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* a well-specified computational problem

— input + output + their relationship
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e an algorithm

— well-defined computational procedure for achieving an input-output
relationship
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o UAME B &Y% /& partially correct ?

1. W Echeckpoint
e start/g flendfii &% — 1
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o Uik B ik & totally correct?

— partially correct + termination
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E is true?

eqg(head(X),last(X))?

X< all-but-last(tail(X))
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PALINDROME-TEST (S)
X=S
E=true
while X#A\ and E=true
if eq(head(X),last(X))=true
X=all-but-last(tail(X))
else

input sizef&2 T4 ?
Ul B E B running time?
best/worst/average case7 & % /b ?

E=false
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return E
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PALINDROME-TEST (S) cost  times

1. X=S ¢ 1 o TR

2. B 2 i . ;Da%tiiéémﬁ [ ﬁn‘min time?

3. while XA and E=true “ P e best/worst/average cagseﬁj\%.ux%%//l\ ?
4 if eq(head(X),last(X))=true ¢, p-1

5. X=all-but-last(tail(X)) Cs q

6 else Ce p-1-q

7 E=false C, p-1-q

8 return E Cg 1

running time =¢, +¢, +¢,- p+¢,-(p—1)+¢;-q+c¢,-(p—-1-q)+c,-(p-1-q)+c,
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PALINDROME-TEST (S) cost  times

1. X=S ¢ 1 o TR

2. B 2 i . ;Da%tiiéémﬁ [ ﬁu‘min time?

3. while XA and E=true “ P e best/worst/average cagseéj\%.ux%%//l\ ?
4 if eq(head(X),last(X))=true ¢, p-1

5. X=all-but-last(tail(X)) Cs q

6 else Ce p-1-q

7 E=false C, p-1-q

8 return E Cg 1

running time =¢, +¢, +¢,- p+¢,-(p—1)+¢;-q+c¢,-(p—-1-q)+c,-(p-1-q)+c,
best case: C;+C,+C;-2+C,-14+C.-0+cC,-1+C,-1+Cg

n n n
worst case: Cl—l—CZ+C3-({E—‘+1J+C4°{E—‘+CS'{E—‘+C6-O+C7 -0-|—C8

average case?
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o N AT T & IFEworst case?
— Gives us an upper bound on the running time for any input.

— Occurs fairly often.
— The “average case” is often roughly as bad as the worst case.
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f(n) = 0(g(n)) ° fm) = (gm)
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f(n)=0(g(n)) f(n) = 0(g(n)) f(n) = Q(g(n))
O(g(n)) = { f(n) : there exist positive constants c;, ¢, and 7n¢ such that
0<cign) < f(n) <cyg(n)foralln > ngy} ! et " .
. ‘\ A} N » ?
O(g(n)) = {f(n) : there exist positive constants ¢ and n¢ such that ﬁ/XﬁJﬁL’fﬁ‘{u\ = ;FHL/‘ :
. ~ lrawd >, Varani)
0< f(n)y<cgn)foralln > ngy}. {fﬁﬁ%ﬂ&'_—j EEEI‘ETJ ‘ﬁ:’f E]@ﬂ:ﬁﬁﬂ% ?

Q(g(n)) = {f(n) : there exist positive constants ¢ and nq such that

0<cg(n)< f(n)foralln = ne} . 20
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czg(u] cg(n)
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s f(n) i
" c1g(n) B / _________E‘g_(n)
e \ e

n n : n
g 2 ! 3 Mg i
f(n)= 0(g(n)) fn) = Q(g(n))

Mg

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

O(g(n)) = { f(n) : there exist positive constants c;, ¢, and 7n¢ such that lim f( )_ ce (O OO)
0<cign) < f(n) <cyg(n)foralln > ngy} ! > g(n) '
O(g(n)) = {f(n) : there exist positive constants ¢ and 74 such that . f(n)
. lim—~< <o
0< f(n)<cg(n)foralln > ngy}. N g(n)
Q(g(n)) = {f(n) : there exist positive constants ¢ and nq such that f(n)
0<cg(n)< f(n)forallm > ne} . LLw—g(n) >0
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PREEFHOK X /R ENTHIrunning time s ?
best case: ¢, +C, +C,-2+C,-1+C.-0+cC -14+cC,-14+C4

n n n
worst case: Cl+cz+c3-qi—‘+lj+c4-{5—‘+05-{E1+CG-O+C7 -0+ ¢4

PREEANBEIEFH O(n2)=0(an2+bn+c)?

L TR RV 2 bn+cEO(n), HA Bt 5 ibn+c=0(n),
A tan2+bn+c=an2+@®(n), XFEEEH A TFAL?
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f(n)y= 0O(g(n)) islike a<bh,

f(n)=Q(g(n)) islike a=>bh,
f(n)=0(g(n)) slike a=05b,
f(n) =o(g(n)) slike a<bh,
f(n)=w(gn)) slike a=bh.
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O(g(n)) = {f(n) : there exist positive constants ¢ and 1, such that

0< f(n)y<cgn)foralln > ngy}.
o(g(n)) = {f(n): for any positive constant ¢ > 0, there exists a constant

o > Osuch that 0 < f(n) < cg(n)foralln > ngy} .
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n)y= 0(gn)) islike a<bh,
n)= Q(g(n)) islike a=»h,
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