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INTRODUCTION

M u c h  o f  a  p e r s o n ' s  l i f e  i s  s p e n t  i n  s o l v i n g  p r o b l e n s .

U s u a 1 1 y ,  e  u s e  a  t o o l  o r  a  s e t  o f  t o o l s  t o  a s s i s t  u s  i n

s o l v i n g  t h o s e  p r o b l e n s .  F o r  e x a n p l e ,  w h e n  f a c e d  1 ^ r i t h  t h e
problen of t ransport ing nyself  f rom where I  anr now to a

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

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

p r o b l e n  o f  r e m o v - i n g  t h e  c o n t e n t s  o I  a  c a p p e d  b o t t l e ,  a

b o t t l e - o p e n e r  i , o u l d  b e  a n  a p p r o p r i a t e  t o o l  ,  I n  s o m e  c a s e s ,

I  n e e d  t o  u s e  a  c o m b i n a t j o n  o f  t o o l s -  I - o r  e , ( a n p I e .  i l  I

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

a  s t o r e  a c r o s s  t o u n ,  I  u o u l d  u s e  b o t h  t h e  a u t o n o b i l e  a n d

t h e  b o t t l e - o p e n e r .

l o r  n a n y  p r o b l e n s  t h a t  p e o p L e  n c e d  t o  s o 1 v c ,  t h e

c o m p u t e r  i s  a n  a p p r o p T i a ! e  t o o 1 ,  B u !  t h e  c o m p u t e r  i s
j u s t  a  t o o . l i  i t  r , , i I 1  n o t  s o l v e  a  p r o b l e m  b y  i t s c l f .  T h e

c o n p u t e r  c a n  a s s i s t  y o u  i n  s o l v i n g  a  p r o b l e n  o n l y  i f  y o u

k n o w  h o v  t o  u t i l i z e  i t  c o r r e c t l y "  T h i s  m o d u l e  i n t r o d u c e s

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

c o m p u t e r  t o  s o l v e  p r o b l e n s .

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

c o r n p u t e r s  i n  t h e  p r o b l e n  s o l v i n g  p r o c e s s ,  t h e  t e c h n i q u e s

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

2 ,  ALGORITHMS

T h e  f i r s t  t a s k  i n  s o l v i n g  a  p r o b l e m  i s  I i n d i n g

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

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

s o l v l n g  p r o c e s s .  A n  a l g o r i t h n  i s  a  c o n n o n  w a y  o f  r e p r e -

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

t h i s  t e r n .

- 1 -



1 .
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3 .

2 .
3 .
4 .

Defini t ion of an Algori th]n

An ordered set of  rules for solving a problen is

c a l l e d  a D  d l g o r i t h n  i f  i t  h a s  t ] t e  f o 1 l o { i n g  p r o p e r t i e s :

t h e  r u l e s  a r e  u n a n b - l g u o u s .

The rules are in a ProPer seguence.

The procedure specif ied by the set of  ruLes

s o l 1 / e s  t h e  p r o b l e n .

The procedure terninates sfter a

o f  s teps ,  o !  ac t i ons  sPec i f i ed  bY

We vi11 "back into" en understanding

aLgorithn is by f irst considering whdt one

Noha lgo r i t f un  1 .  D i rec t i ons  fo r  ge t t i ng  to  the  hosp i ta l .

f inite nunber
the  ru les .

of l}lhet an

i s t r ' t .

Turn onto River Avenue a! the stoPl ight.

Make a l ight at  the Y on Rive! Avenue.

T h e  h o s p i t a l  l r i 1 ]  b e  o n  y o u r  r i g h t  a  f e  b l o c k s

l a s t  t h e  Y .

Unfortunately, ue have el1 been tho recipi ients, and

probab ly  the  g i ve rs  as  ve11 ,  o f  nona lgo r i t hn i c  d i rec t i ons

l i ke  these .  I  hope  you r  i l l ness  i s  no t  t oo  scu te  i n  t h i s

case because if  i t  is, you f lay terninate befofe tho

a lgo r i t hn  does ,  The  p rob len  v i t h  t h i s  nona lgo r i t hn  i s

thdt l t  violat€s condit ion 1 by bei4g anbiguous' In

ru le  1 ,  wh ich  s top  l i gh t  i s  DeEn t?  In  tu le  2 '  wh ich  way

should I turn? At the Y describod in rule 3, there is a

right fork and a sharP : ' ight turn possible. I 'Jhich should

I take? How nany blocks are a few in step 4?

Nonalgori thf i  2,  Direct ions for

1 .  Go  ves t  on  Ten th  S t ree t  un t i l  you  cone  to  a

s top l  i gh t .

pass lng an exaln '

night befote the eJa6I[ '1  Ge t  l o t s  o f  s l eeP  the

2 .  ou t l i ne  the  na te r i a l .
3 ,  Read  the  na te r i a l .
4. Listen attentively in

5 .  Take  the  exan ina t i on .

c l a s s .
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T h i s  n o n a l g o r i t h r  c o n t a i n s  r u l e s  r h a t  m i C h t  b e
adequate to solve the probler0, but they cannot be
c a r r i e d  o u t  i n  t h e  s p e c i f i e d  o r d e r .  T h u s  t h e  r u l e s  a r e
n o t  i n  p r o p e r  s e q u e n c e ,  a n d  c o n d i t i o n  2  o f  t h e  a l g o r i t h n
d e  f i n l t  i o n  i s  v i o l a t e d .

N o n a l g o r i t h n  5 .  D i r e c t i o n s  f o r  p a s s i n g  a  t r u e - f a t s e  t e s t

. L  B r i n g  a  c o i n  L o  L h e  t e s t ,

l -  F l i p  t h e  c o i n  f o r  e a c h  i t e n  o n  t h e  r e s t .
3 .  I f  t h e  c o i n  l a n d s  h e a d s  r e s p o n d  w i t h  t r u e ,  i f

t h e  c o i n  l a n d s  t a i 1 s ,  r e s p o n d  w i t h  f a 1 s e .

T h e r e  i s  n o  a n b i g u i t y  i n  t h i s  n o n a t g o r i t h n ,  a n d
s t e p s  a r e  i n  p l o p e r  s e q u e n c e .  T h €  o n l y  d i f f i c u l t y  i s
t h a t  u n l e s s  y o u  h a v e  a n  u n u s u a l l y  i n t e l l i g e n t  ( t u c k y ? )
c o i n ,  t h i s  p r o c e d u r e  n a y  n o t  s o l v e  t h e  p r o b l e n  a t  h a n d ,
1 4 ' h i c h  i s  t o  p a s s  t h e  t e s t ,  H e n c e ,  c o n d i t i o n  3  o f  t h e
d e f i n i t i o n  i s  v i o l a t e d .

N o n a l q o r i t h n  4 .  D i r e c t i o n s  f o r  n a k i n g  a  n i l l i o n  d o l t a r s .

1 .  G e t  1 0  n i l l i o n  d i m e s .

2 .  G o  t o  L a s  V e g a s .

3 .  P l a y  t h e  d i n e  s l o t  n a c h i n e s  u n t i l  e i t h e r  y o u

h a v e  2 0  n i l l i o n  ( o r  r  o r e )  d i n e s  o r  u n t i l  y o u

r u n  o u t  o f  t h e m .
d  l f  w . , ,  r , , n  ^ , , i  ^ f ; i n . -  ^ - u a r ^  L U  s  L r P  r r

5 .  I f  y o u  r e a c h  2 0  n i l l i o n  d i n e s ,  q u i t  w h i l e  y o u ' r e

a h e a d  I

E v e n  l f  y o u  o b l a i n  t h e  s u p p l y  o f  d i n e s  n e e d e d  i n
s t e p  l  a n d  t h e  c r a n k i n g  p o r , u e r  n e e d e d  i n  s t e p  3 ,  t h i s
p r o c e d u r e  i s  5 t i l l  a  n o n a l g o f i t h n  b e c a u s e  i !  t n a y  n e v e r
t e r n i n a t e :  t h e r e  i s  n o  g u a r a n t e e  t h a t  y o u  w i l l  e v e r
o b t a i n  t h e  d e s i r e d  r e s u l t  a !  s t e p  3 .  H e n c e ,  c o n d i t i o n  4
i n  t h e  d e f i n i t i o n  i s  v i o l a t e d .

Now we a?e ready to consider an exarnple which does
q u a l i f y  a s  a n  a l g o r i t h n  u n d e r  o u r  d e f i n i t i o n .

5 -



Algori thn 1'  Find the greatesl

given nunbers, N and M.

I f  w e

M  =  5 6 6 8 3 2 ,

1 .

2 -

3 -

4 .

1 .
2 .

4 .

Let K be the srnal le|of N and M'

I f  K divides both N and M, then K is the

greates t  connon divisol '

Otherwise, subtract 1 fron K'

G o  t o  s t e p  2 .

This algor i thn is unanbiguous, i ts rules are 1n

proper sequence, i t  so1ves the problen, and i t  does so in

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

easv to fof low. However,  i t  nay take a long t ine to

s o l v e  t h e  p r o b L e n  u s i n g  t h i s  e l g o r i t h n '  F o r  e x a n p l e '

i f  1 5 7 9 8 4 3 3  a n d  5 6 6 8 3 2  a r e  u s e d  f o r  N  a n d  M ,  s t e p  2

woul i l  be executed 566783 t ines before the correc!

enslrer of  49 is found. A nore eff ic ief l t  algor j thn'  that

is,  one thet can solve the sNne ProbLetr with much less

e f f o l t ,  i s  k n o w n  a n d  w e  s h e 1 1  p f e s e n t  1 !  n e x r '

A l g o r i t h n  2 ,  G i v e n  t w o  n u n b e r s '  N  a n d  M '  f i n d  t h e i !

g r e a t e s t  c o t M o n  d i v i s o r .

I l  N i .s srnel ler then M, then exchange the t l ' ro '

Divide N by M and cal l  the renainder R'

connon divisor of two

I f  t h e  r e n d i n d e r  R  i s  z e r o ,  t h e n  M  i s  t h e  G C D 'R

the value of M and M to theo the rn i se ,  se t  N

va lue  o f  R .

Go  to  s teP  2 .

fo11o{  th i s  a lgo r i t hn  fo r  N  =  15798433 ,

we  ob ta in  the  success i ve  vaLues  o f  M  as  fo lLows i

M  '  5 6 6 8 3 2
M  =  4 9 3 9 6 9
M '  7 2 8 6 3
M '  5 6 7 9 1
M '  1 6 0 7 2
M  -  8 5 7 s
M =  ?  497



M = 1.078

M  =  1 0 Z g

M  =  4 9

I n  t h i s  c a s e  u e  e x e c u t e  s t e P  2  o n l y  n i n e  t i m e s ,  e

signif icant inprovenent over AlSori th:r  1.

The phenorrrenon !,,hicl! we observe hete oecurs often in

algori thns, Algori thn 1 is sinPle, streigl t t for i i rald,  an' l

solves the problem io an ineff ic ient 4enler '  ,Algoaitho 
2

is f iuch mote eff ic ient but the cost is.  addit ional di f f i -

cul ty in understanding i t .  Thls tradeoff  bet{een sinpLjc:

i ty and eff ic iency of algor i thns frequent ly folces the

alSot i thtn i lesiSner to nale a decision on the subject of

p r i o r i t i e s .

Exercis€3

1. Modlfy nonalgorlthn 2'to nake it 4n algodthn.

2, D€tefinln€ $hsther €ach of tho foltoring er' algorlthDs or non_

algorithns. Por eech nolldlSorithn,' find tlls rule or rules it

violat€s end 
"er{ri!s 

it 4s an etgolltlt

(e) Hol{ to Prace 6 telePhone call.

1. Pick uP the t.caj.v6r.

2. Listen for a dial tone.

3, Dial th'o nutiber.

4. Conduct the conversation.

(b) Hoy t6 find a uoril ln a dlctioirary or deter'lin€ that it is

not l isted.

1. Turn to anY iage.
2. If {ord at the toP left of the Pag' occuts alphab6_

tically afte! ths deslfsal vrord, go to step 4'

3. Turn ahead 10 psgss End !o to st.p 2.

4. Tufn back 2 Peg€s.
5, If $ord et the !o! rllilft is $ofore the desholl wofd, '

go to step 3.

6. Scan Page fol desirid rcrd.

7. If it is found' lrrite a definitiotr'

8. If it is not foEdJ Iftite, "not in dictionaly rr



(c) Ho'{

t .

2 .

5 .

td) Hos

1 .

2 .

3 .

5 .

to  f i l l  a  d i tch wi th sand.

Start shoveling sand itrto the

If you rim out of satrd, go get

Ithen ditch is full, stop.

a doctor heals a patient.

Learn about patient's probten.

Consider the slrptons.

Initiate a treatnent.

Exanine and test patient.

If patient is cured, then

di tch-

b i 1 1 ,

go to s tep 1.

the

l le next ask how we

o t h e r  w o r d s ,  i s  t h e r e  a

cat ing en slgo?ithrn fron

a person to a cornputeT?

3, FLOWCHART LANG1JAGE

shou ld  exp ress  a lgo r i t hns .  I n
convenien! language for connruni_

one person to anothef or f lot l

The language e have used above in cof l I iunicat ing

A l g o r i t h n s  L  a n d  2  i s  E n g l i s h '  v h i c h  i s  v e r y  a P p r o p r i a t e

b e c a u s e  i t  i 5  u n d e r s t o o d  b y  e  r e a s o n a b l y  l a r g e  s u b s e t  o f

the people vi th whon we cot lmunicate. EnSl ish has two

d i s a d v a n t e g e s ,  h o w e v e r .  F i r s t ,  i t  i 5  a n b i g u o u s  a s  f a r  a s

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

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

l a n g t r a g e .  S e c o n d ,  E n g l i s h  i s  n o t  a n  a p p r o p r i a t e  l a n g u a g e

f o r  c o n u n u n i c a t i n g  u i t h  c o n P u t e r s ,  s i n c e  i t  i s  t o o  c o r n p l i -

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

I t  $ r o u l d  a P P e a r  t h e n ,  t h a t  a  c o m p u t e r  p r o g r a m n i n g

language nay be an answer to our di lenrna. PTograrrning

l a n g u a g e s  a r e ,  o f  n e c e s s i t y ,  u n a n b j . g u o u s ,  a n d  a r e

understandable to the conputer.  And indeed one of our

g o a l s  i s  t o  e x p r e s s  a l g o r i t h n s  i n  t h i s  f o t n  s o  t h a t  t h e

c o n p u t e r  c a n  s o l v e  t h e  p r o b l e n .  B u t  p e o P l e  h a v e  d i f f i -

cul ty expressing algori thns direct ly in prograrnning

- 6 -



languages. For this reason we develop an internediate
language between Engl ish and the progranning language,
w h i c h  s e  c a l l  r l a i c h a r t  L a n g u c s e .

The expression of an algori thm in Flowchart
L a n g u a g e  c o n s i s t s  o f  t h e  r u l e s  o f  t h e  a l g o r i t h n  r r i t t e n
i n  a b b r e v i a l e d  E n g l i s h  a n d  p i c t u r e d  g r a p h i c a l l y  i n

" b o x c s . "  T h e s e  b o x e s  a r e  c o n n e c t e d  b y  a r r o w s  w h i c h
i n d i c a t e  t h e  s e q u e n c i n g  o f  t h e  s t e p s .  W e  w i l l  u s e  t h i s
Flowchart  Language to express al l  of  our algor i thns,

There are f ive di f ferent kinds of boxes that are
u s e d  i n  r e p r e s e n t i n g  a l g o r i t h m s .

1 .  T e r n i n e l  b o x

Tern r ine l  boxes  a re  used  to
po in t  and  s topp ing  po in t  o f  an
always contain either lhe word

2 ,  P roces  s  i ng  box

iden t  i  f y  t he  s ta r t i ng
d lgo r i t hm.  They  v i11
START or the word STOP.

The  work  o f  t he  a lgo r i t hn
boxes ,  I t  con ta ins  an  Eng l i sh
the  ac t i on  tha t  i s  t o  be  taken .

- 7 -

i s  s p e c i f i e d  i n  p r o c e s s i n g

s t  a t e n e n t  w h i c h  d e s c r i b e s



r e p r e s e n t  s  t h e  o b t a i n i n g

N  a n d  t h e  s e c o n d  M .

4. Output box

3 .  I n p u t  b o x

Each input box

r h o s e  v a l r J e s  a r e  t o

F o r  e x a n p l e ,  t h e  b o x

L i k e  a n  i n p u t  b o x ,

n a n e s  o f  v a r i a b l e s ,  T h e

t o  b e  d i s p l a y e d  i n  s o r n e

n a n e s  o f  v a r i a b l e s

from a known source

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

e a c h  o u t p u t

v a l u e s  o f

f o r n .  F o r

b o x  c o n t a i n s  t h e

t h e s e  v a r i a b  l e s  a r e

e x a r l p 1 e ,  t h e  b o x

i n i l i c a t e s  t h a t  t h e  c u r r e n t  v a l u e  o f  X  i s  t o  b e  d i s p l a y e d .



5 .  D e c i  s  i o n  b o x

E a c h  d e c i s i o n

a n s w e r e d  y e s  o T  n o ,
path is taken fron

" n o "  p a t h  i s  t a k e n .

A s  a n  e x a m p l e ,

shovn belorv.

box contains a quest ion ! ,hich can be
I f  t h e  a n s  e r  i s  t r y e s , r r  t h e  " y e 5 , '

t h e  b o x .  I f  t h e  a n s w e r  i s  " n o , "  t h e

A l g o r i t h m  I  i n  F l o w c h a r t  L a n g u a g e  i s

S e t  ] (  t o  t h e  s m a l l e r
of N and l ' l

X  d i v i d e  b o t h

N  a n d  M ?
N , M , K

Subtract
fronr K



r--r t

l
N a n e s  t h a t  a r e  u s e d  i n  a n  a l g o r i t h n  t o  r e p r e s e n t

nunerical  values and whose values nay change during the

e x e c u t i o n  o f  t h e  a l g o r i t h n ,  a r e  c a l 1 e a  , a v i a b l e s .  ' l h r e e

v a r i a b l e s ,  N ,  M ,  a n d  K ,  a r e  u s e d  i n  A l S o r i t h n  1 ,  I t  i s

e a s i e r  t o  u n d e r s t a n d  u h a t  a n  a l g o r i t h n L  d o e s  i f  t h e r e  i s

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

w i t h  t h e  a l g o r l t h n .  F o r  e x a n p l e ,  f o r  A l g o r i t h n  l ,  o u r

v a r i a b l e  d e s c r i p t i o n s  r , o u l d  b e  a s  f o 1 1 o { s :

Nane D e s c r i p t i o n s

The t l ro Siven nunbers.

A  c o u n t e r  u s e d  i n  s e a r c h i n g  f o r  t h e

g r e a t e s t  c o n r n o n  d i v i s o r .  I t  w i l l

c o n t a i n  t h e  g r e a t e s t  c o n m o n  d i v i s o r

l i /hen the algori thn terrninates,

S e t t i n g  a  v a r i a b L e  t o  t h e  v a l u e  o f  a n o t h e r  v a r i a b l e

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

c o n r n o n  a l g o r i t h n  s t e p  t h a t  a  s p e c i a l  s y n b o l ,  t h e  l e f t

p o i n t i n g  a r r o v r ,  i s  u s e d  t o  r e p r e s e n t  i t '  l o r  e x a n p l e ,

A-B

n e a n s  r r s e t  A  t o  t h e  v a l u e  o f  8 . "  T h i s  n o t a t i o n  c e n

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

o f  v a l i a b 1 e s .  T h e  s t e p  ' ' a d d  1  t o  X "  i s  g i v e n  b y

X+x+1

U s i n g  t h i s  n e w  s y n b o l  a n d  t h e  v 4 r i a b l e  d e s c r i p t i o n s ,

w 6  c a n  n o w  f e s t a t e  A l g o r i t h n  1 .

ALgori thn 1 _ Second Version. Given two nunbers'  N and M'

f i n d  t h e i r  g f e a t e s t  c o n n o n  d i v i s o r '

V a r i a b l e s

Nane D e s c r i p t i o n

The tvro given nunbers ,

A  c o u n t e r  u s e d  t o  s e a r c h  f o r  t h e

c o n n o n  d i v i s o r .  1 !  v i l 1  c o n t a i r

g r " e a t e s t  c o n m o n  d i v j s o r  k h e n  ! h e

a l g o r i t h n  t e r r n i n a t e s .
- 1 0 _

N , M

K

N , M
( g r e s t e S

the



divi .de both

N , M , K

Exercisss

3 .

4 .

l{fite algorlthn 2ln the Flor{chert Lsnguags.

Follo$ the algolithn describ€d in th€ forrouing flouchart

and givs the rgsulting output rhen lhs input valu€ is 5.

Variables

Nane

N

I

SLun

Descriptj.ons

The sum of the first N integers,
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su,t+sun+l
I + I + 1

PROBLEM SOLVING STEPS

Now that ] ,Je have the concePt of an algori thn snd the

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

t o  u s e  t h e s e  t o o l s  i n  s o L v i n g  p r o b l e r n s .  I t  w o u l d  b e

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

rnachine and get out an algori thn for solving i t  Un-

fortunately,  no such nachine has ever been discovered

P r o b l e n  s o l v i n g  i s  a c c o f l t p L i s h e d  o n l y  t h r o u g h  c a r e f u l  w o r k :

b e F o r e  t h e  a l g o r i t h " r  i s  c o n s t r u c t e d ,  d e t a j l e d  P l a n n i n g  a n d

a n a l y s i s  m u s t  o c c u r i  a l t e r  t h e  a l g o r i t h m  i s  c o n s t r u c f e d '

\ 2 -



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

I n  t h i s  s e c t i o n  l l / e  o u t l i n e  a  s t e p  b y - s t e p  p r o c e d u r e
t h a t  i s  u s e f u l  i n  t h e  c o n s t r u c t i o n  o f  a l g o r i t h r n s  w h i c h
s o l y e  p r o b l e n s .  Y o u  n i g h t  c a l l  t h i s  a n  a l g o r i t h n  f o r
c o n s t l u c t i n g  a l g o r i t h n s .  T h i s  p r o c e s s  c o n s i s t s  o f
s e v e n  s t e p s  w h i c h  a r e  d e s c r i b e d  b e l o r , J ,

l .  P r e c i s e . I y  d e f i n e  t h e  p r o b t e n .

A t  t h i s  s t e p ,  t h e  p r o b t e n  s o l v e r  d e t e r n i n e s  w h a t
t h e  p r o b l e n  i s .  T h i s  s t e p ,  i n  p r a c t i c e ,  i s  u s u a t t y
q u j . t e  d i f f i c u l t .  I n  n a n y  c o u r s e s  w e  a t e  n o t  c o n c e r n e d
w i t h  t h i s  s t e p  s i n c e  t h e  p r o b l e n s  a r e  p r e c i s e l y  f o r n u -
l a t e d  b y  t h e  t e x t b o o k  a u t h o r  o r  t h e  i n s t r u c t o r ,  A n
i n p o r t a n t  p a r t  o f  t h i s  s t e p  i s  d e t e r n i n i n g  e x a c t t y  w h a t
f o r n  t h e  o u t p u t  o f  t h e  p r o b l e n  s h o u t d  h a v e .

2 .  I d e n t i f y  t h e  i n p u t s  t o  t h e  p r o b t e m .

A t  t h i s  s t e p  y o u  s s k ,  , , W h a t  a r e  t h e  p e r t i n e n t  f a c t s
l h a t  d r e  g i v e n  i n  t h i s  p r o b l e r n ? ' ,  T h e  a n s  e r  q , i 1 1  d e p e n d
o n  w h a t  i s  a v a i l a b l e  a n d  $ h a t  i s  n e e d e d .  O n e  i n p o r t a n t
a s p e c t  o f  t h i s  t a s k  i s  d e t e r n i n i n g  t h e  a p p r o p r i a t e  f o r m
f o r  t h e  i n p u t .

3 .  I d e n t i f y  t h e  o u t p u t s  o f  t h e  p r o b t e n r .

H e r e  y o u  d e t e r m i n e  t h e  r e s u l t s  t h a t  a r e  d e s i r e a l .  B y
c o n s i d e r i n g  t h e  r e s u l t  o f  s t e p  t ,  y o u  s h o u l d  b e  a b l e  t o
detef i r ine hat is needed and in r .vhat forn.

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

T h i s  i s  t h e  k e y  s t e p  i n  t h e  p r o c e s s  a D d  o n e  w h i c h
c a n  c a u s e  t h e  n o s t  t r o u b l e .  T o o  n a n y  p r o b l e n - s o l v e r s
t r y  ! o  s k i p  t h i s  s t e p  o r  c o n b i n e  i t  w i t h  t h e  n e x t  i n  a n
e f f o r t  t o  o b t a i n  a  s o l u t i o n  q u i c k l y .  T h i s  i s  a  s i t u a t i o n
r , / h e r e  h a s t e  r e a l l y  d o e s  n a k e  v r a s t e :  t i n e  i n v e s t e d  i n
careful  fornulat ion here can save nuch more t i rne at steps
6 and 7.

- 1 5 -
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I n  c o n p u t e r :  p r o b l e m  s o l v i n g ,  t h i s  s t e p  i s  k n o w n  a s
p r o g r a n r r i n g .  I f  s t e p  4  i s  d o n e  c a r e f u l l y ,  i t  c a n  b e
c a r r i e d  o u t  i n  a  s t r a i g h t f o r v a r d  N a y  o n c e  t h e  b a s i c s  o f
a  p r o g r a n n i n g  l a n g u a g e  a r e  n a s t e f e d .

6 .  T e s t  r h e  p r o ( . e d L , L  c o n s t r J c r e J  i n  s t e p  4 .

O n c e  t h e  i n p l e n e n t a t i o n  i s  c o m p l e t e ,  w e  t e s t  t h e
p r o c e d u r e  u s i n g  i n p u t s  f o r  w h i c h  t h e  c o r r e c t  o u t p u t s  a r e

k n o w n ,  a n d  c o n p a r e  t h e  r e s u l t s  w i t h  o u r  e x p e c t a t i o n s .
I f  t h e y  d i f f e r ,  t h e n  t h e  e x i s t e n c e  o f  a n  e r r o r  h a s  b e e n
d i s c o v e r e d .  T h e r e  i s  a  t e n p t a t i o n  t o  a s s u m e  t h e  a l g o r i t h n
i s  c o r r e c t  a n d  r u s h  t h r o u g h  t h i s  s t e p .  A s  y o u  g a i n  n o r e
e x p e r i e n c e  N i t h  c o f i r p u t e r  p l o b l e n  s o l v i n g ,  y o u  \ 1 ' i t I  l e a r n
( p r o b a b l y  t h e  h a r d  w a y )  t h a t  y o u  s h o u l d  n e v e r  a s s u n e  a n y -
t h i n g  i s  c o r r e c t .  T h a t  k i n d  o f  s k e p t i c a l  a t t i t u d e  m a k e s
f o r  t h e  b e s !  t e s t i n g .

7 .  L o c a t e  a n d  c o r r e c t  e r r o r s  u n c o v e r e d  b y  t e s t i n g  a n d  g o

b a c k  t o  s t e p  6 .

E r r o r s  n a y  o r i g i n a t e  a t  s t e p  4  o r  s t e p  5 .  U s u a l l y

t h o s e  { h i c h  o r i g i n a t e  a t  s t e p  5  a r e  f a i r l y  e a s y  t o  d e t e c t
a n d  c o r r e c t  b e c a u s e  t h e y  r e q u i r e  s o n e  n i n o r  m o d i f i c a t i o n

t o  t h e  p r o g r a m .  E r r o r s  w h i c h  o r i g i n a t e  a t  s t e p  4  a r e

n u c h  m o r e  d i l f i c u l t .  S u c h  e r r o r s  n a y  r e q u i r e  y o u  t o

c o n p l e E e l y  r e t h i n k  y o u r  a l g o r i t h r  a n d ,  i n  s o - 1 e  c a s e s ,

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

d i s c a r d  a l l  y o u  h a v e  d o n e  a n d  s t a r t  o v e r .  A g a i n ,  a  c a r e
j o b  a t  s t e p  4  c a n  a v o i d  t h i s  w e s t e .

, 7 4

AN EXA]VIPLE

L e t ' s  F o 1 1 o r . ,  l h i s  p r o c e j s  r h r o u g h  I o r  a  s i m p l e
p r o b l e m .  T h e  p r o b l e n  i s  t o  r e a d  a  s e t  o f  n u n b e r s  a n d

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

l .  P r e c i s e  f o n n u l a t i o n  -  T h e  p r o b l e n  a s  s t a t e d  a b o v e

l e a v e s  o u t  s o n e  n e c e s s a r y  i n f o r n a t i o n .  F i r s t ,  ! , h a !  a r e

w e  t o  d o  w i t h  z e r o s ?  S h o u l d  t h e y  c o u n t  a s  p o s i t i v e ,



I
I

n e g a t i v e ,  o r  n o t  a !  a l l ?  S e c o n d l y ,  h o w  , r , i 1 1  l ' e
know Uhen vre have al l  of  the numbers?

W e  c a n  s o l v e  b o t h  o f  t h e s e  p r o b l e n s  a t  o n c e  b y
s a y i n g  a  z e r o  w i l l  n o t  b e  c o u n t e d  a s  p o s i t i v e  o r  n e g a t i v e
b u t  r a t h e r  a  z e r o  w i l l  s i g n i f y  t h e  e n d  o f  r h e  d a t a .
T h e r e f o r e ,  o u r  m o r e  p r e c i s e  f o r r u l a t i o n  o f  t h e  p r o b l e n
n o w  r e a d s  a s  f o 1 1 o w s :

R e a d  a  s e t  o f  n u n b e r s  u n t i l  a  z e r o  i s  e n c o u n -
tered and count lhe nunber of posl t ive and
negat ive nur0bers read.

2 "  I n p u t s  -  T h e  i n p u t s  w i l l  b e  t h e  g i v e n  s e t  o f  n u n b e r s ,
a l l  n o n  z e r o ,  f o l l o w e d  b y  a  z e r o .  N o t e  t h a t  a n y  i n p u t
n o t  c n d i n S  w i t h  a  z e r o  i s  i n v a l i d  f o r  t h i s  p r o b l e n ,

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

4 .  C o n s t r u c t i o n  o f  a n  a l g o r i t h n  -  O u r  f l o w c h a r t  l a n g u a g e
i s  a  u s e f u l  t o o l  h e r e  a n d  w e  c a n  n i c e l y  f o r n u l a t e  o u r
s o  1 u ! i o n  a s  f o  l  l o v r s :

A l s o r i t h n  2 .  C o u n t  t h e  n u n b e r  o f  p o s i t i v e  a n d  n e g a t i v e
v a l u e s  i n  a  d a t a  s e t  -  V e r s i o n  L

- 1 5 -



Nane

N N E G

NPOS

C o u n t  t h e  n u n b e r  o f
n e g a t i v e  a n d  t h e  n u n b e r

o f  p o s  i t  i v e  v a l u e s

o f  n e g a t  i  v e  a n d
p o s  l  t l v e  v a l u € s

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

A l g o r i t h m  3 ,  C o u n r  L h e  n u r b e r  o F  p o s i t i v e
v a l u e s  i n  a  d a t a  s e t  -  V e r s i o n  I I .

c o r r e c t ,  p T o v i d e s

a n d  n e g a ! r v e

D e s c r i p t i o n

T h e  v a l u e s  i n p u t .

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

T e s t i n g  -  T h e  a b o v e

p r o g r a m n i n g  l a n g u a g e

I n p u t :

O u t p u t :

T h i s  a l g o r i t h n  a p p e a r s  t o  b e  c o r r e c t .  B u t  a s  v e

w a r n e d  e a r l i e r ,  n e v e r  a s s u m e  a n y t h l n g  i s  c o r r e c t .

Inpleinentat ion '  Algori thns such as this one are

i m p l e n e n t e d  t r : a n s l a t i n g  t h e n  i n t o  a  c o n p u t e r  p r o g r a r n n -

i n g  l a n g u a g e  s u c h  a s  | O R T M N  o r  B A S I C  S i n c e  t h i s

n o d u l e  i s  i n t e n d e d  t o  b e  i n d e p e n d e n t  o f  p r o g r a n n i n g

l a n g u a g e s ,  v e  r , r i 1 1  n o t  d i s c u s s  t h i s  s t e p  i n  a l g o r i t h n

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

f J r t h e r .  y o J  1 a y  d o  s o  b v  l e d r n i n g  t o  p r o g r a m  i n  a n )

a l g o r i t h n  w a s  i n P l e n e n t e d  i n  a

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

1 2 , - s , 1 5 , - 2 , 7 , 0
N N E G = 1 7 6 2 6 9 9 5 0 7
N P o S =  2  0 0 1 7  3 1 5  8 1

O b v i o u s l y ,  t h c r e  i s  s o n c  d i f f i c u l t y  h e r e .  T h e

s t r a t e g y  u s e d  t o  c h e c k  f o r  t h e  p r e s e n c e  o f  a n  e r r o r

n a s  t o  u s e  a n  i n p u t  f o r  w h i c h  w e  k n o u  w h a t  t h e  o u t p u t

s h o u l d  b e .  l l h e n  t h e  o u t p u t  o b t a i n e d  d i f f e r e d  f r o m

o u r  e x p e c t a t i o n s '  u e  k n e w  t h e r e  w a s  a n  e r r o r ,  a n d

t h e r e f o r e  w e  m u s t  p r : o c e e d  d i r e c t l y  t o  s t e p  7 .

H a d  w e  b e e n  s u c c e s s f u l  i n  g e n e r a t i n g  t h e  e x -

p e c t e d  o u t p u t  f o r  t h i s  p a r t i c u l a r  i n p u t  J  r l ' e  s h o u l d  r u n

a d d i t . L o n a l  t c i t s  u n t i l  w e  h a v e  s a t i s f i e d  o u T s e l v e s

t h a c  t h e  p r o c e d u r e  i s  c o r r e c t

7 .  L o c a t e  a n d  c o r r e c t  e r r o r s  -  T h i s  p h a s e  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  i s  a  d i f f i c u l t  o n e  w h i c h  i s  l e a r n e d

o n l y  t h r o u g h  e x p e r i e n c e '  I n  t h i s  c a s e ,  w e  n o t i c e

t h a t  v a l r . r e s  o f  N N E G  a n d  N P O S  a r e  q u i t e  v i l d  a n d  a f t e r

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

v e r e  n o t  g i v e n  p r o p e r  i n i t i a l  v a l u e s ,  \ ' h i c h  i n  t h i s

c a s e  s h o u l d  b e  z e r o s .  I n  n a n y  p r o g r a m n i n g  l a n g u a g e s '

v a r i a b l e s  l i k e  N N E G  a n d  N P O S  a r e  n o t  a u t o n a t i c a l l y  s e t

t o  z e r o .  I n  o r d e r  t o  i n s u r e  t h e  c o r r e c t n e s s  o f  o u r

1 8



p r o S r a m  b r e  n e e d  t o  r n c l u d e  s ! e p s  t o  d o  t h i s .

'  n o d i l i e d  t o  i n c l u d e  t h e s e

i n i t i a l i z a t i o n "  t o  z e r o ,  i t  t a l e s  t h e  f o l l o L i n g  f o r n .

A l g o r i t h n  4 .  C o u n t  t h e  n u n b e r  o f  p o s i t i v e  a n d  n e g a t i v e

Y a l u e s  i n  a  d a t a  s e t  '  V e r s i o n  l .

Name

T h e  v a l u e s  i n p u t .

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

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

NNEG

N P O S

-  1 9 '

NNEG*0
NP0S-0

N N E G  ,  N P O

VAL= O ?

V A L > ( ) ? N P 0 S . N P 0 S + 1

N N E G - N N E G +  1



r r r 6 r  r . 1  h r  i h 6  . n - r p . r , . . r  l \ h i c h  r e s u l t s  i n

A l g o r i t h m  4 .  \ e  m u q t  r e t u r n  a g a i n  t o  s t c p  6  f o r  t e s t i n g .

E x t e n s i v e  t e s t i n g  o f  t h e  i n p l e n e n t e d  v e r s i o n  o f  t h i s

a l g o r i t h n  w i l l  r e v e a l  n o  f u r t h e r  e r r : o r s .  W h e n  w e  h a v e

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

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

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

a  p r o b l e n .  T h i s  p r o c e d u r e  c a n  b e  p u t  i r ,  t h e  f o r -  o f  "
f l o w c h a r t  a s  v r e 1 1 .

2 0 -





7 .

Fol lo  through the f i rs t  four  of  the seven problen solv ing steps
wi th the fo l loBing probtems:

5.  Pur  three numbers in to nAr-descending order .

calcutate the nean of  a set  of  nunbers

Input  a los i t ivc in teger  and conpute the sum of  at l  in tegers
f ron one to the in teger  input .

8.  Input  an amount  A,  and an in terest  rate I .  Cohpute rhe l r inc ipal
resul t ing i f  A dol lars are invested for  a g iven t ime per io. l
i th  ln terest  rate I  percent  per  t i re  per lod.

9.  Input  A and I  as in  8,  and N,  the nunber of  t ime per iods.
Conpute rhe pr inc ipal  resut t l rg  i f  A dol iars are invested for
N t ine per iods , l th  in terest  rate I  percent  per  t ine per iod
conpounded af ter  each t ime per iod.

- 2 2



6 . ANSWERS TO EXERCISES

2 .

l One possibte sotut ion n ight  be:

1.  Read the Dater ia l .
2 .  I is ten at tent lve ly  in  c lass.
L Out l ine the nater ia l .
4 .  Gets lo ts  of  s leep the n ight  before.
5. Take the e)ranination.

ta) Nonargorithn because it rnay fail !o sorve the problen.
lor exanpte, what happens if the rlne is busy?

(b)  Nonalgor i th ,n because i t  nay not  so lve the probren.  Tf
the search begins on an even (odd) page, then onry even
(odd) pages { i r l  be scanneal .  r f  s tep 4 had read,  , ,Tun
back 1 page," the procedure ould nave been an atgorithm.

(c) Nonargorithn because it is ambiglous. step 3 does not
exprain how to get  nole sand.

(d) Nonalgorithn because steps are out of ord6r. If steps
ere chan8ed ro 1,4,2,3,5 then i t  would be bet ter ,  A1so,

no act ion is  speci f ied i f  pat i6nt  is  nor  curer t ,  so the
procedure nay not teminate. One could adit the step:

6.  I f  pat ient  d ies,  then stop r reatnent .



3 .

5 .

Exchange
and M

Div ide N by M,

cali the renaine!

4 .  T h i s  s i t l  p r i n t

N=5

sunFI5

output: The

Name

A , B , C

Precise fo nulat ior ;  Put  three real  nunbers in to non-descendi

three nunbers in original order.

thrce nunbers in non-descending order

The three variables

ui th A the smal lest

- 24-

read and placed in order

and c the largest .



Exchange B
and C

Exchange A
and B

A , B , C

6. Precise forrnulat ion: Read a vatue N,
numbers lrnd calculate the nean of the
Input:  N and N real values.
Output: The mean of the N real vatues.

fol loued by N real



--

Algori thn: Nme

K

vatue

Descr ipt ion

Tbe nuber of  va lues read.

The counter  f ron t  to  N.

The sun of  the vatues read.

The values xhose nean is  computed.

2 6
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8 .

!!!9

I

Precise fomulat ion:  Given a pr inc ipal  ahount  A in  dol lars

and an lnterest rate I in percent per tinre period, conpute

pr inc ipal  at  the end of  one t ine per iod.

In lut :  Pr inc ipal  anount  A and interest  rate I .

Output :  Pdncipar  af ter  one t ine per iod.

Algor i thn:  Var iables

Descr lpt lon

The anount  of  beginning pr inc ipar .

The aflount of principat at the end of

the t ime per iod.

9.  Precise fonru lat ion:  Given a pr inc ipal  ar 'ount  A

interest  rate I  in  percent  per  t in 'e  ler iod,  and

pel iods N,  comlute the l r inc ipar  at  the end of  N

Irput :  Pr inc ipal  anount  A,  in terest  rate I ,  and

output :  Pr inc ipal  af ter  N t jme ler iods.

a number of  t ime

- 2 8 ,



Nane

1

N

K

Descr ipt ion

The amount of beginning princilal.

The interest rate ln Percent

The nuiber of tinre Perio.ls.

A coNter fron I to N.

The princiPal after K tiite periods'

- 2 9 ,

pr ir+prin+prin x 1/100

K+K+t



1

2 .

3_

5 .

2 .

MODEL EXAM

i .  Detemine th ich of  tbe fo11o{ lng are a lgor i thns and uhich are

nonalgor i thns.  For  those that  are nonalgor i thns,  e i !1ain uhv '

(a) Hou to shovel snot off a diivewav

1 Get  a shovel .

2. Remove a shovelfull of snou fron the driveuav

3.  I f  the le is  s t i l l  snoN on the dr iveway,  go to s tep 2 '

4 ,  S t o p ,

(b)  How to buY a new car .

l -  l ind thc car  You want .

2,  F ind out  i ts  Pr icc

3.  Ask You" fathcr  fox the norel

4.  BUY the car .

(c)  How to f ind a job

Detern inc vhich jobs are oPen.

Intedie!  for  the jobs You lant

Decidc whjch jobs lou uourd l ike

Get the necessary t ra l t1ng.

What  output  wi l r  the fo l lowing a lgor i thn gcnerate?



Design an a lgor i thm for  so lv ing the fo l lor ing problem: Convert

length f rom inches to feet  and inches.

' .  I  D e r , n .  i  5 e  p r o b l e o  r o r e  p r e c i i e l / .

(b)  The fo l roNing are the boxes needed for  an a lgor i tbn to

s o l r e  l h i q  ? ' o l l e n  I : l l  j n  L h e  l * o  e n p l )  b o r e r

to  so lve  the

( c )

3

2

4

5

(1, )

b o x e 5 . b o v e  i n t  o

2

r!
. r .
L_II_J

8 .  SOLU'I ' I

a f1o&chr r t  languaSe algor i tnm

Use each box exact ly  once.

ONS 10 MOnl]-  t ) iAl l

3 1 -

r .  ( c l

( b l ' fh is  does not  so lve the prohlcn

reccive t l lc  noney by asking

Thc stcps fc  out  of  sequcncc.

' Ihe prcbleD could norc prec isely  say:

Convert  a length f ron lnches to feet  and inches Nhere

the nunber of  feet  is  in teger  and as large as possjb le

lnput  box s lould conta in " inches"-

output  bo:(  should conta in i ' feet ,  inchesr ' .



hes>12

inches+inchss_I2


