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» a well-specified computational problem
e input + output + their relationship

e an algorithm

o well-defined computational procedure for achieving an input-output
relationship
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o Unfrrik B &y i partially correct?

1. & E.checkpoint
start/5 Flend i &% — 4>
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2. NFEcheckpointi% &invariant (f2 )5 — invariant;2 &35 1
)25 B

3. feAPTA checkpointZ [A] BG4, Ui BH AT 4 B A R
invariantili 2B, B4R Z¢ S i invariant i a7

o Unfrluk B &y% e totally correct?
e partially correct + termination
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X#A and

E is true?

eq(head(X),last(X))?

X € all-but-last(tail (X))

E<false
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E is true?

eq(head(X),last(X))?

X € all-but-last(tail (X))

E<false
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PALINDROME-TEST (S)

1. X=S

2. E=true * input sizeseft A ?

3. while X#A and E=true WAL E B running time?

4 if eq(head(X),last(X))=true * best/worst/average case 7T A e /0?2
5. X=all-but-last(tail (X))

6. else

7. E=false

8. returnE
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PALINDROME-TEST (S)

cost times
1 X=S

C 1
2 E=true < 1 * input sizefe A ?
3. while X#A and E=true c, b " WA T 55 E i running time ?

o AN == N

4 ifeq(head(X)last(X))=true ¢,  p.1 ° best/worst/average caseS Il 207
5 X=all-but-last(tail (X)) Cs q
6 else Ce p-1-q
7 E=false ¢ p-1-q
8. returnE “s !

runningtime=c, +¢,+¢,- p+¢,-(p—1)+¢,-q+¢,-(p—1-q)+c,-(p-1-q)+c,

o
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PALINDROME-TEST (S)

1.  X=S

2 E=true

3 while X#A and E=true

4, if eq(head(X),last(X))=true
5 X=all-but-last(tail (X))
6 else
7 E=false
8 return E

cost

times

1

1 * input sizere 4 2

P o WETFEE E@running time ?

p-1 * best/worst/average case 7T Bl 2/ 0?
q

p-1-q

p-1-q

1

runningtime=c, +¢,+¢,- p+¢,-(p—1)+¢,-q+¢,-(p—1-q)+c,-(p-1-q)+c,
best case: €, +C, +C4-2+C,-1+C.-0+Cy-1+C, -1+

worst case:  C; +C, +c3-qg—‘+lj+c4-{2}&5-{2—‘4&6 -0+c,-0+cg

average case?
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o At AT H B J<iFworst case?
e Gives us an upper bound on the running time for any input.
e Occurs fairly often.
e The “average case” is often roughly as bad as the worst case.




Worst Case Measure

e For each Input size we select the worst case.

running time

1




Running Time not Monotonic

e Actual running time may not be monotonic
In n.

running time
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cg(n)

ng(”)

n ! n

o

f(n) = 0(g(n))

O(gn) ={f(n):

O(g(n)) =1{f(n):

@ Q(gn)) =1{f(n):

"0t () = 0(g(n))

there exist positive constants ¢, ¢, and 1, such that
0<cig(n) < f(n) <cyg(n)foralln > ng} !
there exist positive constants ¢ and 1y such that

0< f(n)<cg(n)foraln>ny}.

there exist positive constants ¢ and 1y such that
0<cg(n)< f(n)foralln > ne} .
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c28(n) cg(n)
‘) f(n)
n
' fin) —
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" ) =©(gn) " fn) = 0(g(m) P fn) = Q(g(m)
O(g(n)) = { f(n) : there exist positive constants ¢y, ¢, and ny such that lim f(n) —ce (0 oo)
0<cig(n) < f(n) <cyg(n)foralln > ngyt . = g(n) ’
O(g(n)) = {f(n) : there exist positive constants ¢ and 7, such that lim f(n) cw
0< f(n)<cg(n)foraln>ny}. N g(n)
Q(g(n)) = {f(n) : there exist positive constants ¢ and nq such that ) f(n)
k 0<cg(n) < f(n)foralln > ne} . me>0




To use a “simple” Function

Simplification steps:

1. Assume continuous bounding
curve going through
max times for each n.

(D .

= 2. Use mlonotonlc ,
= bounding curve.

o | 3. Use simple upper |

= bounding curve.
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o fREEHOKREREANTrunning timeld ?

best case: € +C, +C4-2+C,-1+C;-0+Cy-1+C, -1+

worst case:  C; +C, +C3°(|7g—‘+1j+c4'|7g—‘+c5°|7%—‘+c6 °0+C7 '0+C8

TRBEABEIE Bl O(n2)=0 (an2+bn+c) ?

FUE TPk Febn+c € O(n), B4 INHE 5 K
bn+c=0O(n), Hittan2+bn+c=an2+@(n), XFEEHH 4
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f(n) = 0(g(n))
fn) = (gn))
f(n)=0O(g(n))
f(n)=o(g(n))
fn) = w(gn))

1s like
1s like
is like
is like

18 like

a<bhb,
a=>b,
a=>b.
a<b,
a=>b.
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O(g(n)) = {f(n):

o(g(n)) ={f(n):
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there exist positive constants ¢ and 1y such that
0< f(n)<cgn)foraln=>ngy}.

for any positive constant ¢ > 0, there exists a constant
ng > 0suchthat 0 < f(n) < cg(n)foralln > ngy} .
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f(n) = 0(g(n))
fn) = (gn))
f(n)=0O(g(n))
f(n) =o(g(n))
fn) = w(gn))

1s like
1s like
is like
is like

18 like

a<hb,
a=>b,
a=>b.
a<b,
a=>b.
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