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1
I INTRODUCTION

One of the najor advantages in using a conputer for
p r o b l e n  s o t v i n g  i s  t h a t  a  p r o c e s s  c a n  b e  e x p l a i n e d  t o  t h e
cornputer once and the conputer can repeat that process
a s  ) n a n y  t i n e s  a s  i s  n e c e s s a r y  t o  s o l v e  t h e  p r o b l e n .  I n
f a c t ,  w i t h o u t  t h i s  c o n p u t e r s  ! , o u l d  b e  o f  l i n i t e i l  u s e
a s  p r o b l e r n  s o l v i n g  m a € h i n e s  b e c a u s e  i t  g e n e r a l l y  t a k e s
longer to explain a process to the conputer than to
carry i t  out by hand. Repeated execut ion of a single
set of instruct ions on a sonputer is of ten ca11ed
i t e ? a t i . a n .  T h e  t e r m  t t i t e r a t i o n "  a l s o  r e f e r s  t o  a n y
execut ioD of a process that is carr ied out nore than
t h e  s e n s e  i n  r h i c h  t h e  t e r n  i s  u s e d  s h o u l d  b e  c l e a r
t h e  c o n t e x t .

The nodule descr ibes {ays in uhich you can use
puter i terat ion effect ively in problenL solving and,
addit ion, vrays in l ,hich you can use t \ , ro other forns
i t e r a t i o n  i n  c o n s t t u c t i n g  t h e  a l g o r i t h n .  T h e  s e c o D d
o f  i t e r a t i o n  i n v o l v e s  r e p e a t e d  t r a c i n g  t h r o u g h  o f  t h e
problen solying steps, inproving your algor i thn oi th each
i t e r a t i o n .  W e  c a l l  t h i s  p r o c e s s  i t e ? a t i t e  i n p r a l ) e n e n t  i n
aLgori thn design. Each inprovenent of the algori thrn night
add features to the previous verslon.

The third forn of i terat ion in problen sotving is
found in aD approach to algor i thn design cel ted t le
top-dolnn app!,aach. This approach for carr ing out step 4
o f  t h e  p r o b l e n  s o l v i n g  p r o c e s s  ( s e e  U n i t  4 7 7 )  n i g h t  b e s t
be cal. led i . te?at ire ! ,ef lnenent.  I t  di f fers fron i terat ive
inprovetnent in that the algori thn is Dot changed at eech
i t e r a t i o n ,  b u t  r a t h e r ,  n o r e  d e t a i l  i s  p r o v i d e d .

2. A MORTGAGE PROBLEM

s i n g l  e

fron

c o n -

i n

o f

form

In order to
s h a 1 1  s o t v e  t h e

i l l u s t l a t e  t h e  i t e r a t i o n  t e c h n i q u e ,  w e
fol lowing problen: given an arnount of

- 1 -



borro{eal pr incipal,  a } 'ear1y i l terest ratb, anal a nonth-

1y palnent,  deternine the new pr inci la1 after one nonth-

1y laynrent has bee]I rnade and teterilire th€ interest for

one rnonth.

T h e  i n p u t  f o r  t h i s  a l g o r i t h n  c o n s i s t s  o f  t h e

principal at  the beginl l i l lg of  the nonth, the yearly

interest rate exPressed as a decitnal  r  ani l  the smou,t  of

the payment,  The outPut wi l l  consist  of  al l  La1ues input

plus the part  of  the paynert  x ihich l l l i11 be useal to pay

interest,  the part  of  the peynent which ui l l  be used to

pay off  the pr inciPsl,  anal the nee pr incipal bslance at

the end of the nonth'

Algori thn 1. Mortgege Peynent _ veasiol l  1 '

ver iab les

Nano Desc t i p t i on

The principal balance et the

beginning of the nonth.

The yeerly rate of interest

expr€ssed as 4 decinal.

The ernount of the paynent.

The part of the palnent which
goes  towa ld  i n te res t .
The part of the payment {hich
goes toward the Principal.
The new ptincipal balance at the

eflal bf the nonth.

rate

pay
in te tes t

pritlpaY

new

- 2 -



p r 1 n ,  r a t e ,  p a y

p r i n p a y + p a y  -  i n t e r e s t

l n t e t e s t  r  p r i n p a y

T h e  i n t e r e s t  i s  c e l c u l a t e d  b y  n u l t i p l y i n g  t h e  p r i n _
c i p i . e ,  p r i n ,  t i n e s  t h e  i n t e r e s t  r a t e  d i v i d e d  b y  1 2  b e _
c a u s e  t h e  g i y e n  r a t e  i s  f o !  a  y e a r  a n d  t h e  p e r i o d  u s e d
is a nonth, The value of pr inpay is the arnount lef t
f r o r n  t h e  p a f m e n t  p a y  a f t e r  t h e  i n t e r e s t  i s  p a i d .  F i n a l l y ,
n e t l |  i s  t h e  p r i n c i p a l  b a l a n c e  a f t e r  p r i n p a y  i s  p a i d .

l . Choose

through

sarnPle valu€s for

atgorithrn 4 as a

prin, Iate, and pay, and follow

- 3 -
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Nsne

stbal

deptot

flnbsl

2. Follor the steps in the f1o$chart tariguage algolitlln berort
for sone sanple input values, The algorithro is one to balance

a checkbook.

Algg4llgi Bararcins a checkbook

Variables

Description

Ealsnce at the beginnldg of the noath.

Total ahount of atrl chgcks ,lrritten.

Total -a,no|fit of all deposits [ade during

Balence at the ond of, the oonth.

stbal , chktot , d6ptot

f inbel+stbel-chktot+d.ptot

stbal,chktot,
deptot, f inbal,



A l t h o L g h  o u r  n o r t g a g F  p a y m F n t  a l g o r i t h n  I  k i l l

I u n c t i o n  p r o p e r l y  r r  f r i e r d l y  v a l u e s  a r e  i n p u t .  i t  t r i 1 l

n o t  r e s p o n d  i n  a  s u i t a b l e  w a y  t o  b a d  i n p u t .  F o r  e x a n p l e ,

c o n s i d e r  t h e  c a s e  i n  w h i c h  t h e  p a y n e n t  i s  t o o  s n a l l  t o

c o v e r  t h e  i n t e r e s t  f o r  i h e  n o n t h .  S u p p o s e  p r i n  =  2 0 0 0 0 . ,

, a t e  =  . 0 9 .  r n d  p a v  -  . 0 0 .  - f  y o u  f o l  l o \ .  t | r o u g h  t h e

s t e p s  o f  t h e  a l g o r i t h n  w i t h  t h e s e  v a l u e s  a s  i n p t t t  y o ' r  g e t

i n t e r e s  t  =  1 5  0 .

P r i n P a Y  =  ' 5 0 '

n e w  =  2 0 0 5 0 .

0 n  t h e  o t h e r  h a n d ,  t h e  p a y n e n t  n a y  a l s o  b e  t o o  l a r g e

I n  t h l s  c a s e ,  t h e  p a y n e n t  c o v e r s  t h e  i n t e r e s t  a n d  t h e
_ r  _ h e r e  i s  s t i l 1  s o n e  e x t r a  l e f t .

T h i s  i s  t y p i c a l  o f  t h e  f i n a l  p a y n e n t  i n  a  p a y - b a c k

s c h e d u l e .  F o r  e x a n p l e ,  s u p p o s e  p r i n  =  6 0 .  '  r a t e  =  . 0 9 '

.  a n d  p a y  =  1 0 0 .  T h e n ,  t h e  c a l c u l a l i o n s  \ r o u l d  b e

i n t e r e s t  -  0 . 4  5 .

p r i n p a y  =  9 9 . 5 5 .
=  - 3 9 . 5 5 .

W e  s h a 1 l  u s e  i t e r a t i v e  i r n p r o v e r n e n t  t o  c o r r e c t  t h e s e

t w o  r n i n o r  f l a w s  i n  o u r  o r i g i n a l  a l g o r i t h n .  I f  t h e  p a y _

n e n t  i s  t o o  s n a l 1 ,  v e  i n f o r n  t h e  u s e r  a n d  t e r n i n a t e  t h e

p r o g r a n ;  i f  i t  i s  l o o  l a r g e ,  l e e  p a y  o f f  t h e  l o a n  a n d

n o t i f y  t h e  u s e r  t h a t  h e  o r  s h e  i s  e n t i t l e d  t o  a  r e f u n d ,

T h e s e  n o d i f i c a t i o n s  t o  A l g o r i t h i n  1  a r e  i n d i c a t e d  i n

A l g o r i t h n  2 .  T h e  d e c i s l o n  b o x  i n c t u d e d  i n n e d i a t e l y  a f t e r

t h e  i n p u t  b o x  t e s t s  f o r  a  p a y n e n t  t o o  s m a 1 1  t o  c o v e r  t h e

i n t e r e s t .  l | l h e n  t h i s  i s  t h e  c a s e ,  r , v e  p r o v i d e  a  m e s s a g e  t o

t h e  u s e r  a n d  t h e n  i i n n e d i a t e t y  h a l t  t h e  a l g o r i t h n  T h i s

a c t l o n  r e p r e s e n t s  a  p o l i c y  o f  d i s a l l o w i n g  p a y n e n t s  l r h i c h

a r e  i n a d e q u a t e  t o  p a y  t h e  i n t e r e s t .

3. ITERAT IVE II{PROVEI{ENT

5 ,



A f t e r  t h e  i n t e r e s t  p a ) , n e r t  i s  c a l c u l a t e d ,  w e  a d d

another decision box whicb tests for paynent gr:eater than

t h e  p r i n c i p a l .  I n  t h i s  c a s e ,  l { . e  c a l c u l a t e  t h e  n e l r  p r i n -

cipat and anount paid on pr incipal in a di f ferent way and

a d j u s t  p r i n p a y  t o  e x a c t l y  p a y  l h e  r e n a i n i n g  p r i n c i p a l .

l , l l e  a l s o  i n c l u d e  a  n e s s a g e  k h i c h  n o t i f i e s  t h e  u s e r  t h a t

h e  o r  s h e  w i l l  r e c e i v e  a  r e f u n d .

A l g o r i l h n  2 .  M o r t g a g e  p a y r n e n t  -  V e r s i o n  2 -

V a r i a b  1 e s

Nane
p r l n

Pay
i n t e r e s t

pr inpaY

overpay
f inal  paynent

L

D e s c r i p t i o n

T h e  p r i n c i p a l  b a l a n c e  a t  t h e

b e g i n n i n g  o f  t h e  r [ o n t h .

T h e  y e a r l y  r a t e  o f  i n t e r e s t

e x p r e s s e d  a s  a  d e c i n a l .

The anount of the paynent.

The part  of  the paynent which

goes tolvard interest.

The part  of  the paynent which

goes tolrard the PrinciPAl
The nel, l  pr incipal balance

e n d  o f  t h e  n o n t h .

The arnount of overpaynent

at the

f o r  t h e



e y < p r i n  x  r a t e l 1 2

"Payrl ]ent does

p a l m e n t r ri n t e r e s t - p r i n  x  r a t e / 1 2

3 y >  i n t e  r e s  t + p r  i n  ?

p r l n p a y + p r l n
overpay+pay - pr lnpay

, l n t e r e s
p a y + p a y  o v e r p a y

p r i n p a y + p a y -  i n r e r e s t

r r Y o u  a r e  e n t i t t e d
t o  a  r e f u n d  o f " ,
o v e r p a y

new.pri  n- pr inpay

p l i  n ,  r a t e ,  p a y ,  i n t e r e s t
p r l n p a y ,  n e \ t

- 7 -



3.  Fol rov through

Test I

Test  2

Test 3

Algodthn 2 for the

20000.

20000.

200.

4 .  I T E R A T I O N

The next step in the inprovenen! of
a l g o r i t h n  w i l l  b e  t o  g e n e r a t e  a  s c h e d u l e

repeatedly execut ing the algori thr gi ] /en

a s s i s t  u s  i n  d o i n g  t h i s ,  r , r e  u s e  t h e  t h r e e
t i o n  t h a t  w e r e  i n t r o d u c e d  i n  S e c t i o n  1 .

W e  s h a l l  d i s c u s s  t w o  f o r n s  o f  i t e r a t i o n  h e r e ,  a n d
a  t h i r d  f o r n  i n  t h e  n e x t  s e c t i o n .  T h e  f i r s t  f o r n L  w i l l  b e

c a 1 1 e d  t h e  u n t i l  i t e t , a t i a n .  T h e  i t e r a t i o n  b o x  w h i c h  w e

u s e  t o  d e s c r i b e  t h i s  c o n s t r u c t i o n  i s  i n d i c a t e d  i n  t h e
f o l  l o w i n g  d i a g r a n .

U n t i l
i t e r a t i o n

T h e  b o d y  o f  t h e  i t e r a t i o n  i s  a c t u a l l y  a  s u b a l g o r i t h n

w h i c h  i s  t o  b e  r e p e a t e d  u n t i l  t h e  t e r n i n a t i o n  t e s t  i s

s a t i s f i e d .  T h e  b o d y  o f  t h e  i t e r a t i o n  i s  s h o w n  a s  a  c l o u d

t o  i n d i c a t e  t h a t  t h i s  n i g h t  b e  o n e  o r  t w o  b o x e s  o r  a  m o r e

i n v o l v e d  s e t  o f  f l o w c h a r t  s t a t e n e n t s ,  I n  t h e  l a t t e r  c a s e ,
w e  w i l l  f i n d  i t  h e l p f u l  t o  g i v e  t h e  b o d y  a  f l o l , c h a r t  o f

i t s  o w n  a n d  i n c l u d e  o n l y  i t s  n a n e  t o  t h e  r i g h t  o f  t h e

i t e r a t i o n  b o x .  f h e  p r o c e d u r e  f o r  d o i n g  t h a t  w i l l  b e

8 -

following

. 7 2

. 1 2

. 1 2

pav
250.
1 5 0 .

4 0 0 .

our  no r tgage
of payments by
above ,  To
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e rn ina t  i on  Tes t



discussed 1ater.  The dashei l  l ine frorn the body back to
the terninat ion test indicates that this is an autonat ic
branch in the atgori thr and not one that neeals to be
expl ic i t ly def ined. l fe can consider the i lashed t ine to
be e part  of  the i terat ion box.

The second forn of the i teTat ioD box is t}re hi le
i t e ! , a t i o n .  T h i s  f o r n  a c c o r n p l i s h e s  e x a c t l y  t h e  s a n e  a c t i o n
as the unt i l  i ter iat ion but does i t  in a 1ogical ly opposite
vay. I ts generel  forn is shown in the next diaqlan.

h i l e
I  terat ion

l - - - -  -  - - - '  - - -  -  - : - - - - - r
I

i
- - J

The test is now ca11ed a continuation test because
the iteration is continued as long as the test is
sa t i s f i od ,  The  con t i nug t i on  tes t  i s  e lDays  l og i ca l . l y
opposite to the ternination test; the trdo foans eae
introaluced because sone conputer lalguages natural ly per-
forn the unti l  i terations while others are designed for
r yh i  1e  i t e re t i ons .

As an exanplo of the use of the i terations, colsider
the algorithrn for f inding the greatest cotnnon dlvisot.
I le heve two ways of expressing this algorithn using the
. i t e ia r i on  boxes  j us t  i n t roduced-

Algorithn 9. Given Uro nunbets, N and lt l ,  f lnd their
gteatest comlon i l ivisor using an iteration statonent.

Nalre
Yariables

n . c . ' ;  n r  i  ^ n

The two nunbers
algorithn.
A counte! uhich
greates! connon

N, trf

K

input to the

i s  t e s t e d  f o r  t h e

t l iv isor,

- 9 -
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a .  U s  i n g  u n t i l  i t e r : a t i o n

b .  U s  i n g  w h i l e  i t c r a t l o n

START

K . m i n  ( N ,  M )

o e s  K  d i v i d e
b o t h  N  a n d  M ?

( " n i n  ( N , M )

D o e s  (  n o t
d i v i d e  N  o r  n o t

d i v i d e  M ?

N , M ,  (



1
+
I

A l g o r i t h n s  3 a  a n d  3 b  a r e  t o g i c a l l y  e q u i v a l e n t  i n
t h a t  t h e y  a c c o m p l i s h  t h e  s a n e  t a s k .  N o t e  t h a t  t h e
c o n d i t i o n  i n  t h e  i t e r a t i o n  b o x  o f  A l g o r i t h n  3 b  i s  t h e
l o g i c a l  n e g a t i o n  o f  t h e  o n e  i n  t h e  i t e r a l i o n  b o x  o f
Algori thn 3a. That is,  you terninate precisely 1, 'hen you
d o  n o t  c o n t i n u e .

l le novr use these i terat ion boxes to nake a f inal
i terat ive inptovenent to our nortgage algori thn. l /e
shal1 now have the algori thn cont inue to nake nonthty
payrnents unt i l .  the nortgage is paid off .  This algor i thn
is given in our f lowchart  language in Algori thn 4.

Algori thn 4. Genetate the nonthly paynents necessary to
pay off  a nortgage l l l i th ini t ia l  pr incipal pyin, yeat ly
lnteres! fate late, and rnonthly paynent pdy.

V e r i a b l e s

Desc r ip t  i on

Principel anount,
Year l y  ra te  o f  i n te res t  ex -
p ressed  as  a  dec ina l .
Anount of the monthly paynent.
Part of the nonthly peynent
nh i ch  goos  towaLd  in te res t .
P6rt of the nonthly peyrnent
lrhich goes to ari l  principal.
New principal after a peynent
has been made.

Nane

tate

pey

in te res t

prinpey

newPrin

-  1 1 -



p r i n ,  r a t e  ,  p a y

n t e r e s t > p a y "paynent does not
c o v e r  i n t e r e s t ' t

n c w p r  i n + p r i n - p r  i n p a yp r i n p a y . p r i n ?

P r  l n ,  r a t  e , p a y ,  i n t e r e s  t  ,
p r  i n p a y ,  n e w p r i nn e w p r i n + 0

p r i n p a y + p r i n
p a y + i n t e r e s  t + p r  i n

Prin+newprin
i n t e r e s  t + p r i n  x  r a t e / 7 2
P l i n p a y + p a y  -  i n t e r e s t

p r i n , r a t e , p a y
1 n ! e r e s r , p r l n p a y r -  -  -  -  -  -  -  -  _ _ _ _- l



M u c h  o f  t h i s  a t g o r i t h n  l o o k s  f a r r i t i a r  f r o n
Algori thn 2. Aftet  the results for one nonth are pr inleal
i n  a n  i t e r a t i o n r  t h a t  n o n t h , s .  n e w  p r r n c i p a t  i s  t h e n  s e t
! o  b e  t h e  n e x t  n o n t h ' s  b e g i n n i n g  p r i n c i p a l .  T h e  i r e r a _
t i o n  f i n a l l y  t e r n i n a t e s  w h e n  t h e  a n o u n t  p a i d  o n  t h e
p r i n c i p a l  e x c e e d s  t h e  p r i n c i p a l  b a l a n c e .  U n t i k e
Algori thn 2, we nol l l  cal l  th is a val iat  par l lent anal nake
i t  t h e  r i g h t  a n o u n t  t o  p a y  o f f  t h e  d e b t  e x a c t l y .

5 .  V A R  I A B L E . c O N T R o L L [ D  I  T E M T T o A

I n  t h e  l a s t  s e c t i o n  r 1 r e  l e a r n e d  a b o u t  f o m s  o f
r t e r a t l o n  w h i c h  r e p e a t e d  a  s u b a l g o r i t f u n  u n t i l  t e r m i n a -
t ion conal i t ions l /ere rnet or cont inuat ion coni l i t ions were
not.  Nou lre introduce a sl ight ly di f ferent forn of
i t e r a t i o n .  T h i s  i s  i t e r a t i o n  c o n t r o l l e i l  b y  a  v a r i a b t e .
T h e  g e n e r e l  f o r r n  o f  s u c h  a n  i t e r a t r o n  i s

a

S u c c e s s

I t

s p e c i a l

S e c t i o n .

P r e v i  o u s

should

c a s e  o f
T h i s

be noted that

the forn we
iterat ion can

i n d i c a t e d  i n

t h i s  f o r n  o f
s tudied in the
b e  s t a l e d  i n
the fol lowing

i t e r a t i o n  i s  a
p r e c e d i n g

t e r n s  o f  t h e

diagrarn.

-  1 3 ,

I n i t i a l i z e
control
v a r i a b l e

T e s t  c o n t T o l  v a r i a b l e
ror a tef i l inat ion

c o n d i t i  o n

M o d i f y
c o n t r o l
v a  r  i a b  1 e



I t  i s  i n i t l a t i z e d  t o  2  t o  i n d i c a r e  t h a t  t h e  s e c o n i l
v a l u e  i s  r e a d  d u r i n g  t h e  e x e c u t i o n  o f  t h e  b o i l y .  I t
i n c r e n e n t e d  b y  I  e a c h  t i m e ,  a n d  w h e n  t h e  i n c r e n r e n t
c o u n t  l a r g e r  t h a n  N ,  t h c n  N  v a l u e s  h a v e  b e e n  r e a d ,
t h e  i t e r a t i o n  i s  t e r n i n a t e d .

l 4

I n i t i a l i z e

T e s t  c o n t r o l
v a r i  a b l e  f o r  t e r n i n a t i o n

c o n d i t i o n f a  i  l u r e

M o d i f y  c o n t r o l

v a r  i a b l e

- _ _ - - - 1

T h e  r e a s o n  w e  g i v e  t h e  v a r i a b l e  c o n t r o l l e d  i t e r a t i o n
l t s  o w n  f o r m  i s  t h a t  i t  i s  c o n n o n l y  u s e d  a n d  i s  d i r e c t t y
l m p l e m e n t e d  i n  n o s t  p r o g r a n n i n g  l a n g u a g e s .

T h e  v a r i a b l e  k h i c h  c o n t r o l s  t h e  i t e r a t i o n  i s  s e t  t o
s o n e  i n i t i a l  v a l u e  a t  t h e  b e g i n n i n g  o f  t h e  i t c r a t i o n .  I t
i s  t h e n  n o d i f i e d  a f t e r  e a c h  e x e c u t i o n  o f  t h e  b o . l y  a n d  t h e
r t e r a t i o n  i s  t e r n i n a t e d  w h e n  t h e  c o n t r o l  v a r i a b l e  s a t i s ,
f i e s  s o n e  t e r n . i n a t i o n  c o n d i t i o n .  I n  o r d e r  t o  c o n t r o l  t h e
i t e r a t i o n  p r o p e r l y ,  t h e  c o n t r o t  v a r i a b t e  s h o u l c l  n o t  b e
c h a n g e d  i n  t h e  b o d y .  t , h i s  I o r m  o f  i t e r a t i o n  i s  p a r t i c u _
l a r 1 y  u s e f u l  h e n  a  p r o c e s s  m u s t  b e  r e p e a t e d  a  f i x e d
n u m b e r  o f  t i m e s .  I n  t h i s  c a s e  t h e  c o n t r o l  y a r i a b l e  i s
u s e d  a s  a  c o u n t e r  w h i c h  i n  s o n e  w a y  k e e p s  t r a c k  o f  t h e
n u m b e r  o f  t i n e s  t h e  b o d y  h a s  b e e n  e x e c u t e d .

A l g o r i t h n  5  p r o v i d e s  a n  e x a n p l e  o f  v a r i a b t e _ c o n t r o t t e d
i t c r a t i o n .  I n  t h i s  c a s e ,  ! h e  v a r i a b l e  c o u n t  l s  u s e d  t o
c o u n t  t h e  n u r r b e r  o f  d a t a  v a l u e s  l , h i c h  h a v e  b e e n  r e a c l  i n .

m a k e  s

B o d y



A n o t h e r  n e v  b o x  h a s  b e e n  i n t r o d u c e d  i n  t h i s  a l g o r i t h r n .
T h i s . i s  t h e  t r i a n g u l a r  s h a p e d  p r o c e c t u r e  b o x .  T h e  n a n ei n s i d e  s u c h  a  b o x  i s  t h e  n a r d e  o f  a  p r o c e d u r e  w h i c h  i s  t o  b ee x e c u t e d  a t  t h a t  p o i n t ,  T h i s  t y p e  o f  b o x  i s  u s e d  t o  a v o i dc o n p l i c a t e d  c o D s t r u c t i o n s  i n  t h e  b o d y  o f  a n  i t e r a t i o n .

The f lowchart  for the procei lure is then founal elsewh6re.
A  p r o c e d u r e  i s  a c t u a l l y  a  s u b a l g o r i t h n .  I n s t e a d  o f  U e g i n n i n ga n d  e n d i n g  r , l i t h  S T A R T  a n a l  S T O I  b o x e s ,  i t ,  t " r r i n " t i o . ; ; * ; ;  "
are ENTER and EXIT. The ENTER box of a procealure has ap e n n a n t  a t l a c h e d  t o  i t  w h i c h  g i v e s  r n e  n a n e  b y  r h i c h  i t  i sc a l l e d  i n t o  a c t i o n .  l i h e n  u / e  a r r i v e  a t  t h e  E X I T  b o x  o f  t h ep r o c e d u r e ,  r e  a u t o n a ! i c a I l y  c e a s e  e x e c u t i o n  o f  t h e  p r o c e d u r e

Also r i t t un  S . t h e  l a r g e s t  o f  N  v a l u e s

- 1 5 -

f i r s t

b i g + f i r s t

count+2
count +1

c o u n !  > N  ?

T e s t  - n

t > b i g ? big+1sx1
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a n d  b e g i n  e x e c u t i o n  i n
p r o c e d u r e  a t  t h e  n e x t

W e  w i l l  u s e  s u c h  a

l o o p  w h e n  t h e  b o d y  i s
P r o c e d u r e  b o x  a s  t h e  b o d y  o f  a

l o n g e r  t h a n  o n e  o r  t w o  b o x e s .

t h e  a l g o r i t h n  w h i c h

s e q u e n t i a l  b o x  a f t e r

1 6

c a 1 1 e d  t h e

W e  n o w  c o n s  i d e r  a n o t h e r

3 0  s t u d e n t s  i n  a  c l a s s  a n d
n u m b e r  a n d  1 0  q u l z  s c o r e s .
t h e  s u m  o f  t h e  q u i z  s c o r e s
a  I  g o r i t h n  f o r  s o l v i n g  t h i s
A I g o  r i t h n  6 .

e x a n p l e .  s u p p o s e  t h e r e  a r e
e a c h  s t u d e n t  h a s  a  s t u d e n t

T h e  a r g o r i t h m  i s  t o  d e t e r n i n e
f o r  e a c h  s t L r d e n t .  T h e
p r o b  1 e m  i s  p r e s e n t e d  a s

H e r e  v , e  h a v e  a n  i t e r a t i o n  v , i t h i n  a n  i t e r a t i o n .  T h i s
i s  a  c o n s t r u c t i o n  t h a t  o c c u r s  f r e q u e n t l y  i n  a l g o r i t h m s .
A l s o  n o t e ,  i n  t h e  F i n d - s u m  p r o c e d u r e ,  t h a t  s r n  n e e d s  t o
b e  i n i t i a l i z e d  t o  z - . r o  b e f o r e  a  s u n  i s  a c c u n u l a t e d .  I f
t h i s  i s  n o t  d o n e ,  a  c u m u l a t i v e  s u n  o f  a l l  s t r . r d e n t s ,  s c o r e s
d i l l  b e  c o n p u t e d .  I n  I a c t ,  t l . e r e  i s  n o  ! u a r a r r e e  t h a t
s u r n  i s  z e r o  a t  t h e  v e r y  b e g i n n i n g  o f  e x e c u t i o n .

A t g o r i t h n  6 ,  F i n d  t h e  s u m  o f  l 0  q u i z  s c o r e s  f o r  e a c h  o f
3 0  s t u d e n t s .

V a r i  a b  I e  s

u9ll9
s t c n t T h e  c o u n t e r  f o r  s t J d e n t s  u h i c h  g o c s

T h e  s t u d e n t  n u m b e r  r , . a d  f o r  e a c h

s t r . r d e n t .
T i e  c , , n  ^ {  a r . h  s + ' , , l a n r  t  <  ^ , ,  i  ?

T h c  c o u n t e r  f o -  q u i z z e s  w h i c h  g o e s

T h e  q u i z  s c o r e  r e a d  f o r  e a c h  q u i z

a n d  s t u d e n t .



stcnt+1
s t c n t  + 1

s t c n t > 3 0 ?

stnunber

q c n t + 1 qcnt+
q c n t  + l

q c n t >  1 0 ?

s!nuDber, sun

surn-suf i+qscoTe

- 1 7 -



!e19
N

b i g l

bi92

I

START

STOP

Modify algorlthn 6 to input the nunber of students and the

nunber of quiz scores for each student

5. The follouing boxes arc usod in a flo{chart languge algorithn

for finding the tso largest nunbers in a set of N nunbers,

Place t le  boxes in  the proper arangenent .

Var iabl  es

Descr ipt ion

The nunber of  va lDes in the set .

The b iggest  va lue read so far .

The next- to-b iggest  va lue read so far .

A counter used to count the nuinber of

.h<#>*---t'- -'\"-

GF .,i:-'t
bi  C2+Value

b i  g2-b igt

b igr+Value

a l u e > b i g l ?



Var iabres

!e!g
N

I

Sun

form an atgor i thn which f inds at l
a r c  e x r c t l y  d i v i s i b t e  b y  K .

Dcsc! ip t ion

Tl te loucr  l ih i t  o l  the
' Ihe up!er  l imi t  o f  the
' Ihe vaiuc whote numbcrs

A count . r  used to test
goes r ron l l  to  N_

r.ngc of  in tegers.

ranec of  in tegcls .

are to be Pr intcd.
for  ansuers which

1 9

6.  The fo l lowing tJoxes can be used to consr tuct  an argor i thn for
conput lng the ncan of  a set  o l  N n lnbers.  Arrange then in the
proler  order .

l ; " 1

I value I

t * * l

7 .

STAIIT

STOP

Arrange the for louing boxes to
integers betaeen M and N lh ich

Va! iabtes

!!I9

(

I

Descr ipt ion

The nunber of  va lues in  the set ,

The mean of  the vatues.

A counter  used to count  the nunbcr  of  va iues

The su of  the values read_

I - I + 1



START

v

STOP

' I 'OP.DOWN APPROACH

T h e  t o p - d o w n  a p p r o a c b  f o r  d e s i g n i n g  a l g o r i t h m s  i s  a
t e c h n i q u e  t h a t  a t l o w s  t h e  d e s i g n e r  t o  h a n d l e  a  c o n p l i c a t e d
a l g o r i t h n  i n  a  s i n p l e  w a y .  T h e  b a s i c  a p p r o a c h  i s  t o
d e s i g n  t h e  a l g o r i t h n  u s i n g  p o { e r f u l  b o x e s ,  t h e n  b r e a k i n g
t h o s e  b o x e s  d o w n  i n t o  f l o w c h a r t s  l , l i t h  l e s s  p o r , \ ' e r f u l  b o x e s
a n d  c o n t i n u i n g  t h a t  p r o c e s s  u n t i l  y o u  a r e  a t  a  l e v e t  s u i t -
a b l e  f o r  i n r p l e n e n t a t i o n  o n  a  c o ) n p u t e r ,

I n  o r d e r  t o  i l l u s t r a t e  t h i s  t e c h n i q u e ,  w e  l o o k  a t  a n
a l g o r i t h m  f o r  a r r a n g i n g  N  n u r n b e r s  i n  n a t u r a l  o r d e r .

A l g o r i t h m _ 7 .  R e a d  N  n u n b e r s  a n d  p r i n t  t h e n  i n  n o n -
d e  s c e n d  i n g  o r d e r .

I  M,N,K j

r;-l

V a r i a b l  e  s

Desc r ip ! i on

The  nunber  o f  va lues
An  a r ray  o f  N  va lues

N i n  t h e

2 A -

I+ I+1

div is ib le



N , A ( 1 ) , . , . , A i N )

P u t  t h e  n u n b e r s  A ( l ) , . . . , A ( N )
j n  n o n  - d e s c e n d i n g  o r d e r

A ( 1 1  , .  .  .  , A ( N l

T h i s  i s  o b v i o u s l y  n o t  t h e  f i n a l  s o l u t i o n  t o  o u r  p r o b l e n

s i n c e  w e  s t l l l  h a v e  n o t  d e s c r i b e d  t h e  p r o c e s s  i n  e n o u g h

d e t a i l  f o r  t h e  c o n p u t e r  ! o  f o l l o w .  T h e  n e x t  s t e p  i s  t o

b r e a k  t h e  m i d d l e  b o x  i t s e l f  d o w n  i n t o  a n  a l g o r i t h n .

T h i s  i s  t h e  b e g i n n i n g  o f  i t e r a t i v e  r e f i n e m e n t .

A l g o r i t h n  8 .  P u t  t h e  n u m b e r s  A ( 1 ) , . . . , A ( N )  i n t o  n o n -

d e s c e n d  i n  g  o r d e r .

Var i  abl  es

N a m e D e s c r i p t  i o n

T h e  n u n b e r  o f  v a l u e s  i n  t h e  s e t .

A n  a r r a y  o f  N  v a l u e s  t o  b e

A  c o u n t e r  u h i c h  g o e s  F r o n  N  L o  z .

T h e  i n d e x  o f  t h e  l a r g e s t  v a l u e

f r o r n  A ( 1 )  t 0  A ( k ) .

k

2r-



T h i s  p r o c e d u r e ,  f o r  k = N  d o h n  t o  k = 2 ,  i s  t o  f i n d  t h c
l a r g e s r  o f  t h e  f i r s t  k  v a t u e s  a n d  p t a c e  i t  a t  t h e  k t h
p o s i t i o n .  T h c  f i r s t  t i n c ,  w i t h  k = N ,  w e  f i n d  t h e  l a r g c s r
i n  t h e  e n t i r c  s e t  a n d  p u t  i t  a t  t h e  b o t t o n .  T h c  n e x t  p a s s
t h r o u g h  t h e  i t c r a t i o n ,  w i t h  k = N - 1 ,  w e  i g n o r c  A ( N l  s i n c e
i t  i s  a l r e a d y  c o r : r - a c t ,  a n d  p l a c e  t h e  t a r g e s t  o f  t h e  f i  r s t
N - 1  v a l u e s  i n  t h e  ( N - 1 ) s t  p o s i t i o n .  l v e  c o n t i n u c  t h e
p r o c e s s  u n t i t  a l l  a r c  i n  o r d e r .

N e x t  $ e  b r c a k  d o w n  t h e  b o x  , , f i n d  t h e  t a r g e s t

Al .g -9g t_ ! ! -9 .  F ind  thc  l a rg€s r  o r  A ( r ) ,
i t  A (  a x ) .

, A ( k ) ,  c a l l

V a r i a b l e s

I3,T!

k

l a r g e
j

qqs-!lupli_gll
A n  a r r a y  o f  v a l u e s _
T h c  - u n h e .  o l  v r l J e s  i n  r h e  i c L
T h c  i n d e x  o f  t h c  l a r g e s t  v a l L r e  f r o m
A f l )  t o  A ( k )

T h c  v a l u e  o t  A ( n a x  ) .
A  J o u n r e  r  h h  i . I  p o c s  r o r  1  r o  k  .

22



L N T T R

A I i ] > 1 a r g e - r l a r s e - A ( j

S']'ART

F i n a l l L  h . .  c x p a n d  t h e  , , L x c h a r r g e . . _ "  b o x  t r o m  A l g o r i t h , r
' t h i s  

r e q u i r c s  t h r c e  ( l a t j  n o v c n e n t s  a n d  o n e  t c n r p o r a r y
l o c a t r o n .  I t  i s  g i v e n  b y  t h c  t o l t o r i n g  a t s o r i t h  .

r \ \ o f i t l r m  1 0 .  L i x c h a n s c  A ( m a x l  a n d  A { k ) .

V a r i a b l o s

!ci9]_i!.!r 9!

A r  a  r r a y  o J  \ , i l u e s .
' l h c  i n ( l c x c s  o t  t h e  t u o  v a l u c s  t o

1l!u!9

1 1 .

h a v e ,  i n  A l  g o r  i  t h n s  7 - 1
t o  c o m p l e t e  t h c  t a s k  o f

c o m b i n e  t h e s e  i n t o  o n e

0 ,  a I l  o f  t l l e  s t e p s
p l a c i n g  t h e  n L r  r b e r s  i n
f l  o H c h a r t  f o r  A l ! o r i t h n

S'IART

t c m p .  A ( l  )
^ ( k ) - ^ ( n r . x )

- 2 3 -



p r  i n t  t h e n  i n

START

N , A ( i )  , . .  .  , A  ( N )

O r d e r

A ( 1 1 , . . . , A

C o m p l e t e  A l g o r i t h n  t o  r e a d  N  n u i n b e r s  a n d

ENT!R

I  inJ -  exch.r n ee t l j

l  a r g e + A ( m a x )

t  enp+A ( k)
A  (  k )  . A ( m a x l
A  { m a x  )  + t e m p

ENl'ER

( j  )  > l a r i l e l a r g e 4 A ( j  )

- 24-



Algori thn 11 was designed by the top-down approach.
This neans that l , /e slart  with the highest 1eve1 tasks and
proceed to break then doh.n into nore and rnore detai led
s u b t a s k s  u n t i l  f i n a l l y  w e  h a v e  a n  a l g o r i t h n  w h i c h  i s
d e t a i l e d  e n o u g h  ! o  p r o v i d e  c o n p t e t e  i n s t r u c t i o n s  t o
c o r n p u t e r s .  I n  t h i s  w a y  w e  h a v e  b r o k e n  t h e  o r i g i n a l
p r o b l e n  d o h a r  i n t o  t h r e e  s i n p l e r  p r o b l e m s .

I n  g e n e r a l J  t o p - d o l { n  d e s i g n  i s  a n  a p p r o a c h  w h e r e b y
a  d i f f i c u l t  p r o b l e n  i s  b r o k e n  d o l ' n  i n t o  s e v e r a l  s i n p l e r
p r o b l e n s .  E a c h  o f  t h e s e  s i n p l e r  p r o b l e n s  n a y  a t s o  b e
b r o k e n  d o u n  i n t o  s e v e r a l  s i n p l e r  o n e s ,  a n d  s o  o n  u n t i l
a I I  o f  t h e  p r o b l e n s  t o  b e  s o t v e d  a r e  w i t h i n  t h e  g r a s p  o f
t h e  p r o b l e m  s o l v e r -  T h i s  i t e r a t i v e  r e f i n e n e n t  i s  a
v e r y  l n p o r t a n t  s t r a t e g y  l n  c o n p u t e r  p r o b l e n  s o l v i n g .

Uslng tho set of numbers
as a conputer would.

5 , 3 , 9 , 6 , 2 , 7  f o l l o h J  t h l o u g h  A l g o r i t h m  1 l8 .

7 ,  SOLUTIONS TO EXERCISES

r e s u l t  i s  p r i n  =  2 0 0 0 0 .
r a t e  = . 1 2

pay  =  250 .
'  i n te res t  =  200 .

p r i npay  =  50 .
n e w  =  1 9 9 5 0 .

2 S -



4 .  C h a n g e  f i r s t  f l o v c h a r t  t o :

C h a n g c  i  t  e r a t  i o n  b o x F i  n d  -  s u n  t o

s r c n t + 1

q  c  n t - l



START

b i g 1 , b i g 2

i g 2 > b i g l ?
T e m p - b  i g l
b i g l + b i g 2
b  i g  2 + T e m p

I - l + l

a l u e > b i e 1
b i g 2 + b i g l
b ig  1+Va I  uej  g l  , b i g 2

V a l u e ' h i g 2 :
h  i g  2 + V a l  u e

- - - - - - - - - J



I . I + l

Su'n-Sum+va I  ' re
mean+sun/N

START

T I , N , K

I r I + l

d i v i s i b l



8. } IODEL EXAM

1 .

2 .

3 .

The follouing algorithn reads a set of 50 nunbers

smal lest  nunber in  the set .  Modi fy  the argor i thm

pr ints  not  onl l  the smal lest  nunber,  but  a lso the

that nmber occurs in the set.

$1000 i . f

algoritbn iehich leads an

years i t  uould ta le for

i t  accunulates in terest

Use each of  the boxes

anrouDt of noney and dete!'nines

that anrount to grow to over

at the rate of 69 conpounded

below exact ly  once.

Explain in your oun kords the toP-dorn

design.  DiscDss uby i t  is  inPotant

aPproach to a l  gor i thm

- 2 9

k > 5 0 ?



9. SOLUT]ONS TO }IODEL EX4N,1

l l ,  count

anount+a$ount x 1.06


