expression

else if . relational expression

o \

-~ -
” .

~

/ s
else’'if X< 8 then go to BOXL7

- P
% ST o
3 if Telational expression " theh go to BO
1’{‘ - e theng_‘_to BOXJ
o e ’ ete.,
Voo ,
=~ . or speciflc(ally, % B
l T, N . t
- v if X<5 then g0 to BOX15
AV e £ 2
‘ . else go to BOXL8;
e *
- R » ¢
. < /’
- [
19

ERIC

B
“as n

. N + ~ ¢



-

R ~ . 3 ’
A3 No new mnterial\ﬁ included here in paralleling the flow chart text
as all the'ideas carry over to ALGOL in one-td-one fashion. ' (Pi'gbedence
v
level of relational bperatqrs with respect to those for. the arithmetic*

e . L)

operators. ) . : .
.

-

.A3-5 The ALGOL form f;r-singly-subscripte@ variables is introduced. Axray.

declarations mnd their relation to storage allocation are discussed.

- ,}Finally, ; crude array input-dutput techrﬁ'que is illustrated (té be

) st_lpplanted by a slightly more elegant technique in Chapter/h) . -
‘ e -

T A3-6 Every‘thlng said about singly-subscripted variables in A3 is repeated
for d.oubly-subscrlpted variablés.* Input- output of entlre arrays is left
untll Cha,pter L where mth the use of 1teratlon statements it is ma.de .
easy to achieve. ’ - st - CD

»
[} - .

The student is asked to Work numerous exercises throughout-the . ‘
‘s.hapter v;:flr’wolves constmctlon of ALGOL })rograms from correspondlng
flow cha pr(/esented as examp\]_.es or devel?ped as .exercises in the flow
chart text, ’

¢

>

A . ) 3
Ansvers to Exercises A3-1 Set A .

*1.- “Invalid. Can't.have two relational symbols as “showm.
e L
2. Invalid. if mist be underlined.

3. Ok . .

.4, <Invalid. Can't have semicolon befo're then.

v .

5. Invalid. ‘,Can’t have two relational symbols as shown.

;

2, o~ ‘ '
Commént!; _In the more complete ALGOL language, not described here to the
sstudent, '1ogical operators like and, not and or are permitted so it would
be 'possi,ble, say, in 1 to write . ’

o’ if A<B and B<C then

.

which is a valid if clause having more than one relational symbol.
Relational sMle can be thought of .as operators and are explained in
this sense in Section 3-4.

. <

-

Aruitoxt provided by Eic:




6. if w>0 then Y :=2 4 X; , . - (

T Ife §<O then T:=3x7T; .. - . -

Rl

8.t E. K-L4 =0 thel read(z);

9. if x>79.7 then wiitefY,T); - | .
. . ~ +* ol m'.
, o 11;- '
. A4 ’ ‘r ‘
. T F / .

TS . T ey
C+DfT ’ S
- > ) .' \ﬂ' ' | |
T F ) -t ’
] A,B,N ] . . L . s » A . :
; Bhad >
- Answers to Ebcercisel:rpA}l Set B ) ’
" . : . . - - °
1. 4f I=J thenbegin F:=G+H; *~ - T
* T -
- .
. . - P := sqrt(T4 3); . ) .
end;
p \
2. if A+ B >(C tHen begin Y :=Z +X; ’ / ) Ser
L ) " Ti=3xT o, 7 ' - \
> end; 4 - e .-
i ‘ — . Al . ‘:
© Y - ,
3.\ if I=J then go to boxz; » ‘ I
" k. if I=J. then go to boxg; ‘ S ’
3 " ) - ) <-/ 1:1 RS |
; .
w\- N »
. . .
N . . ¢ a
7/
P { " 2
, - 5

B MC * . ‘ L

s ’ . '
k-4 [ - 4

. 1]

e s . Loty . . \ . \ c e




6. | SRS
(Fr3<s-x )=~ "]
El i F‘- ’

PePx/F |# -

I g9 - . 58 x5 [
. ' 5 <

-

Fel0XxT+5| 7
Geg-5

" Answers to Exercii&-A}l Set C- '
1.» if K= 0 then write ("case 1) else write (“case 2");
.Box_?,o‘? ] )
2. if K= 0 thenbegin T : )
PN ' . wrlte (S) L
end
) - elsg beg:.n T 2= 2, .
Ll s write (ss); . A
’, ’ ot | .
. BOX30: Coy S !
) K ) . -
3. 4f S<T then F:=F;1 ]
- else write (Q)3
' " BOX30: .. : -
[~'\ . g N
b if Sg'r then 8 =S +1 . .
s else begin K := K + 1;
s S N:=N+1 we £
. . S :=0;
cot e e e e o :
~ BOX30 . ' Lo
T 5. .if C+D# T then go td BOX30 .
« ' elsebegin F:=10XT+5;
B T Gi=6-5; )
N 1. go tg BOXKO; .
.«zﬁ:;"«” ‘ - Silii . ‘
e - Box3d- . , e ' ,

POAirex povidea by eric:

2

-

[

L.

&



— -2 , A3 *
B RS 3 Lo .
- 4 '
. [ .

Comment; .Some students may think ’of negating the cond:f,‘tional of Problem 5

<

and interchanging the "T" and "F" 1labels on the exits. ,This results o
. —"— in an alternate solution: ,
-0 if, C+D =T thenbegin F := 10X T+5;  °
oL ' . o G := G-- 5; . . ]
. - g0 to BOX4O; :
- - ' * [y ﬂ; ) . K
. ’ BOX30: ' o ) ,

3

Q x
Further discussion of this idea has been deferred until later in the book.
. » LS ® .

o e Ty -, .
6.. if A<3B then begin T := Ay - ,.\ .
- A =3 \'\/v )
‘ ( . B :=1T; . ‘
- g0 to BOXLO; R
BOX30: - ) - o . . .
. ‘ o | |
T- I F+G>H theh begin §:=§+1;
’ T'=T+1; -
- LU= 8XT; . -
M Q=Q+l;_ . '
’ A R iz Pfa; | ’
' A 4 end; ) . . 4
. BOX30: N o . .

> R
. 8'. Semicolon before elst ’mus"t\be removed. -
_—— t e ,
~ . . by
9. Has missing then, or else else has been used when then was intéﬁ\déd(

A correct version might b . - ) ' ‘ oo Lo
K3 . - 1 ' ! Te 1
* if COUNT < 100 then go to BOX4O; »
" 10. COUNT + 1,5is mot a relational expression. . , d‘;
2 : e . x ' ~
11. No matching end for' the beégin. e - )
Y , N . LK N
r - ¥ - ., / O
£ .
& . . )
. * ’ N ’ s .
. o L4 4

CQ R 23600 -
ERIC 28 v

+ . . ~

s o ' .
- - . a -
[ 4 .




. - 2 th2 +xIBRu

then begin w

L

‘ERS

: L .
.
2

L B

N else begin v :

T

< _ﬂq_;: . t % 2 .
> PA3 TR It ¢ ‘ , . '
. » '—:' ] T , . J .
Answers to Exercises A3-1 Set D L
- s e .
. 1. write ("the impossible");
.'g‘d Ll . - , -
2. write ("AD=0", A); » A
.oMriie . .
; : . ; #
3. wiite (iosa", 4700300, B ‘oot ©); ‘ ‘ w
¢ Comment on space symbol *@™". r
Froof now on we Will omit the space symbol,T. The exact space count is not .
usually oﬁ importance to us-here. -
. “«
Answers to Exercises A3-1 Set E -
1. beginh real b, ¢, 4, x; | . - . '
.+ read (b, c, d, x); T,
Do write (b, c, d, x); | <
“if- b >c then write (d) else write (x); T .
( end ) i ,
' 2. begin reald, ¢, 4, t,.x; -
read (b, ¢, d, x); ' °
< write (b, c,.d, x); e e . ) C
. if d<c then t:=cxb,+r%xx ol
. N N . . . ' * v )
. else’ t :=4d . C; ’
‘ write (t); ’ . .
end ~ 5 *
ton - |
3. (a) begin real b, ¢, @, X, t, u, W, ¥; #
- read (b, ¢, 4, X); . . -
- write (b, ¢, 4, x); ' . - - . ) g
' - ti=b o+ c, . . '
:=b X ¢ X d; &

t + up write (w), end

utz; vy ="t} 8; write (w,y), end; °,
+ . v \?%ﬁ‘ \:, {
, !
' h y . 7 .



~ ‘4 " - - TAB
- - : 3 v - * .
ey . (v) :h'eﬂgin ‘real b, ¢, d, x, W, y; . ) ; ‘ 4 *
" read (b, &, d, x); .
) . " write (b, ¢, d, x); , ,
g if+e)ferxte>oxexd - .
tHen begin w := b + ¢ + b X ¢*X d; Write (y); end
else begin w =bd2xctoxale; ) -
y i= (b +c)} 8 ) L
write (v, y); ends
L. begiy integer j, m, n, sum; L. »
s BOX1! read (j, m, n); o ) v
: if m>n then sum:= j+m \
4 - - |
4 else sum := j + nj ~ ° :’" -
write (j, m, n, sum); - j
(60 fo BOXL; -
) end . . -
[ - . .
5. Dbegin real b, ¢, x; oy - )
., BOX1: read (b,c); .
¢ 3 . ¢
write (b,c); L ‘ ‘ R S
if b =0 i s )
S e then go to BOXL - : ‘-
else begin x := -c/b;
' Write§'The root of bx +c = 0 is", x);
) go&o BOX1; end; I .
' BOXk: if « =0 . o
. then write ("Every real. number satisfies bx + ¢ = 0.") R .
o . else write ("bx + c = O has no root.");
- e' , Q E_o_ BOXJ:; *» .
o R “*Ei’q" :"‘w R e "'*1' R TTTTY T e v Y ey g T B i{
’ 3 ) . F .
s " A simpler appearing program can be written if we nest the if's and avoid
* the lsbel BOX4: \ g .
’ N - . . )
. L v, k ) ,
’ " v ! » o
1 - N !
' ! ' o , 1:
A . .. ' ; - 3
‘_ w , 1
4 . . g ;
o SN R R
P { ' L ; A /j Wl i i “ ;{' J /
4 I i¢ 4 | ¢
L e s 80 g
H : A C o 4 . * Bl
'ERIC T | S
r . - L, e . -




‘end

. akad

S O
— Ans:vlers to Exercises A3-1 Set F

write ( iThe oot of
end;

80 to BOX1;

~
A
.

S
Vg

1. begin

y: mw -

bx+c'$'6 1s,’x)

real SUMALL, T;
e N » integer COUNT;
COUNT : = 1;
A SUMALL : = 6; = ' =————=faml AT 2
. BOX2 read (T); . C -
ee_' SUMALL : = SUMALL + T; . -
¥~ - p! \— ¢ 7
2. Ccoule : = cOUNT +1; -
' s if COUNT >.100 . .
: e then write "("SUMALL = ", SUMALL)
- A - N ~ *
: , £lse go to BOXZ; o0
<1W - ——— S R -‘
— = e .
ey IS Lg.n_d. ¢
I .
T ‘ ,
> 1 2. \begin real SUMCUB, -,T5,
o c ' integer COUNT; )
9, - — .
= " - SUMCUB = [
Cal e COUNT := 1j -
: ' BOX2: read (T);' « .
ce .
v SUMCUB := SUMCUE + T}3; -
3 ~  COUNT := COUNT + 3 ,
( .
b if  couwr > 1oo .
. ‘ ‘ * — then write ("sUMCUB = "y SUMCUB})
: . +  else %o to pox2; -
¢ 4 end ) ' :
g } S P . Low
321108 IR RAER N % T /
“ LY N . (l . ke - ‘ . )
R A RN I r
Q ! ’ ) 31
ERIC » t
. .

GO0

“ “:’!:é“a‘:o« F % g 3 \t ,MM:W‘I‘;&'W T ‘C..,. ;i
' . [V *
. TA3 - t ~
< ST~ > i ‘ —
S S '
' “Yegin real b, ¢, X; . .
S , — ’ ¢, .
. BOX1: :g(e.ada(b, e); ’ . .
T write (b, ¢); e . v “
vag. . :')?-“if«;b*=0 .’ * . LT
) “ L then b if e =0 then.
T n begin i then. )
N write ("Every real number satisfies bx # ¢ = O")
3 " else write ("™x + ¢'= 0 has no- roat’ s
Ce i3 U e e
- Felse begin x := -c/b e

L A



. I
R 8
SEINE 5 E
!
3. Dbegin
a -
’ BOx2:
{
»
. end ‘
i |
L, begin
- *
-
J
BOX2:'
end
i
. 5. Ybegin
\£
* v- -
. ina f BO Fed

real SUMNEG, T; -,

integer COI)NT;

SUMNEG := O; ' )

COUNT := 1; C

read (7); .

if:.7<Q 3-1_195 SUMNEG ':=

COUNT := COUNT + 1;

it codwr > 100 . -
;ﬁ write ("SUMNEG
else go to BOX2;

.
.
e

regl SUMALL, SUMCUB, SUMNEG,'T;"

integer COUNT; .
SUMALL := Q;

SUMCUB := 0; .
SUMNEG := 0; .

COUNT := 1;

read (T);

SUMALL := SUMALL + T; -
SUMCUB := SUMCUB + T} 3;
if.T <O then SUMNEG :
COUNT := COUNT + 1;

if COUNT > 100

f

A 32

SUMNEE + T; .
" SUMNEG) -
. o
\ g
2 T
$

SUMNEG + T;

- then write ("SUMALL = ", SUMALL, "SUMCUB = ", SUMCUB,
"SMNEG = ¥, stmvee] @ .
else go to BOX2; - . ‘
N r
4 - - a8
real CUMSUM, ‘T; . ' -
. integer COUNT; ‘ )
CUMSUM := O;, . . *
. COUNT := 1; T
read (T); 5 r”
"CUMSUM := + T i ; :
write ("CUMULATIVE SUM = ", CUMSUM); . -
COUNT := CQUNT + 1; T ) ;.
if COUNT > 100 then DUMMY:
¢« else go to BOX2; . .
Y V.
s e \ 5

-6
.
.!
.
1
¥
!
i
A ,(
w
I



N v

LN ‘W,Jx_,,..a,-c’;l?—qn . . -t % Lt H

e e N mm-wm«m«» Te by : S . - ,k'
‘ .

v . B !
B , . , i
v |

N - . - .- . T . S -
’ TA3\ * . A —~ ., -—"‘s—"‘l——-(—-«w—r*"\ N ' .
. . (i\ T giar
& S . .
' N %‘-“sk%—f‘?“" -4 P .
Comment: The statement7labeledMY is empty. It 1s a "dunmy" statemént in
- e T R

the sense that 1t accompllshes nothing. When COUNT > 100 is true, the

durmmy stateniemﬁ isz exec‘tﬁ' and control reaches the end of the program.

e =t o) M

In ALGOL a statement may be represented purely by its LABEL.

~

. To avoid the us use of this dwnmy untll the student is 1ntroduced to

. Tt later, we may'replace the _.’l;gg statement with this alternative: !
. £

oL if COUNT < 100 ‘then go to BOX2;
s - . LT
. 6. Degin - " comment Badminton-or Volleyball; T .
real T; , ° . ' o
. 1nteger I, State, ScA 3cB; ‘ ) '
' 1 :=0;
‘ State := 0;
ScA := 0; ' . ‘
. SCB 1= 0; - '
. 4 R ] \
oL BOX2: if I £100 then
. _‘_n;egi_n_ read (T); o ’
e " if 130 then . ,
i 24 Then ~

A begin if Stat&=0 then -
’ "ScA := ScA + 1 else State := 0;

. » v \l IA RN - @ - A ' . ..,x. 9. DAY
TN : ¢ . else if State = O *“then
. , o " State := 1 else ScB := Scs<+' 1;
R ., I:=1+1; AN )
. - - . M y
. SQEBOXQ; , N - . "
) . «end e .

else if ScA = ScB then write ("TIE GAME", Sca, "ALL")
else if ScA > 8éB then

. - write ("PLAYER A WINS", ScA, "TO", ScB)
.l . else write ("PLAYER B WINS", “scB, "T0",+Sca);
';nd ‘. ‘
— r .
' b et e B x, . :
‘ ¢ * S *

! .
o R . » ;

“
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- t - ~ . . . ‘. a~, = Lo ‘\ !
Answers to Exercises A3-2frSet-A L N
T g T T - |
! . ' I
3 1, begin comment Fibonacci sequence to produce Random Numbers ;
‘ ‘ integer LTERM, NLT, I, COPY; - ) . .
n - A 4

~LTERM := 1; ) j
‘ ‘;9 ‘ NL':[‘ 1= 0; i o ) . '2

) ‘Ifi}'§=’l; 1 -, . R ‘ : 7\
‘BOXe: g;’i.< 117 then =~ oo S é
’ #begin BOX3: COPY := LTERM; i A
) ‘ LTERM := LTERMHNLT-1000Xentier( (LTERM+NLT)/1000); “f
D . P NLT := COPY; ' ‘ ‘ '
¢ L I:=1+1; -
. if I<17 thengo to BOX3 - o
' LT else begin write(I, LTERM); . '
' ) " . g0 toBOXZ; '
. o end; v SRR !
. Sn_d. . -*
et e W”“i“l_'ég_HA_I,,.T: e ‘ ’ i
end - .
) - .
2. Dbegin - comment the TWOSUM prob.lem; ot ‘
R . integer I; v , Co . .
" real TNEW, TOLD, TWOSUM; S L
b read (TOLD); & . .

A 1= 2 . . , .
BOX3: r'e?d (TNEW) ; N \\ "}‘E

. TWOSUM :=" TNEW + TOLD; - ) :
vridg ("TWOSUM =", TWOSUM); ‘ A S 4
| TR i= mEw;  y I
. I:=\I+1; N
| i 11200 then go to BOX3; |

K

.

.end -
Aty
- i
. N
' . ‘S z
.y
e }
, -
- oL H
3 ! ‘35”-“ !
i
] f

. E MC ’ "E‘:(‘;E_ ‘ y . ' c, . : co . 1’»1

- -




™ L ‘ PO
~ , .
3. pg'ggm_‘ . comment the’ altsum problem; . .
B ’ o -~ integer I; . ’ o0
, , real TOLDER, TOLD, TNEW, ALTSWM;  * °
' . read (TOLDER); ’ . \: e
[N : g”: ma'dl(flow)} < - . e 2 y
T ‘, Ia=3 S g
- ‘ ' BOXk: read (TNEW), - - ' ‘
o _* ALTSUM := TOLDER + TNEW; ) '
write (YALTSUM =", ALTSUM); v -
o TOLDER := TOLD;
o, . 4 TOLD := TNEW; - )
P I:=1+1; - ‘
if I <100, then go to BOX4; !
¥. begin comment moving average; )
\ . real TOLDER, TOLD, TNEW, AVERAGE;
integer I, k; ; o . .
read (k)% . , ’ <0
’ "read ('I’bLDER); - C
read (TOLD); e ’ ‘ _
) I :=3; T
. Bos:  reed (MEW) . . - -
, £I>% then 7
A . Dbegin if TNEW < TOLD then
oo ‘ begin AVERAGE := (TOLD + TOLDER)/2p
o b g0 to BOX11;
. - i else AVERAGE := (TOLDER +TOLD + TNEW)/3;
: s  Boxul: wiite (AVERAGE);
' | if 12100 then go to HALT;
- end; ; v : .

- ¢

é ' TOLDER := TOLD; -
%‘mw:=mw;“ ’ ’

1 )
' ’ “ ; I:=1+1; - ; /

' C } ' ' . g
v &b go-to BOX%Z .

- s © BALT:
1 ¢ )
i + end ¢« " 7 P g , o
. S—_— : " - )
. + f + s ,‘1 1 1 e : i
> s s 1< I Aﬁ v ’k ! LY + ¥ ‘ Pl f aste . §
’ e B ey - N S
" ! k] i
O T, ’ /,r % % (/ 30 . } ] ’

ERIC: T S 35 . {
’ S < 7 . ' * Rt I
e . , ) o
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i 1
Y
5. begin *
r
. .
. T
“ .
. N e
A 3 -~
»
. .
“ ’

X \}'«.‘

-

TA = 1; . ’

.-
,eg'd
, .
- ]
.
' s Q.«,;P’)
.
-4
L
* ~
.
.
L4
-
4 -
- ? -
S
, .
&
" .\r\_/\
-"\
, .
.
o
'
-

- 5
] "

comment tBe regions teble;

integer N, A, B, C, SUMA, SUMB; v

“ij ("’N", "A", ‘uén;_. ."’C"R); ’
N =0y o

SIMA :=1; ,
B := 1;: ' {

SUMB := 1; * .
C:=1; . R

write (N, A, B, C); -

if ¥<15

»

then e

C := SUMB + 13
: .

B := SUMA + 1;

A:=A+1;

begin

»

e

Ty

4 - 4
&
-
A
¥
.
)
.
* &
2
.
z
.
-
t
oy .
o
4
L]
.
L
L4
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~ ‘ v » R |
v v . . ' a * - 1
" Answer to Exercise 3-2 Set B T ’ :
Wmtm_\tw - . .. B
- . begin comment léadt common multiple of 2 non-negative integers; .
) o integer C, D, A, B, r; ) ‘
/ T zeed (C, D);° - . .
b . aa A= C ; - .
~ . . B := D; . ' . ’
L - :Li' A< B 4, l , e ’ ’ *
then begln - S . ’
) . BOX5:  if A =0 C i
‘ PO S .then'go to BOXT .
e . 4 " else begin r-:= B - entier(B/A) X A;
. . . ¥ —_—
* . . BOX11: A; >
-, N ~ ’ : r; [ 4
’ - goMos BOXS - '
J & ’ .
o, hd » end;
. T f .-
' . - A e ‘ . £ .
else beg1¥ r :='B;
i ‘
] .80 to BOX1l .
L . . > - .
. : . end; N - 3
‘ 4 ) . " 4
oL BOX7: if B =0 then x :=0 ‘else x i= CXD/B; . g
] ’ ’ . ‘ T write (C: D: X): ' N .
3 end . . < ’ . P} . “
ur - { - , . Al
'’ . Ansvers to Exercises A3-2 Sst C : Y
+ - ° 1. Tbegin * " real xl, y1, x2, y2, leng’ch .
2=gin .
- BOX1: read (x1, y1, X2, ¥2)} - ) ‘ 3
L . yurite (x1, y1, x2, y2); e s
length := sqrt ((x2-x1)f 2 + (y2-yl) }2); ..
i . , write ("L’L‘he length of PQ is", length), .
O - & to BOX1; . .
, . . ‘; -
" et 3 -
- ! . v ~
i ' ., . *
v + Lo !
~ - P
IS ) | . P ¢ . ’
; EIKTC idkr‘ e . 32"37 .




Aruitoxt provided by Eric

BOX1:

.

real x1, yl, x2, y2, s;

read (x1, yl, x2, y2); h
write (x1, yl, x2, y2);, . - -~
"Af X2 = x1 then e ("PQ ‘is-parallel to the y-axis")
" else begin s := (y2 - y2)/(xe - x1);
write ("The 'slope of BQ , is", s); end;
80 to BOX1; N ) .
1Y
real x1, yl, x2, y2, s, delx, dely;
read (x1, yl, x2y y2);
write (x1, yl, x2, y2);
read (del;c);
vrite (delx); . -
if x2 = xl'
' write ’( "Any real humber will do.")
else write ("No such value exists.");
else begin s := (y2 - yi)/(x2 - x1);
, dely := s X delx; <o
write ("dely =" , dely); end;
g0 to BXm; i ‘

: -
real }1; yl, x2, y2, dely, delx, s;
.read (X1, yl, x2, y2); ° ‘

‘write (x1, yl, x2, y2);
read (dély);

write (dely); -

if yl = y2

else write ("No such value &
begin if x1 = x2
3@: delx := \
else begin s := (y2-yl)/(x2-x1);
delx := dely/s; end; -
" write ("delx =", é.e.'lx); ends
g tomm;




}
' . g0 to BOX1; .

O

TA3

S

ERIC

Aruitoxt provided by Eic:
.o

begin

end

begin

. if al-= X2 >
. E23 »

real -xl, yl, x2, y2, s, x, ¥;
BOX1: read {xI, yl:. X2, y2);

write (xi, y1, X2, y2); .

read (x);° N

write (x); e

#

t_‘h;erl,write ("Any real number will do.")

elee write ("No‘ such value exists."); end
else begin s := (y2-yl)/(x2-x1);

’ ¥ o=yl + 5 X/(x-x1);

- e write ("y = ", y); end;
go :t_:_g_—'ﬁOXl; . -
’ . . . .
— .. . . A “

E x-luy-l: X2, y2, X, ¥, 5;.
BOX1: wead (xI, y1, x2, y2);

write (x1, yl, x2, y2); L
) read (y); . . ,
write (y); v . 3 '
TAur oyi=y2 :
“ 7 thenbegin if y=y1 ,
: ,. then write ("Any real number-will do.")
. _@m‘ite (‘iNo"such value exists."); end,
“else begin if x1=x2 v -
then” x := x1 J ]
gl_s_;e_p_eg_ig s 1= (y2-y1)/(x2-x1); e ’
— x 1= x1 + (y-y1)/s; end;

1"

write ("x = ", x); gn_ci_;




Lar

Aruitoxt provided by Eic:

S S T W
! l . - . f . ™3 o\
7. begin real x1; yl, x2, y2 xint yint, s; < .
BOX1: read (xl, yl, ‘x2, y2), : . d
. write (x1, yl, x27 y2); - . -
. if x1'=x2 ° T T~ - o
) ‘then begin write ("x-intercept is", x1);” g i\, B -
write ("PQ does not 1nt<£'sect y-axis."); ‘end
: / else begin if yl = y2 -t R
. > then begin wrlte ("PQ does n*’t intersect x-axis."); B }:_
: write ( y- 1ntercept is , ¥1); end C i
| else begin s-:= (y2-yl)/(x2-x1); . '
- xint := x1 - ylfs;’ ' . L, T
yint :=, -s X xint® - S
. T -T2
{ write {"x-interéept is™, xint); |
,Wiite ('y-intexcept is", yint); end; T
’ ) end; o .
o g0 to BOX1; C e - o
kY v — - . o
8.  Dbegin real x1, y1, x2; ye, s, xint, yint; ‘ ’
) BOX1: resd (x1, y1, x2, y2); - - .
‘ write (x1; yl, x2, y2); - )
if xl=x2 - .
' then begin xint : = xi; - Yoo,
: o to 508 & ent P
else begin s := (y2-yl)/(x2-x1); ' . =
xint := x1 - yl/s; . - .
‘ . yint := -x'X xint L g . ]
’ ) BOX6: if y1xy2<o ’ '
' then write ("x- intercept is", xg.nt)
else write ("PQ does not intergéét the x- a.xis")
- . if X1Xx2<0 . . '
H " then write ("y- intercept is", yint)
. - else . ‘ . ) .
‘ R write ("PQ does not iptersect the y-axds"); % e
o , end; Ty
) go_ to BOX1 ) e )
- . ’ o - s
. Ty, ’ i ‘A‘M - = s
4 2 y P . .
. Q : / .3540 ;{ o '
ERIC. . » - R
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AIllegal. Second if should be bart of a-compouhd stétement like
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o

.

10. Tllegel. Need begin and end around the Jthree assignment statements . -

. b . -
or else we should .eliminatés "felse g0 to BOXS_,:]

. S
. 12, Legal.’ .
) ' ¢
: s ] .
& > .
’ - - /
' 4
. A«B,
Be«C )
. '\
/2
Answers to Exercises A3-3 Set B - - ’
° 4
1. Following the.flow chart /
. ‘ . - \___\
(a) if 2 < x then begin - ) ,_
if x.< é _then go to BOX20
4 ’ else go™to BOX30; end

else go to BOX30;

hd x

(v) By changing the sense gf the tests we have a somewhat simpler answer:

e

« if x<z2 E}l_e_ggg;‘b_o BOX30; . ‘
if x> 7 then go to BOX30 ' - B
' else go'to BOX20; . s 0 .

2. if .7<Q then go'to BOX20
else if T < R then go to BOX20

; else if 7 < S then go toYBOX20 *
! else go to BOX30;- ' . : .
. . " [
14

ERIC c : .

. E Yoy % . .
‘ " . -
. s L e ¢ ., . , ‘ R , Vb K 1




(2)
. ()
h, - (a)
B (v)
y
Q -

Coa - .
£ 1.7<x then go % Boxe .
else go to BOK30; .
© BOX2: if x < 8.4 theh go to BOX3
C glse go to BOX30;
BOX3: “if -3.9 <y then go to Baxh f
-else go to BOX30; S
_ BOXk: if y < 5,4 then go to BOX26 e
. else go to BOX30; - )
By changing the sense of the tests we have a somev'what simpler form.
if 1.7.>x then go to BOX30 ‘ ‘
else if x > 8.4 then go to BOX30
" else if -3.9->y then go to BOX30
else if y >'5.h then gar’to BOX30
else go to BOX20; o
“ /’
if x1 >0 thén go to BOX2 . )
: else go to BOX30;
BOX2: if .5 X x1 <yl then go to BOX3 -
else go to BOX30; .
BOX3: ‘if y1 <2 xxl then go 1o BOX20
' " else go to BOX30; ‘
if x1 <O then go to BOXS
else gb to BOX30; :
BOX5% if 2 X'x1 <yl ‘then go to BOXS ’
I else go to BOX30; ;
BOX6; if 1< .5 Xl then go to’BOK20' . . . v
.  else go %o BOX30; '
l ] .
f
. . o w2 , .
2 .t . ’ -
) ‘ . a . '
¢ - ' .
L N
i [d ¢ »

. —m— . "\
.

-y,

e




1' ] A . ~ ‘ :o‘
' A3 ° - :
f - ‘T‘\ \ . 4
. (c) if xI'= 0 then go to BOX30 -
c else if x <O then L to BOX5 .
. else begin . ‘
' +if .5 xxd <yl then go to BOX3 .
N ) ¥ 9_];.5.3 ge .139. BC’)X303 ¢ * \./
. BOX3: if yl< 2 xxl then go to BOX20 .
. else go to BOX30; end;
. BOXS: if 2 xxl <yl then go to BOX6 .
. - . else go to BOX30; -
o BOX6: if y1< .5 xxl then go o BOX20 , X
; oy ) . ‘ , 'else go to BOX30; ~
Note that the above answer can be shortened by reversmg th%‘sense .
~ , of the tests.
5.  (a) if x1 >0 them go to BOX2  ° ’
s elfe go to BOX30; . .
" BOX2:, if yl > O then go to BOXS -
e e ~ else go to BOX30; .
BOX3: if yl < -2/3 X xL + 2 then go to BOX20 .
. elsesgo to BOX30; -
- ) () an alternative so]:u“tion: . ’
' if x <0 then go to BOK3O; . R ’
T - g_‘ylsdt_@g_@l‘gBOBO; .
- . * 'if yl < -2/3 xx1 +2 then go to BOX20 )
’ ' else go to, BOX30; , . .
' = §. By reve;csing the sense of the‘\tests,
' . ax 'kl <0 then-go to BOK30; B ‘ i
i ) -5 X (3.14159 - x1) >yl then’ go to BOX30; ' P
L. y_"_ ¥yl > sin(xl) then go to doxzo . v o
L - T ¢! else go to BOX20; o ,
- ) . . r e
7. i ¥s0 then o
begin if yl > - X x1 + 16 then . - e ’
'. begin if ¥l > b x¥-12 then | T
‘ . ) g0 0 BOX0; + . ‘ ‘ 1
- S " endy R
end o, o
. v, £}8¢ go to BOX305 o '
S oo N w.45. P |
. , N e e
:“ - . | ‘- - ‘ b !;??“'Ji’, ‘v’
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Answers. % Exercises A3-3 Set _(2

4

[ 4
"The ALGOL statements are usually easier to write from the form which is
8 series of F condition boxes.,

ERIC*% (-

Y

,
1 1 ) . ‘ ‘
+
. C<D ) S
T ~
2 s ,
> b ks
AN T o
. h)
then go to BOXh ®
4
else go to BOX3; |, - ‘
2. . B
‘ <
1] +
v -
. .
, if X >Y then go to BOX5 else if A'= G then go to BOXS '
2y else if C > 5. then go to BOX5: else 80 to BOXk;
N o ’ < . )
AN ’
-
: )
5 M .
r
‘-0 -
- .. . ) .
. , .
. . ’I .
. . - .
R , - )
o \ b1 )




if A <5 then go to BOXS else if B # 6 then go %o BOX5 T
.else 1£ P > Q then go to BOX5 else go to BOXk;

- =
,Commegz In answering Exercises 4 and 5 draw a flow chart corresponding to the

. given ALQOL statement. Then, if warranted, reverse the sense of oné or
; . .
more of the tests to make it easier to use the ' else if. form. ’
<
k. } - F 10 o 10 2
» ; R . P
\ T F P
. . . g { 8 )
D P (esr o o
= i 7,
T | F.
i i :

form (a) - form (b)
' p Reverse sense of tests =~

. Y
. P . ¢ ) » . {

{ ! e Lo \ . P
o . ' . Following 'fc‘prm (b) we have: . .
o i Al
B if P> Q. then go to BOXIO else if Q < R then go to BOX8
A ' ' else go to-BOXT; -
- . v A = e .
! ‘¢
' s i 1 R = s
," 4 !
- ; - ? ) L - ! ¢ . -
-3 u2 i i .
) . : . - .
il U AR
} ‘EK i ; ! . Lo \ L ,
PRA i text provided by € - ~ K ! v y N . .
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TP =Q 10
&,

. :
. \ F = T .
- Cits D~ 7 C s v
¢ T F
, ‘:\ 7 ’ 7 -
] N [ <* ' . [ ¢
’ ~ _ form {a) ! ‘ form (b) .
. . ' [4
Follo‘wing form (b) we have: ,
o if P #Q then go to BOXLO else if Q4 R then go to BOX10
¢ ~ elge if R =

S then go to BOX8 else go to BOXT;
¢ (Next statement is assumed to be labeled B0X10.)

Comment: In enswering Exercises 6 and 7 of this set the Drocess can be -

analogﬁgus to that used in answering Exercises 4 and 5. However, an .

~ ' alternative coding is even ‘simplet and does not require re-flow charting
N “ N . 4 —
> as shown below. °
o

{ ’ .6 T - 6 )
R T ¢ 1 - ‘F »
6'i , A#B ) ‘7” © A=B ) )
H . PR ‘ ,T'
é ° . [ 2 . 5 k¥ ¢ o
+ J *,
: - . .
- f b o .
' i
, i L
" form (a) ° ‘ . .
. Following fogm(b) we have, P s ., !
- if A B then begin if C# D then go to BOX7 v
‘ - o, ) else £ to BOX6, end . - o o
".\ ' else go ¥o BOX6 . C
: Afl.‘ternatively, following form(a), wé have in two separa‘te s‘tatements. o
if A#3B then M to BOXE; ;, : R “
, C if C=D then /& to BOX6 .else g_g_-f;g BOXT; .
Doy ’, -
~ ' " ’ x5 S .
O & - L8 i - . oo
B /A . ! ' 3 . - . s )
s . ' : . § .
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if
if

Q=

e ]

then go to BOX6;

then go to BOX6 else go to BOXT;
taen go to = £25€ 80 0

B<X<B+5 '

<

7

e ey

3

“then go to BOX2 glse ifi” z"-_<_ 10

then go {o BOX3: else _g_o};t_g BOXY;

)
1
i
\‘
H
<
if z <5~
(:‘4-_
}
!
8 4+
LT
. 4
- i
{
4 v

i

]

A

I
’
»
-
L
-
)
4
3
3
<
}
ot
P
‘
Py
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Ansvers to Exercises A3-3* ‘Sei ™. :
—— =I5 Ig fxercises A3-3" Set L. )
- \~ . PN - .

. T S
1. ~begin . real “=X1,~yl1;
BOX1: read (x1, yl);

- T write (x1, y1); D - .
a i—i'. :‘:l - o w: . ', - ’
. . begin if yl =0,
T - then write ("P is the origin.") 2 4 . '
. N"E N e else write ("P “lies on the y-é.xis"); éc_l_
"else if X1 <O then ’
, begin 4f. yl = O - then'go*to BOX6
else if yl <O then write ("3%)
: . else write .("2"); emd .
o else i . ‘ ¢ A .
: © . begin if yl'= 0
o then BOX6: write ("P lies on the x-axis")
. i ' then write ("4") ) R ok
R = e_lﬁ'write ("1"); end; .
. S 89 to BOX; | .
2 - end . ‘ :
2.  begin, ‘ in‘tege;‘ <S8, m, p, k; T —. ‘ . S _
- ¢ o, BOX1: read (S, m); . . H . @ ;’o
) "k i=m+ S - entier{(m + Sj/@b) X 4 el I A
if k=0 then p 3= -20 N AR
.else if k=1 then p :i=~30 -
' ‘else if k=2 then p.us=0 - . . 7 4
else . p =50 - ‘. :
Crene e owEte (50 S N
. © go to BOX1; co L, : * -
¢ end -t P
‘ < , . 7 0 i ) .
Answers to Exercises A3=5m._$§§1_& . "‘ ‘ ' .
S .1 x5] o | o - ,
;e el L : Ty ' ‘ |
3. gCwRl) I : P

5 b Bli+g) ' - ) .
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td
= ’ B XAI
" Answers to Exercises A3-5 Set B
S real ‘arfay A[1:50]; - | .
‘ “integer 1i; . - }
v .
P . i:=1;
BOXA: read (Ali));
- i:=1+17; . - -
- -if o1 <k then go to BOXA; - ’
. Note k 1is a.constant ns)‘t a veriable for the purpoée of this problem
L because it is given a value before we start.. Therefore k is not
) e includ:ed in the- integer declaration list. s *
2. ‘ . real array B[1:125];°
coe ot . integet 4 : “
J = 5; i . . / al. )
. $B: read (B[3]);. .
) e.\ . “ o, 3 = J‘+‘2; . "
. L ; if J <n then go to BOXB; .
3. real srray A[1:50], B[1:50];
L4 [4
. . integer i;
< ) .1 = 10; = )
s " BOXA: read (A[i]); - .
. / - .
.. i:=1+1; T . .
. -4
if i <n then go to BOXA; . ° ~
.o i :="10; :
: BOXB: redd (B[i]); .
", 91 '.i'.:=i+2; . L. M
W, - L ) | ‘ @
LI P [ if f'--f n then go to BOKB; .
. o T g »
s, S ' .
. L 2 'A(g:,*.
,? £ ’ q. - o ) ’
. ° |
b e e N . . N
o - _—— N * ) .
. . 9’ .
- . . . L B
i, * ’ : . )
- . » ) \/ . h6 . . . .
T Q e ~ . '3 -
— * i { H 1
ERIC. - o . o1
B AR B NI 8 e . ! R

[



v

Answers _‘b_q.Ehcercises A3-5 8et C .

. 1. « begin . + comment carnival wheel with subscripts;
% T . integer artay i’[l:k],;
. f" _ dnteger s, m, k; o 7 ¢ o
BOX1: read (s, m); . i

. - K'em+ s - entier((n; +5)/h) x 4;-
“v 7 write (plk + 1]);

end -~ 7 .

2. beéin ' comrent Figure 3-25;
) integer 1, any, k;
. real array b[1:100]; P

real fc; pd
I:=1;

", AGAIN: read (blk]);
S ) o ki=k+1; \)'
. if k <100 then go to AGAIN; ‘
P BOXhr if bli] Se
+then begin any := I; write (i, b[1]); end;
- iei+1; ’ ‘
if 1 <100 then go to BOXh;
if any = O then write ("NONE");

. end -
— 12
y
7 -
wit

- R i ; vt
. v

L ~ !

’
’ v
- &
- 4 s 4 1 \
3 ‘
. -
el -
e . i ~ )
~
- / ~
R .
. - A Y
-
- L

P . ;L .
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Answer ‘6_6 Exercise A3-5 Set ¢ ] . ) . .
3. ﬁﬁ ‘ * comment finding the actual degreé of a polynomial;
. . integer n, i; ’
. ' real array Al0:50]; : :
BOXL: - read (n); ,
i:= O;. Lo ., ©J .
Box2: read (Al1}); - B
. =1+ 1; oo .. ’ -
if 1<n then go to BOX2; x L
. " BoX3: if Aln] =0 ' ‘-
- . R then begin n :=n - 1; ‘
- = . if >0 then go to BOX3 : L.
i A else _'E)_eii_g_ write (n);
: - go to FIN; .
. C LT end; : -
. . . o, ’
) ' else begin write (n); 4 ‘
) o= 0 ' : ’ ’
‘ BOX6: o wiite (Al1]); L ‘ ‘ ’ -
; LV N ii=1+1; - / -
;o ‘- ’ if i <n then go to BOXS; . " - .
FIN% go to BOX1;
end X
- o N *
- o -
. ' 4 ‘ . i Tt ' ;‘
. ‘ . .
s » i - o
e
e , ) P
R .
L ) . )
N
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Answer _t_o'i Exercise A3-5 Set D ' '
begin E’oxﬁmen‘t orchestraville; * i . ’ ¢
reai array Al1:125); .

° ” 9 integer n, k, copy, mid, mad;

. real meed; o ! -

f\./ ;}
BOXL: . read (n);
’ k= 1; -

/ -
. BOX2: read Alk); ot
:I . -k = k + l;w ' . . ) -
’ - . if k<n then go to BOX2;  ° -
. BOX3: k := 1; N
TR * Boxk: if Alk] >alk + 1] :
L“‘ . then begin copy := Alk]; %
- . e
\'ﬁ]. Alx] :iA[k +1); = - 1
i Alk + 1] := copy; : |
) PR go to BOX3; 7 °
. ‘% . ) Elg; v ' N
’1 k= k o+ 1 ) . ’
) £ . if k<n then go to BOXk; R
. \ mid := entier(n/2); < - .
. \ if mid X 2 ='n then mad := mid + 1 . .
- agv . else mad := mid; ’ N o
‘ . " . ——— - £
) meed :=.5 X {A[mid] + Almad]); .
Lo - write ("MEDIAN AGE IS", meed, “YOUNGEST IS", al1), . .
\v , . . hd
. "OLDEST Is", 4 [n]); j ’
- " "go to BOXL; \ ' '
\ S—I}g i ~ J é .
. . oo {‘ P L v . " ’ " 4 Ik b i i L :
. - s - * o e
A & ’ - - \\", -, {
. .
. , I I
. . - " Py . .
i ’ :
N - * ® ./. -
: «,. - W
N b - ! . M -
’ [} - —
s » . e H .
‘ .Y ! /:
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® Answers-:to Exercises A3-6 ) .
L 3 - " N
" rveal.array P[1:22, 1:27); - - - R o )
) real COLSUM; . . )

nteger I, X ‘ ) . T, - . .
COLSM := O; ’ N : . )

R AE S ¥ N - - . ¢

BOX3: if I =12 ther go to BOXS; : N :

“COLSUM := COLSYM +.P[I, K]; - . g
"Boxs: if, 1< 22 then go to BOX6 . '
! else write COLSUM; .

°

BOXE: -
Ayray P[1: 22, 1: 2715 . .
integr J, L\K ) 1

BOX2: ,P[L,J] := P(L,d] + P[M,d];

. Rl \
“~ if J' < 27 then begin i
P — . C
. . N @ . J := J + l; F * - -
- go to BOX2;-end;
- L.

real axzray. Pl1:22, 1:271; ] o
_integer L, J, IE,» M; — . ’:ﬁ

. . . - .
. J y = 1 1 e ~ B s
v N B o T .-
BOXZ: " if J = K thén go to BOXWT — . "~ .. . . ' ot .

’ P(L,J) := P[L,J] + 2 x PIM,3]; TN
BOX:: if J < 27 then begin . : . '

T ~ J 1= J4+1} .
‘ - g0 to to BOX2,. end, - . .

. . ,
. . -
. . . . ,

.« * ' AN
* . > :
2 » >

~ - - .
< . ( ’
\~ »
v TN | ,
] - . ,
Y - - -
- . 5 . 2
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rk, " real array P[1:22,1:27]; { . .
\ ‘ . " integer I, J, L, M; ¢ ’ . ;
- real COPY; . ) ‘ ’ o
I:=1; o . ’
BOX2:- COPY-:= P[L,3); - , . N
PlL,d] := PIM,3); = ¢ .. -
PIM,7) := cOPY; © . .
« . " if J <27 then- -, .o
- s begin J:=J+1;
. C g9 o BOXe; o - ’
end; . BRI
A
5. real arrey P(1:22, 1:27]; , o -
) integer J; ke v
¥ , real MAX; - '
’ J :=1; . . T T - .
. MAX := O; T )
BOX3: If abs(P[L,J]) >abs(MAX) then MAX : = P[L,J];
if J <27 thenbegin J:=J41 ° | ,
ST e mems e
DL , o« ocemdzLe T oLt R s
-J =1 - - — o
B0ox8: P[L,J] := PIL,J)/MAX; . - ‘
if g<2 then%egin Ji=J +1; iy ‘
' " i v %*to -BOX8; ‘ N ‘ f&i K .
end;
N I . . ‘
) N )
B ) - ' .;‘ ‘
18 ‘ K \ R
\
;
- . _
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~ {k\ ' v . - ! )

o . | tﬁlf - “ . ‘\

PAruntext providea by enic [ . ¢l ‘
v N v ts '




»

:'

-

. -

! . ’ -
. . Chapter, TAL \ ’

) . LOOPING "

1] I » -
— /\ ‘ ’ ‘ &
Sumeary of Chapter A )
" * “
The main sectlons of this chapter are: )
— R L , .
Akl The "for clause" and the "for statement"
A2 Illustrative examples : ) . T ~
Ak -3 Table-look-up » . .
Akl Nested loops . . o ’
’ 4
Thiskchépter f0llows elosely Chapter h of the flow chart text.
¢ - P
Ali-l The "for clause”. ) ) : . ‘ : )

s -
¢ . .

- The "for clause" in ALGOL is introduced, and shown to be the equivalent of.
the iteration bSx and the for siatement equlvalent to the whole loop, that is, -
gpverned by the iteration box- and including the iteratmn box. The por‘tion oi‘ e
the for s’tatement which follows Jthe for clause is shown to be any ALGOL state- e

ment that the student has already learned sbout thus far, 1.e., assignment, 1

input, output, or 1f statement. Moxeover, it may also be a compound statement. 2
LNY
The latter possibili¥y makes it prossible for any, loop, vhich beglns with ar ..
iteration, box, to be'described with & slngle for statement T ., . ‘
A In the exerc:.ses tq this section the student is shown how to yse a for -
statement to code the input or ou’&‘ut of ve'ctoz‘s » where the flow ohart _’
notation is somethmg like: ' » L
. . M ko !
‘ X P, &= 1(1)k) . g
, X - Yo v G
o ! : * * \ ) <,‘
\ : P : . “ LA o )
Ab-2 Tllustrativé Examples , RN . - -
- 3 )

The examplekﬁf the iterati®n box used for simple loops inf'Seotion b2
are mirrored in thls section using for statements. ’




TAY - : -
b . , , .
o L .
AL-3 Ple -Look-up B o
The main purpose of ‘g:his section“‘ﬁ.s to provide the student additional
, opportunity to see how complicated algo:;ithms » Which involve loops and i
iteration boxes, are conVerted or "transliterated" from flow chart to ALGOL.
A . 4 .
Al Nesteld Lloops T -
$ N —— .._L . . t i
Details of nesting for statements'g,re described to mirror the nesting
> 4 ”
of iteratlon loops in the flow charts. We show the student how the statement
that follows the for clause can be another for statement OF, contam one (1f
- it is a‘compound) o . ‘
We also show the student how to express the input or owtput of an entire
- inatri:i by nested for statements (Figure- Akall) .
- Adaltional coding practlce is gained in the exercises which call for
L~ LD,
- trans].atlon of flow cha;'ts 16 ALGOL. - > . . ‘
%24 - ° .
L} -
. -~ hid * . ! 2 - - ! f
. - . ]
4
@ ° Ve . K s 0 . " . & . N
N « ? ‘.
P s . b4 .
° : [N - . * Y - o~ PO e
. .’i ‘ ‘ * - //' -
B . -, . ® . ¢
’ . [y A » .
(i.. - - A) “ - -~
- ° . P
b : T e s = "":,"'.;" I ;:,’:"'::\', R R N T . ‘
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Answers to Exercises Ab-1 , ) T

~

1. begfn * integer N, I, ID;
N redl A, B, C, D; -
BOXO: read(N); |
- for T := 1 step 1 watil N do.

: % begin  read (ID, A, B, C);

_ . D= sqrt(Af2 + B2 + cl2); .
. . write (ID, A, B, C, D); gl_é;
vrite ("ENDoOFOTABLE"); .
g0 t0.BOX0;  ~

+

v +

LI Cx .
)

ite (I, LTERM, S); -
$ = s+ NLT; -
. " COPY := LTERM;
D ‘ ) LTERM := LTERM + N’LT,'/
T

-

o= CO‘P,Y; ’ -

4 . .
e e i P Ckd e Lénd;\' L R ) . .
. -~
pidlant .
o 7 ~

end . - . L.

e N e

integ@:r arra& Pfl:.h];‘
" integer N, SuM, L,.s; m, k;\" "
o " for I o= 1 step 1 until 4 gq\read (P[T});
» 'read (N); .
VSUM = 0 o =

7 for D= lstepl 1N do
. . * redd (s, m); -

- k:=m+ s - entier((m+s)/b)xb; -
. - SUM:= SUM + Plk + 1]; '

b

ERIC © ‘ . 59 .

s e R 7 ..
. . .

4

‘

¢+ write ("after", N, "spins, your net winnings are", SUM, "points");




- » real PAYROLL, WAGES; g )
’ real array T[1:100], R[1:100]; T =

" read (N); ‘ ' . ) o
PAYROLL := 0; ’ Co
for i := 1 step 1until N do read (T[il]);

4. begin integer i, N; Lo . ) o~ ) )
¥

o

' for 1 it 1Btep 1 until N do read«(R[1])} > .
for i := 1 step 1 until N do ’ ' )
. begin WAGES := R[i] x.T[1]; - - . Y
T ‘ . PAYROLL := PAYROLL + WAGES; | S
T - . *
‘53'5 . w write (i, WAGES); ,
end; . . . : ‘ -
— write (PAYROIA); . @ '
‘ ! . ' .
end { &
. 0 )
- 4 ‘ m \
L <
) .
i N -
K
w . &
g
» “
- “ = ‘p
- & N *E
s e e .- bty =
N - SRR © e et
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Answers to Exercised Ak-2 Set A . T . -

Ed

‘L. The first statement; should read
, AN N
MAX := abs(A[1]); , . N

. .
Y -

The for clause 1s improperly. written. It should read
for J := 2 step 1 watil N do

N Otherwise, 0.K. \/

. ~
2. There are two errors: ‘

N -

.
The first statement lacks a semicolon.. e

The if statement has a semicolon. before then--it must be removedf“

The presence of this unvanted semicolon makes an ill- formed

1f statemen H

J -

. 3. There are tw% errors: .

., . The for -clause has an unvanged semicolon after do. \ - -
'I‘here are two statements‘ which should be repedted under control of

 the- counter k.- We need to make a compound statement'

. begin FACT := K X FACT e . s
, . _ © write (K, FACT); IO )
o emd x| - el
R ’ There is one error: ? . _ *

] The write#&atement must be "stuffed" inside the compound, i.e. . wig,3
'ahead of the last end

+

4 The first two- statemembs are written as a compm;%d, statement. - While.. .

~ -

this is quite unnecessary, it is_not 1llegaliand cannot be-con-

‘ ’ sidered an error as it does not change thgksegsetof this code?
' * \ . ey .
- / A
Answers to Exercises Ab-2 Set B SN e,
Lo forT :=1 step L until N do E g
begin COFY (fiBb(1]; ’ o i o
¢ PlI] := Q[I]; | -
. Q1) := coPy; . . L ks
o endy ‘ : . ‘ o
. - / <
9 N ‘

. -
Aruitoxt provided by Eic: . '




RERY . ‘
. ~ i i ' ‘ ¢
TA)+ { ’ lr‘/ ‘ y:
v ‘ . ‘ b , " * .
. ¥
., 2. forlI :=2 step 2 until N @6
, begin COFY <X P{I]; ' . .
) a— ) P . -
. PlT) := Q[I];
‘. Q[I) := COFPY; ' .
end ; o ; o © 7
- * - i . 2o
Cy . .
3. forI :=5 step 3 until N do ) . \ i
*  begin COPY := P{I};. - . 3 : .-
. P(I} :=Q[I]; - - N : f
; Q[I] := COPY; . ‘ ’ T,
g end;
‘2, . A}
k. ND2:= Nf2; . )
forI: =1 step 1 until NO2 do -
: Q1] := P(I; o 0
alternatn’ely, B ‘ - )
” for I :=1 step l'until entier (N/2) do '
Q1] := BlI]; . . -
- . I3 -
¢ . .
5, W02 i= /2 . L «
4 o s oo . -~ [ .
. for I :=1 step 1 until NO2 do -
Q[E] 7= P[NO2-+I}; , - .. » - - -
4 : .
alternatively, L -

o= i 4
" 4 forlI =1 stepluntil N/2 do
Q1) = PIN/2 + I;

“ ) - ’ ' - S
'6. NOZB : = entier (N/2); - - : o ’ et N
if NOZB = N/2 then K ! = NOZB .
) y else K ;= NO2B + 1; ~ )
forT := 1 stép 1 until NO2B do R \
Q1] := PIK +.1]; ‘ . .
. L3N *
. O R ,,f . s ‘.
7. forT :=N step -luntil N-K+1do .
! . BT+ 2] := P[I); ) I ‘ :\
: R | - : ‘ o :
B(a).  sMUB = O; & v, L ; ’
L ,forl =1 _ggp_‘iuntn 100 do - , !

o7 SmMouB SUMCUB-!-P[I]B,

&

@
-
\un
[e0]
<
AN
o

. . - ' v .
S .
e l,_ MC , . N
[Ara . A : . - - ~ .
y o T \ - ., , <t ‘g “r L . » B P

o

. e - - a : A
< :w‘.ﬂ,‘ N R . T ., R é? N ) . ‘1 i, 'Y




for I :=1 step 1 until 100 do _

[ A,
.—-—.

-

——

LI

if P[I] < O then SUMNEG := SUMNEG
) ‘ ~ ..
8(c). SUMCUB := 0; : h
SUMNEG := 0; . ‘ RS . ¢
. SUMBIG := 0; . '
for T := 1 step 1 wntil 100 do
. begin * | - -t .
L SMGUB-\SUMCUB + PI1]}3;
“ . if P{I) < O then SUMNEG := SUMNEG + P[I]; ' ’
T, ‘ if abs(P(I]) > 50 then SUMBIG := SUMBIG'+ abs P[I];
- S-ng; - . ) -, . . )
i ) v
9. COLSUM := 0; s o, .
for'l := 1 step 1 until 22 do : L :
if I # 12 then COLSUM := COLSUM + P[I, K]; K |
write (COLSUM); - .
. 10. for J :=1 step 1 until 27 do . j
© L TR, 9 := P[L, 37+ ®(M,’0f; 0 Tt ’ - - '
: .a - T - . . .
11. for J := 1 step 1 until 27 do o
if J # K then®[L, J] := P{1, J] + 2 x-P[Y; J);
. . ’ ,. L <3 - »
12. for'l := 1 step 1 until N do '
- s - -- - if.abs(P[I]) % 50 then go ‘to BOX3; IR R - -
. AN! := 0; ) :T - . o "o
£ o BoXs;
BOX3: W := P[I]; . . . : , .
. ) ANY := 1; o . P
T B0 R j ' '
Conment on Préblem 12--suggested code: . i
wot The ALGOL code proposed in ‘the student text for this exercise is wrong
becaude Box 3 of the,flow chart, which is outside the loop, has been "gathe;red" B
. iri"to the loop in the proposed ALGOL code. In‘the flow .chart once you enter = - *L%“

1

Box 3 you hive left the for*statement. N P
.- i . \ . . o

1 S x = i . .
.o ..%\ - \ %3 \ . ‘
ARG i

) \ . \11 4
- i s N * ‘ 3 LN
e e L . oy , § » ‘}&’ i




f,c;r I :=N step -1 until lwdo )
if abs P[I ) > 50 then £ té BOXb;

- g0 to BOXS;

BOXl#:J W= P[I}; ’ N ' h

. . “sx
¢

o

&r alternatlvely,

:= 50; . .
m I :=1 stepl until Ndo
if abs(P[N - I + 1}) > 50 then go to BOXk; .
: g0 to BOX5; , i : ' P
BOX+: W := P[I]; ‘ ‘ '
BOYS: e sk ’
1k T := 0; . - ' : N I
N : forI::lite‘gluntilg\ic_lg‘ , . x
Note: all |~ R ' .
one for if abs(P[I}) < abs(M) then begin :
‘ statement if'abs (P[I]) > abs(T) then T := P[I]; end; _
If T = 0 then begin write ("NONE"); go to HALT; end; .

“‘" BOX8: NN ) - > l;k" . co .

) It's assumed that the empty statement labeled HALT is to be found at the

end of the program. A similar example was used in the student text at the

‘ beginning of Section A3-2.

. b

150 7 for I :=1 step 1 until Ndo s Rt : )
. if P[I] <M then go to BOX3; Tl
write ('NONE'); . * . v ;
] o - o, v . o
" go to HALT; A . »l_%ri«l, - -
BOX3: * T := P{I]; . ,  \ ., * T -
AN « . . « A s
BOX4: for K := 1 +1 step 1 until Ndo. q
\ Note: a1l = —= === b, .
' one. fof .| . if T < P[K] then begin .
statement * if PIK] < M then T := P[K]; énd; - - )
' : . BOX8 ~a— t ) f v
. * -~ N, : . ’ N
* - . ' . ' . ! . ‘e
J Again it's assumed that an empty statement labeled ﬁiALT is to be found at
7 the end of the program,, ) ) , AR

. R .
LN ':~ * * 4

; \)‘ . . ~:\‘ 69"-5 L3
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Y

. Pl ) 5
. i :
T § - ’ P — )
f T :" L
i6. ". SMALL := Q[L, 1;1; ‘ o
. Zor 9 := 2 step,l wntil N do ’
. Af SMALL > QL] J] then SMALL := Q[L, J];
. ‘, ' .
R for, I:=M£e_g-1g:c_i;1d_o .
. QlI, R) 2 T then go to BOX3;
o Bo_xu: FOW =0y .
’ . g0 to BOX5; : ’@1
A BOX3: -* ROW =15
‘ . ] . BIG := Q[I, R]; T
. j ' BOX3:T A~ -
L Ansvers to Exercises Ak-2 Set C Y .
1. "begi}n ‘real array X[1:50]; ’
o “i?_él'uA: NUM; ¢
. )  integer I, J, N; . .
' v resa (W)y ’ . ¢
. for I :=1 step 1 EEE N do read (X['I]);'
. . read (A); .
. 2 Yo - - NUM := X[1} - A; -4 L.
for J:= 2 step luntil Ndo  *
~ . Y “NUM := NUM x (X[J] - A);
. \ vrite (NUM); g ..
" end . - pd
. . .-
L3, l'tg‘. begin real“array X[l:é_()]3~ ) ) ’ L
real A NUM; ‘ ] X -

1n‘tegerK I, J,\.N

read (N); | :
for I :="1 step.l until N do read (X[I]);.

read (K, A);
" NUM := 1;
Jfor J :=1 Step 1 un’c,ll N do
©if J ;é K.then
NUM := NUM X (X[J) - A),

. Ey

I3

write (NUM), ) &
- u% “61. ;;’v
. . z I 6{) .
. f i aw
o S
P L. - | ¢

2

l‘ﬂ*




2. begi;m
| : real DEN;
integer K, I, J,'N; ‘ ' -
g . read (N); . . ,
for I := 1 step 1 until N do read x(11); -
read (X); -
DEN := 1; ) i
Zor 7 i=1stepl until Ndo
" if J 4K then :
3 L DN := DEN x (X[J] - X[K]);
- . write (DEN);

~real array X[1:50]’;

= »

. «

. 3b. begin tnteger array P{1:4}; ' - - S~
. intege? CV, SUM, L)s, m, k; -
for i :='1 step 1 until 4 do read (P[I]);

b o

N read (CV); .

N StM := O; ) . ' . '. e
for L := 1 st8p 1 until 1000 do y -
begin -
’ ) 4 reaci’(s, m$);
k :=m + s -’entier((m+s)/b)xk; .
« . . SUM:= SUM + Plk + 1];°° -
‘ if abs(SUM) > CV then begir .
‘ write (Ij, cV, SuM); . 7 ‘
‘ - go to HALT; e_ndj i, -

SPory sy a TR A e -

P . RN . /"end';fe’.) e . ) i ) i T ;
;o write ("ERROR"); - * .

~
Al
'

=t R .
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Answer to Exercise Ak-3 . )
begin comment Look up in an ups;;ted Table;
real array X{1:200], Y[1:200]; ‘ . - ,
real A; '
integer X, N, 1O, HI, I; L
. read (N); 75‘3\ .
' for I :=1 step l-until N do read (X[K], Y[K]); , ° 1\
10 := 0; ¥
HI := N +1; ) £ - °
. read (X[L0], X[HI]); ., ’
read (A); . .
if X[10] < A then begin : ' -
if A < X[HI} thep go to BOXT7; end; i
_write (A, "is not in the range of the Table");
g0 o BALT; | - S
BOX7: for I := 1 step 1 until N do -
begin %f X[I] < A then : ) ~
L) -‘ !
begin if X[I] > X[10] then 10 := I; end ' -
Tlse if X[1] < X[HI) then HI := I; N
end; e o . o
.- : -‘!—* T - e T ® .
. write (X(1o0], ¥(rol, A, x[HI), Y[HI)); ]
HALT: ; . ; O . °
end . &
. W / -, -
,n‘ s S & v oo
- w‘ . . 3 . T
I3 . © -
K :
L ; . « - ¥i
°© - (‘g’f >
B, . - - a
. ’ 5 ’A ©
t:” o NI ’ b
~ * . 6yt
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Answers to Exercises Al-L Set A

)

I .
j; 1. o BIG := 0; TN
it

i

; . for T := 1 step 1 until Mdo - -
I for J := 1 step 1 until N do I
i v . vt B
j f if abs(BIG) < abs(P{I, J]) then
./i v " BIG := P[I, J];- .
' write (BIG); - -
2. ' » LARGE := P[1, 1]; .. )
ROW := 1;
- COL = 1; .
o for I := N\gtep 1 until M do
° R . . . one great big
for J := 1 step 1 unt%l N do ;{ for statenent
. . if LARGE < P(I, J] then
. begin TARGE := P[I, J]; -
.o ROW := I; /\
o COL := J; f
; . write (LARGE, ROW, COL);
. .. ! . . .
3. LEAST := ‘p[l, 1]; ;
ZTALY := 0; . T
y , for I :=1 step 2 untidl M do
- one big for . . :
. statement , for J 1= 2 step 2 until N do '
R ° if P[I, J] = O then ZTALY := ZTALY + 1
P else if LEAST > P{I, J] then LEAST := P[I, J5
= - write (LEAST, ZTALY); *
® - '_ﬁ
< ok, . #6 1= 2 step 1 until M do . -
» ) . ) o« s o .= . N .
- . e e for J 1 §tep5‘l until N do .
o . P(I, J) := P(I, J] + T X P[l‘]; C .
o £l . . Q ‘ , N . c. . .
. ° o0 g 7 . ? . .
5' n ° 2 ° \a ’ . ¢
Iy - - g 4
. ’ P e © : 7 ' N
. . . of . . .
. . . ; 9 , .. . 'y i . :%} R
' . - e e ) R -4
’ *y - ) ' .
“ /? [ * N .
. ~ - . -.. ., L4 . \ . { , \u v
- . <
" s " S . LT " 6k 68 .
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kY
. . N H ’ ’ TAh'w
- .
.
o, - . - £
:'9 ¢ . . ’\, - R . ‘.
5. ‘ L ove P .
. .
i 7 ’ ar
» . . :
4 . . * '
=, SN . d .
L 1 .
« $
- ‘. one great big

T~ L for I := 2 stg 1 until M _._S_ statement .
AR < fMIN>P[I J] then L AN

. begin. - ~ ’
2 : <, MIN P[IJ],' 3 A

., K .- ) “ . A . s “
R ‘ oo BOW =13 s - *

AN
.S AN -
L . : Ty 4 N
. - ;&‘Re (MIN) J; AROW); - . .
» T end; ¥ R N o B N
e ) R a2ant L® 7 -

- . R ] for I :=2 step 1 until M do

. SR for J := 3 tep 1 until 'l I~ 1 do . . . '
I . * 2 - . . N -
. 4 \ .. SUM :._ SUM + I) ’ -
’ AN Bt R . N

T e T

. for I := lstepluntla.M-ido, _ : -
S Tor J := 1step luntilMdo . . A a ]
¢ . . ]

sw2 := siM2 + {1, J); .

,8' Te ANY ,;_ ; . - . ’ ( IS

for J.:= M s 2 -1 until 3 do . -

oo o7 .. _ LAST = P{1, J1; '
' 'forT=2_tLe_Elun‘t11J-ldol‘ E L
if abs(p1;3]) > 2 x hsr then go to BOX7 R
) . . else LAST := P[I; J); V. L
. S BOXTi weite (B[, 3}, I, 3); - .. A

i -

LY

v

N . . I . -~ N N a N
.o S oL ANY := g ;o - ‘ I .
AN . ’

. . i -
® EOE end; .- . . , ‘
o o, ¥ s .. ’
s - if ANY = O then write ("NONE"); © ., p

v - / '
e, [ ! - ’
LA rs - .
N . \ ( . YA~ .
e . &
.
a2 4 -
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‘Answers to Exercises Al-L _S:et B -

1(a). begin

R
comment Numb&r of non-cqungruent triangles whose . .

P 4

end

*(b). - begin

/ﬁiQ g

S

-

sides are of" integer length less than 100;
. Integer I,:d; S; -°

¢ S := 0; N ) !
_i;o_z_'_I r= 1 step 1 until lOO.d_o .
for J := 1 + entier (I/2) step 1 until I do {-

8 i=S+2xJ -1
write(s); =

commentcAccymulated perimeters for the S friangl_es
counted by preceding progiam;

T ) ;5 s ) .
Integer I, J, K, P; S AN
Pi=20;- .

|3

,,;v_fi{:I =1 s‘teR% until 100 do
for J :=1 +\ent.ie1“(I/2<) step 1 until I do

for K := I - J + 1'step 1 until’J do -
T P ePg=P+I+JTtK; N
write(P); . ‘ ' ,

7. E :- Q{ .
g s )
. {“. ,j ‘ &
o ‘ ,

c ) sl

L 2 3 .-

g . .

av
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. : . 3 ; TAK & %‘
o L : 4 S
« Answers to Exerc1ses Ah 4 Set C ! , e - o, g zf ;?T.
}. N " ) - begin comment ) prime Fa.ctorizati-gh Alégri‘thm} : . s
’ P "integer N, 5 ' '
read (N); ' N . . T
for K := 2 step 1 until sqrt(N) do '
one for * if N = entier(N/K) X K then <
N . s‘b\a"temen‘t - begin write (K); oo .
o ons stavemsnt 1oop o W=/ o
without use of a for g0 to BOX3; - b
statement’
if N £ 1 then write (N);
’ ‘ end S
2. . begin comment shuttle interchange .sorting; . .
real array A{1:500]; T
' real COPY; . ’ . ‘
+ integer I, J, K; N; ' . ' /‘)
. . A .read (N); ) ) .
© for I := 1"step 1 until N do read (A[I]); o
for J := 1 step 1 until N - 1 do
- ’ ‘begin S (
. if A(J) SA[J + l] then go to JUNCT;
. "COPY A[,J], T . . .
one for © ALJ) = AT +1); [ / .
statement AlT + 1] = COPY'
T for K.:=-J - 1 step -1 until 1 do
& if AK] < A[K + 1] then-go to Juver (. _ i
B else begin COPY = A[K)] ,
. * A[K] := AlK + 1];
AlK + 1] := COPY;
"“ end; £y . ’
’ JUNCT: ;
, L ’ end;
T . ' for I := 1 step 1 until N do write (A[I]); .
s LT end ,
B . . > - o, - . ,
) ’ o . )
o o ! ‘.\»“.;:., .

i enc < t 5 o
. - . . .

r)




A e By,

>

ER]

.
PAruntext providea oy enic [

e

N

v

<
¢

. -Egg_i_rl comment sleeper Fig. 4-35;
" real srray A[1:300];
real-COPY; |

intege'r I, J, K, Ny .
read (N); 8
for K :="1 step 1 until N do read (A[K]);

LY

)

for T :=1steplyntil N - 1do
for § := 1 stép l-until N -+I do
if A[J] > A[J + 1] then
begin COPY :#A[J];
AfJ].:= A[J + 1];
A[J + 1] := COPY;

C

.

©Lrend; .

1 step 1'until N do write(A[K]); _

for K :
——— A

‘end o

1

begin comment longest décreasing suBsequence;

.~

-

real array A['L!:lOO];
integer orray B[l:lOO];‘
integer N, I; MAXINC, J, K;
read (N);

s for T := 1 gtep L until N
MPXINC := 15 '
for J := 1 step 1
*begin B{J) := 1;

' for K t= 1 §tep 1 until J - 1 d6 -
if A[K] > A[J] then begin

i? B[J} <-B[K] + 1 then
B3] := B[K], +1; end;
if MAXINC < B[J] then
MAXINC := B[J];

do read (.AZ[I] );

until N do

.

[
b

end;
write (MAXINC);

’

-

R
t O
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- Chapter TA5
PROCEDURES *
\ ‘ z é i .

Ansvers to Exercises. A5-1

1. real procedure cubert(a); ':'c_e_:Q a;
real g,h;
. Q% g:=1; :
loop: Th¥=(2 x g + a/g 42)/3;
if ebs(h-g) > ,0001 Qg_f S
i . begin g:=hy
) go to loop;
- . end; )
cubert := h;
P 'gn__d :
) ,
b4
’ 2+ real prodedure f(x);
real 54; : .
. fi=(3 xx-2)Xx+1; - ‘
s .
' . S ;7
k e . .
N 3.  xeal procedure absol(x); - ]
ot 'gﬁ X - SO . -
" '.~.’.' - . . if ,x%X O +then absol := -x else %bsol := X;
. s no ’ . ¢ ‘: /
e ) ' T,
o LTS . . R
. - f . ‘.. v e,

.
Y K - . ’
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Answers to Exercises A5-3 Set A .- ) -
1. (a) real procedure .f(x,}"); real x,y; - :
0 s((x A3 ) § 2% 5)/(sbs(x) + 2)3
. ‘ ) 1
(b) (.z:=f£r,s) + 6 x T; ¢ " . ) v
2.  integer procedure right(a,b,c); real a,b,c;
. begin right:s O; ' .
if ~c < 0 then go to error;
- if <O m_@_t_oerrorg‘ \
if a <0 then go to érror;
. if exc=axa4+bxb Er_en_right::l%
if axa=DbxXDb+cXc then right:=1 else
B c, it XDb=aXxa+cXc then'right:=1;
error: .
. . end ,
N 3. (a) _{gg}_. procedure max(x,y,z); real x, y, z;
'_b_egi_r} ﬂ}_ frgst; ' .
, Lrgsti:=x;
) i lrg’s‘t < ¥ then 1lrgst:=y;
if irgst < 2z 3:_h_eg lrgst:=z; )
- ) max:=lrgst; , o ,
- i end 4 e
. 3) begin '
’ real 1lrgst; -
real procedure max(x,y,z); real x, y, z;
7 comment put procedure body here;
read(4,B,C); ’
1rgst := max(A,B,C); .
, . write (1rgst); i "
end ! : - .
. - - . . . .
. ¥ -
CA ) i \
(s ' '
o . 4, .
. i
El{fc‘ /4 '
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I\
. A5
- ) . i
4. " Let quad = 0. indicate the.error exit. N
* «
‘integer procedure -quad(x,y); real x,¥; . ; . .
‘?egin real z; ’ . 3
. if x =0 then =2:=0;
.. " if x>0 then
begin if y = 0 then' z:=0;
oL . if y >0’ then z:=1} o~
. if y <0 then z:=k;
T e ’ ~
if x <O then . , '
: "begin if y = @ then 2:=0;
i_f Yy >0 then z:=2; s . *
. if y <0 then z:=3;
. quad:=z; .
. . \..\)

end

3 . B

De.. ° integer procedure insect(xl,yl,rl,x2,y2,r2);

- .real .xi, yl, rl, X2, y2, r2; . )
. hegin resl ist; Coo e ‘
if rl < O then insect:=-1 else , -
if r2 <0 then insect;=-1 else
begin . e 5%
, . -distr=sqrt((x2-x1) 4 2 + (y2-y1) 4 2); .
if dist = O then -
begin if rl = r2 then insect:=100 * else o
L, ) ) . insect:=0 end else
if dist = rl + r2 then insect := 1l elge"
Af dist = abs(rl - r2) then insect := 1 elge
i c{ist < @bg(rl - r2) then insect ¢= 0 éisg -
v =~ e 1f alst >l + 2 then inséct £ 0 elge © | [o-
e . . insect := 2, S -, - ;
A ) © end; - / : ‘ ’ I
. end - . ) b
) . ¢ .
. ; ' 5 P ! S
‘ /
. , , .
| 75 o
&) ’ - 71
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reel. procedure -anyroot(a,n); real a; integer n;

begin ) o .
Teal h,g; integer ij ’
g i=1; P )
for i := 1 step 1 until 10 46~ :

P wilafebe);

. - if abs(g-h) < '.0001 then go to fln,
g := ((n-1) x g + h‘§/n.
end; *
fin: anyroot := g;
ed e,

-

t
(a) ..real procedure irate(n,R,L); real R,L; integer n;

begin real rest, pay; .
rest :=*.0L X R; ] c
‘pay i=.L; - N
g fori:=lstepluntilndo
S X pay := pay X (1 + rest);
oo irate := pay; v
end N
B —_— < - ‘s .
Alternate solution: * * "

real procedure irate (n,R,L); it
_— w
real R,L; integer n$
irate := L X {1 + R/100)%n; & " .
. e

4
-
. "» \\J.‘
t - -
..
.
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Ansvers to Exerci.ses A5-3 Set B : : ) Lo -
1. integer procedure GCD(A,B); ) ) .
’ integer A,B; . 3 - ) .
¢ begin-integer r; , @?
' i A>Bthen © ;
’ begin r := B;
) B := A .
A :=r1;
end; | : ,
. again; ir A £0 then - .
. begin r := B - A X entier(B/A); .
T T B := A )
A= 1;
BO 1o again; )
end; 4 N
- ~ GCD := B; - .
- ® ’ >
2. integer proceciure GCF(A,B,C);. . : . )
¢ _ Ainteger A,B,C; < ,
begin integer x; & B ‘ -
X := GCD(A,B); . ' . .
S ’ GCF -= GCD(x,C); ST .

end ’ o
. snae . ﬁ
- ¢ *
’ R

Comment: The function procedure GCD would have to be declared in the

. head of the main program along with the declaration of
. procedure GCF. ‘ ‘ -
+ . , e . . 4
- ‘ ’ ‘y ‘ ‘ ) ~ Al
- LA 8
J - oo,
/ - ,

o B : 73 0 - '
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! . integer procedure GCF(4,B,C);

o o

«“(a) begin comment nuitber of non-sim#lia:r"' triangles;
integer §,I,J,K;
intéger proceduré GCD(A,B);

comment put the rest of the declaration of
procedure ‘GCD here;

[y

comment put the rest of the declaration of .
procedure GCF_here; v I

i R S := 0; : PR

+
for 1_._.._.1. step 4 until 100 do

for J := 1 + entier(I/2) step 1 until I do Y
" forK =T -J+1 stepl until J do \

* here: if GCF(I,J,K) = 1 then S := 8+ 1;
write(8); ’ .

1

~ \ - i J— 1

(b) Replace the statement labeled "here" with

here: " Tif GCF(I,3,K) = 1then S := S+ I +J +K;

‘

*

g Comment: In case students run this problem and also problem i on the

computer, you will probably want them tte cut down the size of the -
problem. Otherwise, excessive computer time may be required. For
example,.triangles vhose lengths are less than 50 might bgf enough ~
Likewise, in problem 4, you could consider all numbers iess than 10
. instead c'>f: r109.

-~

1.':’%
b 23

Py




. ; ) { . | '\ i !
‘ . - TA5
. K b
begin ; - : ' ' .
integer I,J,X,L,TEST; : \ ) ' , ‘ L
integer array CUBE[1:1000]; ° ‘ ' ' N
comuent place declaration of iné‘eger‘@rocedure G(:fD he1.'e ;
comment place d.eclaratiomo\f integer procedure GCF here;
for I :=1 step 1 until 999 do . . \
" begin CUBE[I] := I x I X I; ‘. )
for  := 1 step 1 untir I do
begin TEST := CUBE(I] + CUBE[J];
' if TEST » 1019 then go to over;
- ‘_,__K_EE I -1; - CE
- . L:=J+1; Y :
back: if L > K then go tb again;
_ . if cuBE(L] + CUBHK] = TEST .
) ' then begin if GCF(J;K,L) = 1
then write(I,J,TEST,K,L); /// ‘
: ) LEL+1; o ) / ?
K:=Ka-1; . . '
, : g0 to back,’l* - ¢ .
else if CUBE(L] + CUBHK] < TEST .
. then begin L := L + 1; ’
80 to back;
TN . ) . ! e_nd . .
o ' else if CUBHL] + CUBHK] > TEST '
. © . ' " then'begin K := K - 1; x ’
go E back;> - .
: end; . " o R
‘ again: T, end; . - s X ® -
over;—é_l_d:;\ « " : L & -
¢ .
. ‘ : . — N
’493‘ ‘. * 7/ A ” Yo oy
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Answers to Exercises AS-4 Set A ' ' .
1, procedure absol&x,absx); real x, absx; : a %
begin. if x < 0 then absxi=-x else absxi=x; end .
. ' x S
. 2, (a) procedure cxadd(al,bl,a2,b2,§,b); real al,-bl, a2, b2, a, gﬁ ;
iéggig ar=al + a2; . J
, Di=bl +5b2; ” ’ i
_ (b) procedure cxsub(al,bl,a2,b2,a,b); real al, bl, a2, b2, a, b;
begin a:=al - a2; A
- br=bl - b2; .
ks end .
(c) procedure cxwplt(al,bl,a2,b2,a,b); real al, b1, a2, b2, a, b;
. begin ‘a:=al X a2 - bl X b2; g
’ o bi=al X b2 + a2 X bl;
(d) procedure <Ixdiv{al,bl,a2,b2,a,b); real éi, bl, a2, b2, a, b;
i begin gggl denom;
denom := a2 X 827+ b2 X b2; .
a:é (al x a2 + bl x ©2)/denom;.
b:= (a2 X b1 - al X b2)/denom; )
end ’ - 3
(e) begin real al, %l, a2, b2, oper; ) : . )
comment place declaration of procedures cxadd, cxsub, cxmult,
- . and cxdiv here; ;
. " read(al,bl,a2,b2,0per); . )
~ write(al,bl,a2,b2,0per); -

if oper = 1 sthen cxadd(al,bl,a2,b2,a,b) else
- if oper = 2 then cxsub(al,bl,a2,b2,a,b) else
if oper = 3 then cxmult(al,bl,a2,b2,a,f) else
N

if oper # 4 then cxdiv(al,bl,a2,b2,a,b); .,
i ==
write(a,”+",b,"i"); . . p
‘end L. ’ . R
~ ~ ct 4
» . %
. . g . coL
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3. procedure sort2(k,A,B,&rror); - N
. integer KX, error; array A,B; . -
begin real copy; integer i; L ) )
a v x P

i_i_'.kso then |

begin error:=lj.’ n . '
’ g0 to return; B
end; ; ~
error:=0; ’ ’
again: for i:=l step 1 untii k - 1 do-
begin if A(i} >"A[i+1] then
begin copy:=A[1]; - . — :
AliJe=Al1+1]; ,
Al1+1]:=copy; ' (
copy:=B[i];
- Bl1]:=B[1i+1]; ' ‘ /
v B(i+l]:=copy; -~
. &0 to again;\/
_eng;
return:

. end

4. (a) procedure count(n,countfac); ) s

integer n, countfgc; - o .

comment A negative value of vountféc indicates N < 0; -

begin

- real bound; integer k;

i n < 0 then ' v o :
begin countfac := -1;

go fo return; -

. . ‘ end; \

. countfac := 0; ;

- .

) ., bound := sqrt(n);

. _ * for ky:= 1 step 1 until bound -1 do -
_5_.} n = k X entier(n/k) _‘t;_tﬁp_
- . . 'countféc' e countf;c,+ 2;,.
y_: n=kXk E_}_xgg cc;untfac := countfac + 1;

.., ~N
- . retur_n:

~ ;ﬂg . . Y

-

S .17 Provided by ERIC
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% 5. : S N T ;
, k.o (b) Dbegin integer r{, fac; ‘ ; ., R ) g
) “‘comment‘ place procedure coun‘b‘here; ' . ’ ' .
/ * for w:=l step 1 until 1000 do L L
_ begin ‘count(ngfac); . e ’ :
- if fac = 2 then write (n); T !
. &nd; - . ’
S oo em ~ , L N
. 5. ‘(a) Bi'réékﬁrém—gfiq_uot(numbez", n,parts); A T
, , 1’nte§er number, n; integer array parts; ‘'
begin real bound, integer k; [ " . !
. X *®  if number < O then ‘ : )
- ) ’ - begin n:=-1; go to f‘etum, end, )
T , “HAv=1; . - s
7 ) parts{1]:=1; | "% \&; ) ’
- . if number < 3 then go.to 'return; ‘ N .
- . bohnd::sqrtinumber);\gt ( . —. pe
u for k:=2 step 1 untillbound do S '
. " Dbegin if number ='k X (number + k) then . . ’
o ’ g ! parts(n-1]:=k; .
) " C * parts[n]::number/i{' 1" 2
, . H
- ’ B end; . ‘
) . L if pa-r;[nj = ;arts[nf-‘l] then n := n-1; oo -
return: - N _ T, ’ Loa e
&nd had .

(b) begin inﬁeger i, n, j, sum; integer array A[letjé];‘
" comment place procedure aliguot here; ’

3 ﬁ " for 1:zl step 1 until 500 do £
_ begin aliquot(i,n)A);
if n<o thené\&n}z
. o7 S begin write ( ossiblew\),. .
' ' g_x to set; . .
o ¢ . "end; T, | ¢
® ., . Sum.—O ' ) -
e h : for \ Ji=1;5tep 1 until' n do. , g
s - . sum:=sum + A[j] .
s if 1 = sum then write (1) -
. ~ set: . <
end ' . .
- The firsy five perfect numbers are 6,28, 496, 8128, .33550336.
) , ’ S * “tar
F ﬂc . . 1’ 84 o
e ! T - '
; . P . e Cig

s <t 4 . . B -
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. - : b . )
. 5 l(c) begin- ntege i,J,sum; integer array A[0:500], B[0:500];
i ! comment place procedure aliq_uo‘t here; “
BRI @ forl-lit_ep_l_‘c_._Ll500do" <
\ ' _3&_:1 a.liq_uot(i n,A) . - . N
., . - “ if n<oO then” S .
. T . .. - Dbegin wite("ippossible"); go to set; end;
@ ) ’ sum:=0; .. L Y
ESE £or ji=1 step 1 until n do K i
- - sum:=sum + A[J];
o . B[1]._sum, :
- if suwil < 1 tTlen ”
L . 1 . ,\’:_ begln if B[sum] \ i then write (sux'n,i); end; -
e end; * = T )
D t set: s . : ' . ki . ﬁ j
’ K < T e
- ) The only pair of friendly numbers 1és$ than 500 ‘are 220, afd- 92811»
.o Answer; o Exercises 5-h Set 1':3'_—_""x R ‘ ), .
N .réal proce_dnre Least(n A); R ,’ .
.o WSO in‘beger n; real array A; Y\ . .
A . “ comment this finds the sfallest component of A ‘ ,
.. . . begin resel S; integer i;. 4
« o ;
. ‘ L ‘ 8 = A1) \(1 Pl 5
[ 7 ford al stepTupml nao \ -
B C 07 4.Al4] > S then S := Al1]; i ;
S, L Lesst := 5; ) . : S .
Dt gnd; - ' < 1 4 C
'»'_' 2. ir;;p_e@ prbc.;eduré Subleast{n,A); - ” , [ . ‘ /
. o in’cear n; real array A; ‘ -
o —u . commén£ this finds the subscript fof the smallest component of A; /
L e _(-.:Li_ réal S; mteé‘é?5 te ‘ S -
- . :' ; S = A[l], . . . . )
< Pt C Ki=1y v
. e+ for i .-l_sjgﬁluntfflndg . vt ’\" oy
L. if A[i] >8then S I S
= o , o eﬂs = Al lm;z : “
i . ' ML K :=1;» . Lo~ <,
. . end; . “« (\ : <
‘- : \ . Subleast := k; 7 N - " ) j i .
: end ;%% . ‘ A P ¢ \ s
L R T
.::,“o' SN, 88 ow T o \‘
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3. procedure Marks(n,A,s,k); . e

~
Ay
~

integer n,k; ,

real arrey 4; . ' .
’ Eg@ s.:={A[l];,.:h -
T K=y . : o
| for i := 1 stepd untik n do .
if A[i} > s then .
';b_ggi_n s := Ali]; .
g b T ¥ =1 -
. 0 . end; '
. end '
° L.
Ansvers to Exercises A5-L Set ¢
1:° procedure degree(n,A); ’
’ integer n; integer array A; ° .
begin comment the degree, of A is the final n; )
over: if Aln} = O then s ’
e ‘ Iig_i_r.i.\'m{l = n-1 - .
S if 1 >0 then go to over;
. engy .- ] \
emd -
‘2. procedure §implify(n,A); e
integer n; integer array A; C
comment coefficients of A will be divided by their .

greatest common factor. Procedure GCD is used;

begin\ integer D,i;
D := abs(A[0]);
for i :=1 step 1 until n 4o

]

begin D := GCD(D,abs(A[1])); - -

. ifD=1 gopa return;

end .
. fori=Ostepluntlindo °
>, ¢ Al1) :=A[1]/p;
re‘urn:'. ’

4
’
.
-
.
.
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-Comment “procedure RDCMOD-reduces”&n nth degree
> polynomial A(x) modulo an mth degree
polynomial B(k) where'm < n < 100 GCD used, .

s

, brocedufe RDQOD(n,m,A,B)f N

-,

.

[ integer n,m; integer array A,B; s . ,
begin integer C,D,x7¥; ) . T .
< —— »
i m< 0 goto return; o '
‘e again: ifn<m 80 to return;, - ;
. x := GCD(A{n], B(m]); .
C :=@3[m] + x5 . ) N -
L. T D= Aln]es x5 . )
for i := 1 #$tep 1 un‘billn dg
.. : if f < m then ¢ : -
' ‘ Aln-1] <€ x Aln-1] - D X B[nkyl] ) :
else Aln-i] « C x Aln-1]; °
. —_— - A
; Di=n-1; ' .
] degree(n,A); (4] oo . .
. - T 51mnlmfy(§,A), ( . .
80 to again; : .
return: ’ *
_ end - ¢ ) .
. T JJ - ‘
T ‘i ™
\ o,
. 3 o . ‘
.0 %
o / '
. S, .
4 | . g . , .
~ o e
r . , .
) N ” o
. . : i
7 s \} -
ir ‘ _ .
. . ; | ! |
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begin comment program for finding the greatest common divisor of two
polynomials A of degree n and B of degree m;

~
integer n,m,i,ew,t; .
) .integer array A,B[b‘lOO]; ‘ .
" comment put declarations of k& procedures:degree, s:.mpllfy B
RDCMOD and GCD here; .
. o
+ "readf{n,m);
for i := O step 1 until n do regd(Al1]); ’ )
T for 1 := O step 1 until m do read(B[i]);
o degree(n,A); ’
simplify(n,A);
degree(m,B); . !
simplify(m,B); * ™ - 1
Y ‘ sw = 0 ¥
BOXT: RDCMOD(n,m, A,B) ; i {“‘}
. . » 3 B %
- T :="n; "o
BOX11: if T > O then begin sw := 1 - sw; ®
' if sw=1 go E_’gé‘B%XS else 52-19 BOXT;
end - - '
- — S . ’
else if T = O then begin h‘ite("l") . -
- e b
. g0 “to BOXL8; R -4 . .
¥ . ¥ R . X - ':,
, < . emd
‘ else if T < O then begin if sw = 0, then .
o i, foriw=1 s‘tep»J_ until m do write(B[i])',
" i else'for i :i= 1 step 1 yntil n do write(Al1])s
© go to BOXLS;
: .  ends. "
BOX8: RDCMOD(m,nfB,A); , |
' i To:=m} | / j} 4
‘ A 4
[t go to BOX11; /
Bk : ‘ ‘ L
srf—d : T Al ‘%é

~ ' \ o
+ There is a supplementary exercise set in the Teacher's Commentary at the -~

end of Section 5-k.

the solution set #o tle exercises:

\

1,

real procedure ihtodec(
b:integér n,b; array %;

n,A,b); ’

~begin integer i; rg_l,s; -

s :=0;

for 1 := 1 sEeR

Ain‘bodec\ := s, b

end v r s
| ,‘,\

re I
R

.’Juntil n do

s ¥ Al1] xbf(n-i), '_

Y
- '
1

h 82“
86 .

Lo

Here are the ALGOL programs for. the flow charts given in




2. (a) real prbcedure tefy(k,A);

«
integer k; array A;

<+ Dbegin array comp{1:16}; integer J;
comp{1]:="0";
comp{2]:="1";
comp{3]:="2"; )
comp[h} ="3"; ’ :
comp[5] =" 1"
comp{6}:="5";

. comp[7]:="6";

" comp[8]:="7"
comp( 9] :="8";
comp[lO] =*g"; s = .
comp[ll] ="u"y \ !
comp(12] :="vy"; : )

« comp(13]:="w";"

L comp{1L4]:="x"; )

comp[l5] »»"x", :
% ‘ comp[l6] n z";
,  orjelsteplunilésn 00 -
. begin if Alk] = comp[j] then begin
] o idefyi=j-l;
"o to set end;
— . end; ‘ .
write ("INCORRECT CHARACTER"):;
) idefy:=0™ .

*

- . set:
» T .
- e
end | ” , .

(0}» real procedure hexd(n,4) . s

’ , infeger n; arrdy a;, .

' g begin. integer-i, digit; resl dec; ' " °
comment Pplace real pz:oq:edure idefy(k,A)
dec:=0; o

y ..
‘ . forJ.(—l_st_eRlun‘tﬂna'/ﬂ‘_
/ " begin digit:=idefy(i,f); ‘
’ s+ dec:=dec + digif x 16 $(n-1i);
end; P
hexd := dec; A . : '

. ¢ s,
)

~,y

~
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4, procedure outdec(d,b,R,m); ' ) . ’
‘ - ‘ integer 4] v, m; array R; . )
| begin integer g; mi=l; ’ .
‘again: q:=d + b; ) . ’
Rim}:=d - q X b; . '
' if q = O then go'to return; ' -
! '~ : m?=m+l; ' ‘ ) ¢
) d:=q; ¢ '
' g0 to again; - - J
return: ' !
¢ .
5. beginfinteger bl,b2,n,i,m basell; array A,R[1:100]};
. comment plaé:e real procedure "intodec here; T ¢
v 4 comment place pmce‘duz:e'ou‘taec here; ' -
B read(bl b2,n); ’ . - T s
. fori =1 ster/l until n do read(A[i]) ’ N Do
. baselO := intodec(n,A,bl); .
outdec(baselQ,b2,R,m); -
_ for r := m"step -1 until 1 do wri‘t:e‘(R[i]); , ,
g : N :
[
, 6. (a) procedure Rnum{n,A,num); integer n, num; array 4;
. ’ begln &rray roman[l 7], valuefl:7]; 1n‘teger last k,i;
= 4 rom_an[l]{._' ) :
’ ’ roman[éi::"v" ;0 ey 7 .
) ‘ roman(3] :="X"; o ¢ . -
‘ | 'romar’x[h] =LY ) ) ‘ ' oL L
4 roman(5] :="C"§ g . L
Lt xj,oman[6] :="D"; e . \“
* roman{7]:="M"}; ‘ . B
- " valull) :=L\; " . | _ i
L . © valu[2):=5; - '
. . .+ valu[3] :=10; . T -
~ 7. ) valu[k] ‘ d )
ta ' . . valu[5] :=lOO; ' " 'L' A\: . PR
: valu[6]:=500; . v ¢ - .
valu[7]:21000; - P G
. MEISyTTTTTT — 1 e ! ‘
. co, lastis8; S B A |
Sg Mleomtmen)t | o g ) S : \:




6. (a) (continued) _ ¥ .
' for k := 1 step & until n do
begin for i“i=1 step'l until 7 do

if Alx] = roman[i] then' go to BOXT;

‘t‘

- . .- write("incorrect character");
S 3
2 go to return;

BOX7: if last < i then mum := mum- 2 Xvalu[last]+valuli]
( else num := num + valu{il; )

last’:= i; - - “

N /
. end ’
— / :
return: . ,
end ke ’ - , .
- ' \ ’
.

(b) begin integer n,xﬁ,i,'sum,numl,r}um&array' A[1:20], B[1:20];

. . comment place declaration of procedure Rnum here; '
) again: read(n,m); , ’ *, -
for i := 1 step 1 until n do begin read(A(1]);
- . . » . wite(Al£]); L
. . lg_r_ggsl . .
" for'i =1 step 1 until.m do begin read(B[1]);
. write(B[1]); , T,
| ‘ end - .
. p ‘Rmm(1:1,~A,numl); ' 4 ’ w
. . Roumi(m, B, num2) ; . . ) v .\\
‘ ,-sum := numl~+ num; ' . ’ . B . ) R
: write("suin =",su;); o . . s \
e ‘ <. ’ - -




vy

N ferred to' the procedure.

’ *y

Supplementary remarks on assignment of values to non-local variables ’;' ) <\

-

The follom.ng should help you to visualize how the information on r%on-

local var:Lables is transmitted to ‘an ALGOL procedure. Suppose an actual para:

meter is a single varisble 7T and suppose it-matches g formal parameter X in

the procedure declaration. At the time f?xe procedure is ekecuted, there are

two ways lnfomatlon about T ,can be transferred to the procedure. These cor-

* respond to dropplng in the window box labeled "o and to dropplng :Ln & slip .of

paper on which the value of T is written.

I we drop in the window box labeled "T", this is referred to as "call by’

" name If ‘wg drop in the slip of paper, it is "call by value". In the pro-

cedure head in gddition to the type speclflcatlon of X, it is posslble to

include another specification:
. 4

; - R

value X;° ' ,

’ /
vhich insures jhat only the.value of T, the actual parameter, will be trans-
The address of T ‘will not be known. There is no

danger,'therefore, that the procedure will alter t,,}le value of the non-local

-

" variable T. : ..

s -

In thg function procedure we have until now guarded agalnst thls unwitting
reasslgnmenu by forbldchng assigrment to any non-local variable inside a funé-
In the

tlon rrocedure. Now we have a second way to accpmplish this safegtard.

proper procedure the output variables mist be in the call-by-name category ’
s1nce otherwise the compiler Wuld not know where to assign the values to be -~
outnut ALGOL is so defined t?lat all simple variables not specifically desig-
nated to be called by value are called by name .We have been calling by name

. .
lour roce res. ‘
C, -
o

(by default, so to s ak) in
PE

Answers to Exerclses
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-

,

1. _ procedure roots2(al bl,cl,82,b2,c2,x1,x2 L); . . o ,
- . rdal ol,bl,cl,02 2,2, x2,x2; ebel mL, o , i .
T * . . begin real denom, . t oot ' .4
A denom 3= al X b2 - aZ X bl; . s =
- if deénom = O then go to T - A e
. o "] else vegin X1 :=gcl X Y2 - c2 x‘pl)/denotn,, SR
. ' w ) x2 i=(al x'za - a2 Xcl?/denom, ' o
.oy end; E . .3
< , end s . o Y r iﬂ
: ' % R ; o f.:.; ;:1/ -
P L T b T B ) & % e
LE > : SR
d g - 7 86 9() I NP
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ol r . " TAS
o . - i ‘ .,ﬁl‘if - + .
2. a) - e aE '
( N
comment a procedux Wfﬁ‘ind the real roots of & quadratic equation
. * ytilizing alternate exits; i
proceddre ROOTSA(a,b,c,x1,x2,L,M,N); o )
. real a,b,c,x1,x2; v .
label L,M,N; ‘ .
b . begin real disc;- ’ . .
? ’ - r !
. if a =.0 then
- ) ¢ -« .
- begin if b =<0 then go to L .
2eeild 11 P ~ien g0 Lo - 4
. else begin x1 := -c/b;
- | g0 to 1 ‘ i
end;
end .
& else if b = O then ] s
} begin if c/_a > O then go to N ' <
. " else if ¢ =-0 then g0 to M N -
. ) . else begin x1 := sqrt(-c/a); st
¢ N . x2 = -xl;, .
P . . - - - ’
. _ 8o to return;.
. ’ . en\ds ?
end -
- =2
. ~ else begin T . -
disc::ba’xb-thxe; _‘D‘\fw"
- ’ if disc > O then . ¥, . ’
'. : . begin x1 := (-b + sqrt(disc))/(e X a);) e
' ' %2 := (-b - sart(disc))/(2 x a);
R S 80 Yo return; :
‘en - . ¢
Llse if, dise/= O then - -
A . . :
5 ! begin x1 := -b/(2 X @); s
T teM;
end ’
< P v . -
. &lse go to N; | ; v '
end; * 7 . .
J,‘ Y ” -
L] »
?'$4:’Z’.y bcf? {‘_ . v . R
I ‘% % s P X 2ot .
L FE o 53 :;é“ "% pe N\ A N L \\ A
. " : ? o8 ] 4, \ ! \ .
\ivq 3 a?gl f )
’ 1@’ ; 4 ] 3 ’" - 2 .
‘ | v |
. . - M 4 .
1. 3 - @
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(b)

’

: ' : n:=1; xl:=-bfa end

.
Ao

'

c‘omment a program to calloprocedure ROOTSA;
begin real a,b,c,xl,x2; ' ° "
comment the procedure declaration for ROOTSA goes here;
read(4,b,c);- i
write(a,b,c); - . .
ROOTSA(a, b, ¢, x1,x2,BOX5,B0X6,B0X8) 5 ‘ -0
write("TWO SOLUTIONS xl=",xl,?x2=",x2)i
g0 to fin; ’ ,
BOX5: write("NO INTERESTING SOLUTION");
go to fin;
BOX6: write("ONE SOLUTION x=",x1); L
¥o to fin; © - ' .
BOX8: write("SOLWTIONS ARE COMPLEX"); .
Fin: ..

end ~ . B
<

s
5

comment & proper procedurg for real roots of quadratic égua‘tions;

procedure roots(a,b,c,n,xl,x2);

_real a, b, c, x1, x2; .

.

integer nj; : ,
Vegin real disc; ’

it e f0~ghen .
begin if b 40 ihen o

g begin disc :=b Xb - 4 xaxc; .

! _J:_g disc > 0 then

begin n:=2; .
) ’ Xl = {-b + squt(disc))/(ex:/);
. & e - (-b + ?qrt(disc))4(ex()i end

i

. " else begin if disc = O then begin

i

2t .else n:=3; :
T

end; go to endroots;

v

end; N
if cfa <0 ‘then . ' o
gggl_n_ ‘n:=2§' xl:=squt(-c/a); x2 = -x1; "end
else ri:=3; go to endrocts; e .

" end ‘

else if b # 0 then "
-begin n:=l; xLl:= -o/b; end , S ) .

K _else n:=0; . ARG ] | R
i N N ' TR ; T
rendroots:, end Lt - .

b TOTY ey v

' 'y i y . . 3
b A ~88 ;
d A T A 92 I A -
. . .

. :
4 b
) . -

P
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2. (d)‘3 be in N
comnent pieces of a calling program for* roots, *
. rea.l a,b,c,rl,r2; ;! , ) . ;
integer k; - ; s - e >
. ot £ .
. Comment the procednre declaration _of roots must be%:ﬁxserted here;
M read(a,b,c); . ; . o -
- write(a,b,c); . S
roots(a b,c,k,rl ,r2); :
if K'=0 then write("no interesting solution")»
else if k 1 then write("one solution x =",rl)
L else if k = 2 then write("two sdlutions rl :"‘,z_‘l,“r2=",r2) : R
" else if k = 3 then write("solutiong are complex"); :
end '
* . P ?
, . . LY
¢ e ¢ ’
C
- S o
; AN
- N .“\’
- ° T S N
i i ‘ . -
/ -~ . "', A ~ .
- - >
i N N ‘
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3. (using la?@{s as procedure parameters)
. o

A
F

procedure f(x,y;T,q);.
: real x,y,T; lebel q;
| -
) else T

{
2 then go %o q

((xT3+y)T2+5)/(x-2),

Calling program:

© begin
real r,s,V,m; label boxl2;

comment labels really do not have to be declared in a main program, .

comment place declaration of procedure f here,

read{r,s,V); -
£(r,s,V,boxl2);
=V+ 6 Xm
g0 to ell;
boxl2: write("V cannot be cgmputed");
all: . ’

- -end- - — :

- 3

Answers to Exercises AS-6 *

1, procedure.‘contch(n,s,c,count);
integer 'n, count, c; arrey s}
1nteger‘m, loc;

I"( begil - :
‘ ) ’comment the procedure declaration for

inserted here;
.. <, mi=l;
. b= ‘
] coun ”
.again: chekch(n s,m, ,loc),
if loc =

. e,
count:=count+l;

~ 7 A

" mi=loc+l;

- g0 ‘to again;

return:
+ en o <o !

i
| - s
d

4

,0 then go to return else.

*

chekch mus

. A

‘Q/\ n v

.
- . . I o~

e P




2. procedure parenchek(n,S,errofh

. integer n, &rror; array S; ) ’ roe
° begin integer count,i;j/ i )
o ] count :5 O; - o
for i :=-1 step 1 until n do -
© begtn if §[1) = *)* then A

- .
begin count := count-1;

end
. end a '
-else if SFi} :="("then count := count + 1; end;
- o — [ty
if count = O then error := 0 else error- i= 2;
‘;eturn:.
end .\
- * o s
3.  procedure contst(n,S,k,C,count);
-7 1n‘teger n,k,count; array S C; °
—_— -
- . begln in‘teger,m,,].oc a' N -
' comment place procedure declaration chekst here;
* . .
. unt := 0; e o (
l) R
. a ain: chekst(n S sm,k,C,loc); .

if loc = 0 then 80 to return;

K count = count-+ 1; ‘
f’ 3 N - m 3= loc K -1; f!
,‘ £0 to again; - ‘ N
retu:rn: 9 l
o - end . s | - . e
) - .
R IR
! -
.‘t/ -~
B ¢

- . N
: P T
.

- . . ¢ ‘ FR
\ ’ 3 ‘ 4
» ! { . . R

v
. ~ 91
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if ceunt < O then begin error := 1; gt

Y
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. - . ' . .
4. (a) procédure ave%(m,n,A,v); L . ] - :
igteger‘ m,n; real v; array A; ¢ é

. ﬁ integer num,sﬁm i; : b s é

. — ‘ num := n <@ ok 1 L . ’
A T sum = O; ’ e b L
e R 4 num = O tHen begin v := -50; go to return; end ,,
,' g}ig’:f;g_{ i:= n;-step 1 until n ig_ , .
' : sum := Sum + A[i] o *

~V iz sum/num,

return: ) : » PN
v RSN
- s/ : . .. ¢
~ . . - . ‘\. 5.
(b) begin integer m,n,k; array Ali:n]; real average; ¢
v ' - " T, . comment place declaration of; procedure aver lere - : )

place declaration-of procedure rgadstring he're;

readstring(k A); . , -y
7 . Ll
again: read(m,n); { . ) o
- . . \ hd . i N wr® .
. aver(m,n,A,average); , <ot \
. ' Te : .
. write(m,d,average); )
¢ go to again; . ' ) 4
» AR . e .
N end : . -
- .
~ . e ~ & ’ -
~ N .
, | .
] o] SN
' * * A ?
» ' 2
. 3 N v . i o )
W@ .
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Chapter TAT .

’ .. ! o ) w” L=

SOME MATHEMATICAL APPLICATIONS . .

r s

<

' The material here will parallel cipsely. that in the student®s Chapter ‘AT,

. p . ; . . el S
Since no new ALGOL contepts have been introduced, discussions are limited to-
v s . . . N . -— ) » M

specific points regarding the exercises.

*

,  Answers ’éo Ebfercises AT7-1

’

1. ‘ beg*n A , _5 p
. : reil proceaure f1(x); ;eal %L = (xt2-1)xx-1; ° :
“ R real procedwre 2(x); real x;£2 f= (x + fnx); ©
, - real procedure £3(x); real x;f3 :=5 - x.- 5 X sin(x); s
. ge'_glgroqedure fi(x); real x;fh := (xt2- 3y xx - 2; _
’, . real procedure ’f5(x); real x315 := L(_}i -.2) X x - 13) X x‘- 10;

: (3
*, BOXl3a:

BOXh4: jgero’ (g4, BoXih, o, 2, .1, result);., : .
write (résui‘b), g to BOXS, Ly a
BOX1k : write ("method is inapplicab@,.e for £h(x)"); 1 .
. BOX5: - _zero (f£5,. BOXlS, 0, &, .1, result), . \ .
' : “ .
. ) write (result); go to BOX6; 'N> :
- BOX15: write ("method s inapp‘licable for f’j(x)")
BOX6: - .. , ﬁ /
: end ' N
' “ ‘ . ' k LY
1 ‘ B ‘ '/
Q g 93 Q7. )
ERIC - e 97 roo. .
oY ’ : '

comment place the zerc procegdure

here;

‘write (result)» go to BOX; _ L

“write (Moops');

- % real result; \ ,
_zero ‘{£1, Box11, o, 2, .1, result); e 0"

. wrlte (result), g0 to BOX2; .
© BOX11: write ,("method is 1napp11cable for f1(x)*);

.BOXe: zero (fe,*iaox.le, .1, 1, .15, reéult) H .

. write (result); g0 03(3,

BOX124 write ("method is inap licable for £2(x) ") = '

BOX3: zero (£3, BOXI3, 0, 2, .k, result); P
. ) write (resql’o), 8o to BOX3a; A ‘ . 2’;‘ f “ -

BOX13:,  write ("method is inappkicablé for £3(x) “), go to BOXl4;4 ;@

| BOX3a:  zero (£3, BOX13s,.0, 2, .ooor 'result), - oF
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Ca}éulateq results .
(1), 1.3438, ¢ = - 0,1 ' oo

(2) 0.60625, € =0.15 -
(3% 0.87500, € = 0.4; o 9&565,
(b T (Not available this editioh)
(5) MEthod is 1napplleable.
begin ' i
'.&- real procedure l(x);" real x;
real grocedure £2(x); real x;
real Eroced £3(x); real x; 3 :
) réal procedure fli(x); real x;
real Eroced e £5{x)s real x;

£ =10

fl :
f2.:

4 .
f5\:

*”

(xt2-2)xx -

.
+

3;

“

((xt2+3) xx-2) xx

.

_ﬁh‘; "y

(('3x>°c:2)><xf2+7)xx-'1+;

-'(xf2 -/‘l) X X -
(x -.3) xx - bx

.~ real procedur

e f11(x); real X3

= x + 4n(x);

3

« real procedure £12(x); real x;
© real yO, y1, ¥2, y3, vk, y5, ¥6, YT, &; -

) forZ.:xlOOﬂosuntnlooao T
’ begin
" y0 = Z; .
VT yk o= 11(2); .
y2 = £2(2); .
y3 = £3(2); .
yh = £4(Z); N
. ¥5 = £5(2); : .
y6 = £11(z);. . " s
' y1 i= £12(2); Lot
" arite (y0,¥1,¥2,¥3,¥4,¥5,¥6,¥7); :

end;

.

The exercise x

in the desired interxval.

-
- . e

{a) 15.03 (or 15 to"'bhe nearest foot)

(b) 15.65 ft.

[

. -

I

»

i .

1;

£12 125 - x - 5 X '51n(x)"

(sin(x)) }2;

,tanx was not programmed since it is not comtinuous

¢
.




¢ _‘-\r N ~ T (

begin . L ' o
sin(x) ~ 2/3 x (x);
sin(x)/_c'os(x) - 10, X x;

real procedure £(x); real x; £

[

. real procedure g(x), real X g

[ ent procedure zerg goes here;

reall pi, A, B - ;
. pi ik 3.14159; - o
. . zero (£, BOKh, 0, pif2, .0001, A) )
v zevo (g, BOX:, Q, pi/2, 0001, B);’ - _
. < write {"root of £(xd is" A, "doot of g(x) is", B);
' g S BIB; : R

' .t BOXh:, write (' ethod is ihapplicable for f(x) " or- g(x)");

b BOXS: LI
“ end . L N . .‘
o . ) v, \
L4 > < ' «
. ° t )
. 5 begﬂn , \

real proced

sqri(l’- x t 2) - xt 2;

sart(1- x¥2) =%t 3;
sqrt(l, - xf2)"'-'x1 k-
sqrt(1l, - x§2) - x¢5;

.real f;’ g2 :
teal’x; &3 :
real 3{; gh

real procedurs g2(x);

. . real procedurd g3(5<);

real procedure” gh(x);

real Eroced {x)s ,reél? &5 :

]

real- F1, F2, RG2, G3, RG& RG§, .
zero (£; BOXS, 0, :5- 0001, F1); \ Coe
(£, BOXS, ', 1, .9001, 2); . ’

(g2; BOX8, .707; 1, .8001, RG2);~
(g3; BOX8, RG2, 1, (0001, RG3);
BOX8, RG3, X, .0001, REE); T .
zero (85, BOXS, RG1+ 1, +0001, RG5); .

. write (F1, F2, Rcé RG3, Rk RG5) go to BOX9, e
' "BOX8: write ("oops");, .

L}
Zero .

Zero

~ »

Zero

. zerd. (gh,

* . i ‘e ‘ » ’
BOX9: . o D

end . Co ) - . \ B

.

. . . -
; ;

EMC v + . -~ . . \-.

. ] ' . . -

$'f(x); real x5 £ 1= x X sqrt{l -ﬁx£2)~— ;.

’ 'comment Procedure\zero goes here, - -
e
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TAT-2 - The Area Under a Curve: An Example: y = 1/x, betweent x =1 end x = 2
. » = » re ’ . !
Ansvers-to »Exerc1§;es A7-2 . § T
1. (a) If ebsi . is sufficiently small, two successive approx:.matlons may
differ by more than epsi for every ‘'n, n< 100, * |
S (b)) If the calculatlon failed to terminate before = 100, the storage

* set aside for T m.ll be exceeded

.

3

.

1

(¢) Before the statemen‘t ni=n 4 l add. if n =100 then'@'t_o_ S3;

Before statement BOX9 add 83:. write. (

‘ 2. We could'eliminate the calculation of 2"
Ve

all the ’I‘i‘s at once., Only the current

. r'u::'ren‘t: ong are needed.’ If we call ‘these

, .
E;;‘}o«n tolerance exc;eeded );

for each n. We do. not‘n!!e&
T and the one Just befone the

OLA.REA and NUAREA we do not °

. need to use any subscripted variables.’

e ) .
. ! - - i .
/ ’ °
; R . .. P
. > . - M »

L4

Revised Program ’ )
~ -
. begin . ) .
,4 ) integer m, n,.k; R Ty

real ), epsi, s, OLAREA, AREA;

read (epsi); ' . _ -

OLAREA := 0.5 x (f£(1) + fgg.)); Y. T
‘ m:=1;hi=1; n:sk - . .
BOX3 mi=2Xm o

\ e : 2 T

h =

S = hf2; - L. "_ |
: s = 0 I i . < ‘

. ﬁ)ﬁk::lstePEuntilm-lc_i!
"s i= s+ £(1+ kX h); .

AREA;-=o§x0LAREA+h£s;

. ) i 1f n'= 100 then go to S3, “‘“ E ~_J
moi="n+ 1; .
) OLAREA := ARFA; ) ’ | LI “
‘o g0 to Boms; - NI .
R $3: “write .("Error tolerance exceeded"); ‘ ‘
BOX9: write A(epsi', "ABEA =", AREA); . "
" end v ‘ ) )‘

l "‘:; v C. . ' k4

- / A * *

- “"%:‘ s . '

J .
. .

\
\

— . -, . . - ,::L"




. ., Y T
S . L

<o ) . ™
£74 . - s ;
. " For epsi = 0.01, AREA = 0,69412, ) L .
For epsi = 0.001, AREA'= 0.69339.
3. Let 1imit be the maximum number of iterations to be pérformed.
begin . .
. ' integer m, n, k, limit;
: xréai h, s, OLAREA, AREA;~ .
' . reﬁh (Limit); oe '
OLAREA := 0.5 X (£(), \(2)), .
“  h o= 1.0;|m :=n = 1; v
o BOX3: | m :=-2Xm; M ‘ <
) . RS - .
.-t ) 3y s h/2; ‘ )
s si=07 -
T *. fork :=1step2untilm - 1 dos .
s .8 =5+ f(1+kXh);
\ . AREA := 0.5 X OLAREA + h X 5;
if ny- limit then go to BOX9; ‘
' S 'h :=n+ 1; . .
‘ : ', OLAREA := AREA; ‘ ]
\ N ! go to BOX3s o, A
s T ' .
BOX9: <  write ("n", VAREA", "absdif");
o . write (n, AREA, abs(OLAREA - ARFA)); :
T " end I ’
. . '——‘ ‘\ -~ .
3 . . N ‘ P
, >~ . / T -
. 'Ansver: for n =45, AREA = .693Lk.
b, Ak we need to do is to put the label repe“at" 6n the read sthtement and
_add gne statemen‘b béfore -'end". e added statement would be
- e '.‘ ,
. "
-:‘?- . ~ 3 ’ ,
7 » 2
b ‘I )
' v . . - i
% R k4 « "
~ i . ’ , € N ‘
. AR ' - . 3 > ¢ hd
? ! * }
R e , o . ‘
:' \ /: ) ‘ N . . ,
...," “ L a A E ’L . _‘»'\3’ R - % SO . »7 RO :—‘—«—-——A.waw.»« e - -,4_;‘.-_..___4
\'. T \}4 ] [ .. v 97 . A . N
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ERIC

.
~%
&

\50

o te 4
-~
1
. - 1
v’ v - -
.
- . v
- o

begin .

.- real s, t, a;

integer n, k; . e L

.zi read ({nJ; N S
s:=0.75; v Sl e

t:=1/n; e ‘ | . -3

Sor k:=1 step I ungilin - 1 do .. i
s:=s + 1.0/(1.0 + kX t); - e
. h v '/§;=S/n; ' - o
T “irite ("AREA=", 8); -
/‘ -&). t_o 2;' ' . M '
" end : ~ .
For n =5, RREA = 0.69563, 2 '
For n = 25, AREA =0.69325, . .
For. n = 75, ,AREA = 0.69316. , * <«
' For n =125, AREA = 0.69%15. -
For n = 200, AREA*='0.69315.
- : ) o .
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TA7-3 Area Under Cwrve: The GeneTal Case

A

Answersyto Exercises A7-3 .

1.

(a) resd procedure erea2(a,b,n,f'); real a, b;

integer n; real proceduye f;

begin P " o
, real h, K, Sj o ‘
h = (b - a)/n;’ ['

= o. 5 X f(b) + f(a)), oo
395 K:=1s _Egg lpntiln - 1do
‘O’éS:=S+-ﬂa+-Kth

‘ared? := S'X hj Lo
‘end* ares2 = !
¥
\ . ».
téesting pyogram;

bégin . .
4 N .
real procedure Z(x); real x; Z := sin (%);,

comment place declara‘tlon real procedure area2 ﬁere,

v

5real A;,
A := area2(0, +3.14159, 5ooo Z);

qste (a);

1)
“

»

.

diasmeter T the area is , 3.876. . .

The area under the sine curve is 2.000, while for a semicircle of

(b) of course this is not the usual method for printing a loganthm&"
table. The problem is g:.ven 10 connect again the area method to the

) introductory discussion of 'Znx. The correct values of zn.x are these:

‘

o

~ Anx . z.nx

>

©0.00000 . : 3.ﬁ3§99

1,79176 358852
239790 374357

2.77259 - 3.8286k
. 3.08452 '

3.25810

{
il




] < - .~ ; .
. - \ - W
° , e s
L CL : o -
. * ‘ . . ) . J i ? -1
. , * - . X 3 . *
. 1(v), The ALGQL program could be .written: o f e ° .
. ' begin . ' - ) ’ ' ‘
AN é -
* . - real procedur y(x), al x; y = 1/x, ..
, ! ‘comment place de¢laration'area2 here; o y .
s ' integer 1i; feal'w, 3 - ¢
) ‘ for i,:= 1lstep 5 u E‘tiI 51 do .
, begin v := area2(l i, 5ooo, ¥); :
: ol write ("na‘blog of", 1, "=Y, w); .
.- R - q = ﬂn(i.), ,
: ' . write ("gn of", 1,. =", a);

end; . . .

'
. . end 4 L e & - -
. ' . . J’. ' ‘e * 12 | *

T 2. The varisbke m indicates the current number of subdivisions. The

following revislons to the procedure area (a, b, epsi, f) would

" accomplish the desired termination. )

-

.

(1) Include an integer INMAX as an argument of the procedure ares,

- ) ‘(a, b, epsi, £, IMAX). Don't forget to declare MMAX, .
rd

(2) The program through %he statement OLAREA = NUAREA, could remain the .

- . {b
, same, The rest coyuld be . . . “
L " if m < MMAX then go to BOX3}
. write ("Acdu,racy cg'iterion exceeded", J.QJ‘IUAREA),
",BOX9 area := NUAREA; B . . P
‘ end q.réa ! . +
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LN PE Y ' ~ \’ b * ,
e ' ) L
Y., - .o L ‘ .
. “}3!:? (a) b_eglh * *

el " rea} procedure £(x); };eal x; £ _.1&3h29/x,

comment Place procedure declal}atlon for area here;
‘comment Placc procedure declaration for are42 here;
L. . real .z; integer i; % }/

’ for i:=1,2,4 do . ‘.

‘!_Je_gﬁl_ . R ) . ‘ »
. z?:area2(l.0,3.‘0,i,f);
writ‘e(l.o,(a.o,i,z);
end; ' N .
.z:=area(1.0,3.0,0.001,1);
s . write(1.0,3.0,0.001)z);
’ - N [

(b) begin A
real procedure g{x); real ¥ gi=3 Xx42+2xXx+1;

comment-Place procedure declaratiom for area here;
commen‘t Place procedure deelaration for area2 ‘here,
real z: integer i; ’ )
for i = 1,2,4 do,
Begin v -
. . zc:‘agia}(-'E.O,E.O,i,g); P '

s ) ‘ write(-2.0,2.0,1i,2);

end; ' L i
. ’ ] z:=aréa(-2.0,2.0,0.001,g);
' : write(-2.0,2.0,0.001,z); =

’

i " (c) begin C B o,
v * sreal procedure p(x); redl X Pi=X A3, X A42;

commeht Place procedure declaration for area here;

comment, Placde procedure declara‘tion for area2 here; *

- ~~

real z; ir'xt’éger i;

for 1 =1,3,4 do .

* . z:=area2(1.0,4.0,i,p); ) .
B write(1.0,4.0,1,z); T ..

' ) ;end;
: -/ s=area(l .O,k.0,0.00l p);
) write(1.0,4.0,0.0 l,zS

e - end

ERIC LT TR
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Computé€d results:,

v

.

. (a)

-

Supdivisions

o

v
i

> .

0.57905
0.50667
0. h8u9,6
047724

52.00
28.0Q0
22.000
20.000

72.00
50.063

" u4.578

42.750

real procedure (x)‘ real x; fi= sqrt h - xf 2);
comment place procedure called area here,
real RESULT;

RESULT := area (0, 2, .0001, RESULT),
write ("PI equals", RESULT);
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Q TAT- 1+ Simultaneous Lmear Equa‘tlons Developing a Systematic Me‘thod of

Solution , \ R
Answers qu_ Exercises A7;1+ , ..
1. begin R |
array a[l:2,1:2],"A[1:2,1:2]; . - ’
‘ - array b(1:2], B(1,2], %(1,2];
. R: read (a(l,1], a(1;2], (1], al2,1], al2,2], b(2]); °
- Al1,1):=a(1,1)/a(1,1]; . - - . .
Al1,2):=a(1,2)/al1,1]; ; > ' o o
B(1]):=p(1]/al1,1]5 « -0
i * Al2,1])i=a(2,1]) - al2,1] x A[1,1];
i Al2,;2):=a(z,2]) -"a(2,1] x Al1,2]; [ . - ‘
« B(2):=p(2] - al2,1] x B[1]; > .
, x[2]:=B[2]/A[2,2]; ] o
*(11:E(1) - AlL,2) x'xle]; - ‘ , .
write (x[1], x(2]); - o .
£0 TO'R; B ,
end; . . ) .
2. (&) x = 1.62% ¥ = 0.75000 o o ‘ .
{b) %% = 1.8636 * y = 081818 “
(¢) x=2.4706  y=-LAkL - - 0 )
(@) x = 1.5000  y = -2,5000 ] v i
(e) x = 0.65217 y = -1.2609 o ) , ,
(£) £ =0.13958 x, = -0.33977 ¢ : : : /\- ‘
(8) =" =2.1933 "X, = -0.30269 - o co

. . - /
, .

M
/ Although this program will solve our problems, we have actually. computed

much more than necessary. The next section of the text shows how to ’

-

solve equations more eff1c1en‘tly. L . -
. © . ’
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TA7-5 Simultaneous Linear Eguations':

Gau-s s Algorithm

A ]
-3

p‘/_&nswers to Exercmes AT-5 Set A : )
- . l. for§: 3 step 1 un‘tll 3 do
I a[e,J].-a[g,Jl/q 2,2}; &
M b[e]:=b[e]/a[2;2]; . .

2. for jisk +.igstép Luntil 3 do
a[k,j].—a k,J)/alk, k)5

‘biﬁl.fb[k’}}a_[h,k],_ IR

- M A

. ERIC .

, .
P - N . .

3 for i :='k + 1/step-1 until 3 do .
- . begin \ - -
. for'y :='k +"mstep 1 until 3do - y,
afi, J] ~= al1,J] - al1,k] x alk,3); /"
s - bii] -'b[1] - aliy k] x blkl; y ' /-/
J, - . A S
end . , . _
. -_— Y ot T, '_ .
TR for k:=1 step 1 until 3 do’ . -
¢ _‘rﬁeg’in . ., A
2 4 b
w4 fior Jisk 4 1 step 1 until 3 do :
: h = el g)alk ) ali k)
‘ .. blk]:=plK]/alk,kl; S
i’ . ‘ for i _k +1 steg 1 until 3 do
) ) \‘begin % . .
) for j.-k +1 step 1 until 3 3o
. - ali,3):=401,4) - ali,k) X alk, 3l
) L. ) . [£):=b{1] « ali,k] x b(k];
P N N end; ) ‘ o
end .
.(‘ . . o . ¢
¢ ’ < N g * , (
, & . ’ - "t
. .
] . ’ ,
> ’ \ ' v
a . I3 .
L}
oo % : 10k




Answer 1o Exercise A7-5 Set B

-
-

1. The EgmpIete ALGOL program for Figube,7-36 may be Qritten as follows:

begin array al1:3,3:3], bvl1:3], x[¥3];

integer i, J, k;
Ll: for i:=L stepd until 3 do

begin
for ji=1 step 1 until 3 do
read (ali,jl)y
read (b{i]);
hd .
end;
foxr k:=l s E b until-3 dp

iE .

begin . .
! fgsr=k+lml'sat£399.'
'a[k,j]:=a[k,j]ia[k,k];
blk]:=b{k]/alk,p}}* }
(for irsk.+ 1 step 1 until 3 do
-.b_egﬁl_ . N : X i ¢

for J _k_+ l btep }'unt1l 3 do

“ali, J] =afi,J] - a‘h k] xa[k 3],
h[l} =b{1] -cafi,k] xb{k],

3 _Ep_ -1 untit 1 do .
e
x[1] := p[1]; %‘
for § : 35_4032-1‘5@35_11@1&0
. >§[J] = 3] - a[i 31 x x31;
.end; Y ¥
fori t= 1 step 1 until 3 do
write (x[1]); .

.

gtoIl; ' T




2.7 .(a) x) = -10.000 (e) 1.2289 i ’
1.8824 - 0.20482 B
15.471 7 -0.83133 o

o]
[}
i

1)

o]
w
[}

i

. . (®) x, = 262719 (¢) x, = 2.8154 S
i . Xy = -0.23256 | X, = 1.7077
- S -1.8372 c %3 - -0.15385

. - N

Lo 3. (e) = o308 (d) x =v0.6631L -
. “x, = 5.9268 . ) Xy = 5.1741
X3 = 0.13861 o ’ Xy = -1{..5;221 R _
¢ ' ?
- "Ahswer to Exercise A’j-’j Set C b . . T,
o The pr;cedui’p called Gauss / .? ) : ' . -
v . ] 4
. -
Erocgd e Gauss ?\ﬁ, 8, b, x). ‘
'real array allsn,; 1:n), bl1:al, ,x[1:al; °
o integer mn; _ . A . " . o
‘." T ’b_e’gé integetr 1,"J, k; . ' . ha ' g
4 , begin P - ' _
, . for =k +1stepluntilndo L - o
o < © alk, 3] = alk,3)/alk,kl; S

/ , o oMK c= vl/ali K]y - .
s

. : for T K+ step 1 ugtil n do - N
e mﬂy’begin S fL,i S s L i »» /;‘;
.o . Lofor § o:= k+1~ gluntilmdo .
7 L ,'a[l,J = ali, 3] - abt, k] x alk, j‘) .
NI 1 £ § AT ;o[i] - ali,k] x olkl; . -
| - o
. » end‘, . D "‘
for i := n step -1 until 1 do > . . -
R -1, Dbegin . - v . . : T LTSRN
ST N - .
%, for § t= 3 step -1 umil 4 + 1 : S
) . v for §J := 3 step ~1 un + ‘}2 . )
L N x[3) :=x(3] - al1,9] x x[4]; T
. ) end; « . .. 1'3_ &, -.\,"
gnd ¢ .
end Gauss. ( ..o , "'_ . .
- l ) ) . l 3 ‘A N *
. * . ., - - - o4 : ‘l% » . . ’ » ‘.
“ € an \) P2y . .. h', ) _'x’f O . . O “’ . -
CERIC SR J10 . o -
" T T e O , ‘ Coe C
Lorw. .- R AN b o . e . )- _,‘,/‘_‘ L. . ¥ ) A




* . - .

‘ The calling program: <
’ 4 ar J Pa—

. ‘ ‘ . R i B

s _big_l_n s - . '\ [y ‘ . s, ‘»\;

: conment place Gauss heve; o - 7. Lo
. . h integer m, i§ J; ‘ no " .

resl array r[1:20, 1:20], s[1:20],. £[1:20]; oo
Ll: read (m); - T . . ' o

]

for 1 := 1 step 1 until m do - <7 : v
A R begin . . . . ‘;75 :
: § for J :=1step luntilm do y : Y e
) read (¥[i,j]); . ’ v
- . . read (r[i]); . . ) * .
o N >,
. end; . . ) .
' p—— . . A ] .
o Gauss (n.z, T, s, t); R ‘ ’ ‘ . .

- for i := 1 stepl until mdo . . '
" write (t[i]); ~ . N ,

4 ! ¢
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Answer to Exercise A7-5 Set D N

A

sl The Droce%re called Gauss revised to include partial pivo‘ting. (Changes

are shown in clouds.)

~ il

Eroced‘ _Gauss (n,a,b,x

real array a[l n,.1:n), bl1:n], x(1: n]
integer n;,
begin integez‘ i, bk 'w
fox‘k = l_sﬁluntllndo

max := abs(alk,k}); m := k-i -

for 1 := k+1_£g£luntilndo
if abs(a[1 k]) > mex then .
begin mex :=-abs ali,k]; m := i end;
if mex = Othengo toIa -
if max ;€~k then ""

- “begin o -+, ,

for § := k step 1 until n &g

T oy = aligl;
“alk,J] := alm,§];
~ alm, 3] := copys

end; .

copy := blkl;

"plk] := vlnl;

b[m] 1= copy)

_1"35_3 Z% + 1 step 1 untifindo
%k, 3¢ = alk,il/alk,k];
) ’;”“m ="b(k]/alk,Xk];
“£6% 1 := k + 1 step 1 until n do
begin .
 for j :=k +1step luntiln do ‘
alt,4] := al1,4] - al1,k] x alk,J];
ol1]":= vl1] - alt, k] xb[k], '

¢

. péntipued)

¢

Aruitoxt provided by Eic:
.




» \:: R ] \/
. . . 7 . 1 A -
/ -
»
Y
l..(éontinued) o S
- . for i:=n step -l until l«‘l?.
~ begin . ‘ . , 3. A

o0 xl1) = vl4l; .
for § :=3 step -l wtil i + 1 do . - S\

.- %) oz x03) - al1,3) x xl3); P
end; L0 N S

: . end Gauss with par'tial pivoting . ‘ ‘ o

1.1805 ' ; .(b') X, = 20.550 ' L
-0.54135 . =3.9000 T - Y
= 0.59398 ‘ %y = -0. 60000 , B
e T ‘ ' . C

A -The Tesubts without ‘pivot will vary.  You may on one hand get an enror .

2, {With pifot s - (a) [ xy
L4 v . . * . x

.
Ve
1

stop; 61' on the o‘ther get an output which is incorrect. -
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