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What Is an Algorithm ?

P A PVEHB - An algorithm is a sequence Input : 185 n >0

of computational steps that transform the Output : sRH10! ~11 ~ ... vnl
Input into the output. #include <stdio.h> <

#define ArraySize 5 // f@'ﬁ"ﬁﬁﬁﬂﬁjﬂiﬁ , f*‘?ﬁinput

FEJ : iFg[.l'[_ﬁ{E:t‘&E?c (program) & | FT [Ffj ? int fact(int 1) { +-----e-

if (n==0) .
return 1; T?BJ ri’ﬁi@J
else E[fj—tﬂ;jjigl', n!
return n*fact(n-1);
} ........................

void main(void) {
=int i, factArray[ArraySize];
= for (i=0; i <= ArraySize - 1; i++)
factArray]i] = fact(i);

(0] 1
(11 1
(2] 2
(3] 6
[4] 24

f£= £, algorithm + data structure = program v (v R TR B9
=5 PHEFT T 3 R SR IRERY TR ORI
A o FIPVRAT TE Ry ) BRI -
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Prologue

PR T E ) I 7 R
FETENE (algorithm ) PVETfol [TV > 55
P T

< J~t1t Fibonacci number F(n)

o i W R 7
F(n-1)+F(n-2) ifn>2 Elj\f‘zﬁ,‘&fﬁ'g;?%}*dm'ﬁ

ot s p=—"1n

1 ifn=0,1 Fibonacci, 1170-1250
F(n) =
\(‘lj{ﬁﬂ)

— BRpYME=
B0 FO) =1, F(1)=1, F2)=2,F(3) =3, F(4)=5,F(5) =8
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Algorithm1: Recursive Approach

int F(int n) {
it (n==0)||(n==1))
return 1;
else

return F(n-1)+F(n-2);

) lF'ﬂfﬁ?FEQ‘ & pseudo code »
[FilSF T e | BRE 1S LA By
AR - 7 (;ppg ,'#\rj\zﬂ :
s 155

lll

A}
| |

) )

.Eﬂe Edit ¥iew Insert Project Build Tools Window Help _ &l X}
A EH@  BE 2 - DEY Gprintf ~|| 'l
|(Globals) ~|[(Al global mem |/ oF & s
|

#include <stdio.h>
#define Number 5 // [’Eﬁ“ﬁﬁﬁ%ﬁjﬁ ) ["“ﬁinput
int F(int n) {
if (n==0)||(n==1))
return 1;
16

return F(n-1)+F(n-2);

~ }

void main(void) {

int fibNum;

fibNum = F(Number);

printf(" FiIbNum(%d) = %d \n", Number, fibNum);
}

L o

U F(n) = F(n-1) + F(n-2) ﬁ@l?ﬂ\ﬁﬁi'ﬁiﬁi“ recursive puH =V o

SRR B el 1 2
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Shorter Is Not Always Better

" test - Microsoft Visual C++ - [test.c]

oz test - Microeoft Visual Cit - [lest.c]

Eﬂi Edit View Insert Project Builc? Tools l:'b’..indow .Help ;lil | B Ele Edit View Insent Project Build Tools Window Help ==X
B S { BE Q-2 NEY Eiill:‘l'ln‘ff - H._: N I I E-E%‘ 5ﬁ|pl’inﬁ LJ "’_‘_..'%
E!(Glob_aus) &4 gloval mem g +F ]2~ ]l lobals) ]| (Al global mem ]| ®1 EESIEY
#mcl_ude <stdio.h> = #include <stdio.h> =]
#‘:e;'(rf'i N)u;nber 5 #define Number 5
R N i
: o . int F(int n) {
i ((“t--o)|1|(“——1)) -~ retumn (n==0)||(n==1)) ? 1 : F(n-1)+F(n-2);
return 1;
> }
else e void main(void) {
return F(n-1)+F(n-2); ) int fibNum;
], ..;I......- ...... . .d. ............................................. bl = F(Number);
Y‘:'f_b”rla'”(""' At printf(" FibNum(%d) = %d \n", Number, fibNum);
ntm um;
fibNum = F(Number): ||} 2
printf(" FibNum(%d) = %d \n", Number, fibNum); 1] 2
} |
i1l >

U - USROS B TR R pui R e
S T ?Fﬁi’]}jc‘ﬁ—ﬁ PR > [RLEP PR - F i*gj’_l—iﬁilzg—tg %gﬂgﬂ
4 - POSBAEE BIPOT A T LBV R IR [
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How to Judge the Goodness of an Algorithm 7

B TR R 2R T O B B LR ij'ré{éﬁ%ﬁiﬁ Y-
SERNEY ﬁﬁ%l‘*ﬁﬁﬁﬁ@?‘ V5 F(n) FUshi= R £ 2

BREDHE T+ — xR JH RS ﬂjﬁmrﬂjr fEE T % oi&T’EJ
FEH - frfelt F(n) ’ijmﬁ,ﬂ .uﬁeﬁile&liih‘ff S pIEES

_l'l'f

] S(n) A 614 Flo) o B34 580

int F(int n) {
if ((N==0)|[(N==1))  werevreereremmsmssmsesmsssssesnasssanens 1 7%
return 1;
else
return F(n-1)+F(n-2); «eeeee S(n-1) + S(n-2) 7%
}

» S(n) — 1 fn=0orn=1
()= 1+S(n=1)+S(n-2) n>?2
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Lower Bound of Running Time S(n)

Kt ’?9I'F'EJF&‘?F’5F‘FJS(H)>[1+ : J[H\EJ —1.447x1.618"

J5 2
AR IR F100) - = pie1.447 x1.618% ~ 4.37x10% WAYE BT
BASIS STEP
2= 3-2
8(2):3>(1+ \/lgj[uzﬁj ~1.447 = 8(3)=5>(1+ \/lgj(lzﬁj ~2.34

INDUCTIVE STEP

k-2
1 VM 1++/5
f RN /\\’_T E’ y ) \Tf’
Iglng,j‘jj = JQL@\TK S(k)>(1+\/§j[ ) ] EI'S sl

11445 1\ (1445)
H|{ e - _
Vi S(k+1) = S(k) + S(k 1)+1>(1+\/§j[ > j +(1+\/§J[ 5 ] +1

>(1+ \/lgj£1+2ﬁjk2 +[1+ \/1§j£1+2\/§]k3 > (1+ \/13)(12\6}“
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Why Running Time Is So Large

iNtFGNtn) { N s 20
if (iZZT:)LI;(n:ﬂ) @ @ @ ................ o1
els:a A @ @ @ @ ........... 22

} (P @ @O @D@@ - 2

o) EE) EYEDED Ew) Eo)
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204 214 Pk 200 =202 LN (IR s B BT

2> S(n)>2m2—-1 - ?E?Vﬁuf?ﬁﬂéﬂ (A= 3 F TAYTRER) ﬁlﬂ'ﬁp’kgu
= BUENE recursive E"Fﬁ » 2 RIS TE A FILJ;"I?EFPFTJ °

14/40



Algorithm2: Dynamic Programming Approach

Féj : iﬁﬁﬂp’l@ programming 7 5= “R ] il B HARTAY
f"f'r?ﬁ » £ planning fUEi Rl (F2%] tabular method)

int F(n) {
F[0] = 15 F[1] = 1;
for (1=2; 1<=n; 1++) {
F[i] = F[1-1] + F[i1-2];
} //H n—1 {f loop
return F[n];
¥

BIFHET R » AL G

2+(n— 1):n+1j' o
GPN =100 - FEH L IFERTT 101 5 -
B - Uip TRl ™ ] array -

jﬁﬁﬁ » Bl F,J’P%J:’EE (AR [’ 2V Y array

RS ALY iR TR R S

BESUEIFIRT BT

n 1
FIn] 1

n 1
FIn] 1

n 1
FIn] 1

n 1
FIn] 1

n
F[n]

n 1 6
F[n] 1 13
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Dynamic Programming Without Using Array

n 0 1 2
int Fib(int n) { FInl| 1 | 1 | 2
int i, F n; /' 7 Fn
int F_n_2=1, F n_1=1; Fn2Fnl
_ n 0 1 2 3
if ((n==0)]1(n==1)) e I e e
return 1; /1 /. —
for (1=2; 1<=n; 1++) Fn'2 Fn1i
{
Fn=Fnl+Fn2; n o112 |34
F_n_2 — F_n_l; FIn]| 1 1 2 3 5
Fnl-=Fn; / / En
} Fn2 Fnl
return F_n; n 0 1| 2| 3| 4| 5
} Ffrnll 2 | 1 | 2 | 3| 5 | 8
R
Fn2Fnl



Algorithms as a Technology
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F(100)

Algorithm?2

(recursive)

%&%ﬁp ESFPHCHERT 1012
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The Practical Value of Algorithms

FESRIET BT X 28R [ .‘%’;F’mrﬁj@ » 8 EL,IEJFFLI > {EIE Edpy
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]
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E IFJ‘(JESL IR [l iﬁfﬁlﬁ?—% (LAN - local area network ) % Ethernet °
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The Necessity of Bridge

« 500 7t Al
L AN1 / LANZ
A B C =
 pmE R

F' (¢ Ethernet LV & > 2L2 R Jff F'F?BF ﬁp#%Ethemet Wfﬁ [1f]
F“(ﬂ gLt ”'—J‘F uwgq%qﬁf L Brerk  I8= (& Ethernet segment [IY

AR LU 500 2t R I RO R R L A U -

1983 &# » DEC 2R Mark Kempf 55 fF] ;ﬁgﬁ%%g (bridge) - &g

TIIPY LANs (91 LANTAILAN2) 2 LAN Fiios 7 B} |

El ;@?r%iu_ (& 4[] plug-and-play ) 16/40



Bridge’s Learning Algorithm

station | BFig AP
bridge e

LAN1 §>\ LAN2
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A B
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Bridge (%;[ESZIEJJ ISR ¢ 4,597,078 ) PUAE{EYS

OEM@ﬂﬁﬁmw—ﬁﬂwmmmmm’—*ﬂ@ﬁ@%ﬁﬁh

& JIE A JEE “mH?F\[ B+ 1% bridge 1451 B PFGI - |
=G TR EAAE | A AEGHIEY LAN (]85 LAN2) o (R
bridge HI3F A FVFERELITT LAN 1 3515 > A7l 9 & i+ learning cache
?E'EFIF“‘%*A 13 b PF‘[i—'i LAN 1 o ' =yl B pli= “qu\F,
bridge F&#quf”ﬁug}){@[%\ﬁ’ 7?7:9,‘1&1 ZJLAN 2 - ¥, C EIL_
?WH?F*\[ A > bridge bﬁ}[ﬁ’ TrR[FEERE] LAN 1 -
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Adding Redundant Bridges for Reliability

LAN1

95 &
< S

B1 A B B2

LANZ2

35 &
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C D

A r%r‘Elbndgeﬁ%ﬁf’LfﬂﬂliﬂﬂLfﬂQZ Vﬁﬂﬂlﬁﬁﬁiﬁ—iiﬁ§ Al
i & G F[ bridges 3f1# LAN 1 /1 LAN 2 » I'[{#7J[1 reliability -
IR IR - ’F"[ bridge Ffr » A BRI connected SN <
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Broadcast Strom Problem

LAN1 LAN1

58] = +
@ 8 \
e
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G I > >
D LAN2 h ©
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LA

(1) Y= ! - ?l[ C ﬁ'ﬁl?ﬁ:ﬁﬁ B> El[ bridge B1 [ learning cache HIPFi<#| B
FOEVRIES  BI [ LR EPRIET] LAN | -

(2) i B2 gl LAN 1ISELE Giewelly - fLove B2 =0 1 B Ppd > 7l
’ﬁfﬁ iﬁfﬁ‘gﬁg[ ELEE] LAN 2 ((He B fgp ES}EF;[ > BT | bridges ﬁﬁ HE
B 7Bl LAN )

@) B e+ El1 @ A1 @ T A L AR - ERE

P 17 £ broadcast storm problem o EIFUA R & 47 ?Fﬁ*f'—f. FPE 7 | loop 49



Minimum Cost Spanning Tree

LAN1
LANL LANL
5 |5 » 1 :Bl 5[5
@ s 8 > 8
LAN2 g —CLans - ""é"
D LAN2 8 5 8
B5 B5
% @ , B4 ,
2 U LAN4 2 U LAN4

I—’F}”éﬁfj (B R BI ﬁ‘} B2 71 disable f{lEl F[1— [ link FY3Ei = EEﬂ[[ﬁ* Fﬁ}ﬁ‘ﬁ‘[
¥ 7 loop » 1T i qg[l » IS T #lﬂlﬁ ﬁﬁ“;'“' graph 3. J,EI PR
circular node #=1- £ LAN > square node #=- bridge - </~ [iX edge F[Ify
weight #5724 ([E ﬁE‘EﬁF ; ﬂﬂ”ﬁifﬁ* ([at% 4 $st [V bridge network
TE'”[‘E F5FY minimum cost spanning tree o o ffJ# > Y [ E‘l}[ﬁj E[J = iFFJET o

ok =0 :
¢ R links ST disable 23/40



Radia Perlman : Making the Bridge Practical

FE E| bridge [N F & > 1985 &F > Radia Perlman (Mark Kempf Elffﬁ[ﬁ\

3% [F] distributed minimum cost spanning tree ?Fﬁ’gﬁi » B e i) broadcast
storm problem - Bﬁlfp JETH MIT ﬁH N [ iFﬁEWi + 1990 & ==V £
IEEE 802.1d [$[F153% - 1997 & > Radia Perlman J[I * Sun Micro ( 3 ]

Java 2 fil) o PSR © % 4 HUBTH 80 SR} -
24/40



Vertex Cover Problem

%, e (( )) A
1 P Y SN
= N %(( ) =
T EDE Y
Costoo - %}; = =]
¢ H(9) )
[ __J%
) @ & [ A
=5 ) :
M E P d P
H=I% o B E
(@ &'s %
INBASE -
() @éﬁﬁﬁfi %ﬁ &P
A %"ﬁf} fiﬁa
[ @) =2
e (B
("))
’?:;% )Y \ () ;ﬁ%
3 L2 B %@

7RI WEE
€ Input: a graph G

€ Output: a smallest vertex subset of G that covers all edges of G.

T AR oS

> YETER PR T ¥ ]

&2 0%
E_lfl}ﬂ

I BRI
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Not All Problems Can Find Efficient Algorithms

IR0 L A | EES @ﬁmﬁyﬁﬁrplglgﬁﬁ
fE P 3 Bk LR R 45 1

SEERHETE » e R 9 S PSRN £ 2 e
F ) o Vertex Cover Problem P LL BT NP-complete - IF%ESFF[?%/, ;
—lﬁ& [RE= 492~ F BRASS T BRIl NS (G 272N R
HE P F} 1K) > AMMfkL&F 5 Turing Award pJ NUPNGERE o (L
NP-complete problem T RLIEEE » 1 RLEN2 |5 5[] 27F=0 Eﬁf i)

IpiE = St (R PP iRGg (IR R S et ? 26/40



T &% ’ﬁ‘ : CMI Millennium Prize

http://www.claymath.org/millennium/

e (Clay Mathematics Institute (Cambridge, MA, USA) offered
US$1,000,000 (- FIFJJ%\;% 59— IF'JJ’F"[?FT) for each of
seven open problems on May 24, 2000 at Paris.

— | Birch and Swinnerton-Dyer Conjectugg
Conjecture | Navier-Stokes Equatiof
Conjecture | Riemann Hypothesis | Yang-Mills Theory |

27140


http://www.claymath.org/Millennium_Prize_Problems/Birch_and_Swinnerton-Dyer_Conjecture/
http://www.claymath.org/Millennium_Prize_Problems/Hodge_Conjecture/
http://www.claymath.org/Millennium_Prize_Problems/Hodge_Conjecture/
http://www.claymath.org/Millennium_Prize_Problems/Navier-Stokes_Equations/
http://www.claymath.org/Millennium_Prize_Problems/P_vs_NP/
http://www.claymath.org/Millennium_Prize_Problems/Poincare_Conjecture/
http://www.claymath.org/Millennium_Prize_Problems/Poincare_Conjecture/
http://www.claymath.org/Millennium_Prize_Problems/Riemann_Hypothesis/
http://www.claymath.org/Millennium_Prize_Problems/Yang-Mills_Theory/

Approximation Algorithms to NPC Problems
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HEE (1 AR oo

ﬁTU NPC IEF 'TE% > (1 PO R - T f':ﬁéféﬁgkr%?p ([t

B I JiFquTji REGRA AR i > (I T p@i%ﬁ @TTF’?J\;—;; ) =5
%ZFJ,:EJJ%_WF cHEAY o3 B“ja%_ approximation algorithm fufgfe @ b B
UEPH] - I ERER) l JFSEFpIL g (G2 AR~ E)
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o § OE
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= [t
_-‘?:\\
b B %
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Approximation Algorithm for Vertex Cover Problem

® |Initially, let .S be an
empty set.
® Repeat until G has no
edges:
O Arbitrarily choose
an edge (u, v) of G.
O Insert # and v into S.

O Delete all edges of G
incident to u or v.

® OQOutputs.

TN

\

2
4
75)
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Approximation Algorithm Written in C

E Jﬁ»ﬁﬁ}ﬁa’ﬁ :
LIS
fﬂ =i e
FI7 % ’Ll'j-la %ZFI\J
iﬁf&ﬁ% o

#include <stdio.h>

#define vertexNumber 6

int graph[vertexNumber][vertexNumber] = {
{0,1,0,0,0,1},41,0,1,0,1,1},{0, 1,0

1,1, 0}

{0,0,1,0,1,1,{0,1,1,1,0,04,{1,1,0,1,0

15
static int vertexSet|vertexNumber];
int isEmptyEdge(void) {

int i, j;
Frr fi=MN- = whlismabor 1. i
i '\I iy I" VGIIUAI"U TSI~ 0y, I ;

for (j=0; j<=vertexNumber-1; j++)
it (graph[i]|j]==1)
return 0;
retum 1;
}
void clearEdge(int i) {
int j;
for 1j=0; j<=vertexNumber-1; j++) {
graph(i]|j]=0; graphlj][i=0
H
}
void main(void) {
inti, j;
while (isEmptyEdge()!=1) {
for (i=0; i==vertexNumber-1; i++)
for (j=0; j<=vertexNumber-1; j++)
it (graphli]lj]==1) {
vertexSet[i]=1; vertexSet|j]=1;
clearEdge(i); clearEdgetj);
}
}
for (i=0; i<=vertexNumber-1; i++)
it (vertexSet|i]==1)

printi("node %d in Vertex Cover Set \n", i);

30/40



Three Questions about Approximation Algorithm

v Q1: Is the output vertex set indeed a vertex cover
of the mnput graph?

v Q2: Does the algorithm run in polynomial time?
EEBEAEE] > HF 0 max(V, E}) pORf

v" Q3: Is the quality of the output solution close to
optimal?

7 g'%@ﬂﬁ]’ﬁ%ﬁ?mlﬁ~ JET R B 2 PV vertex cover set [ > J[[ffl
riﬁﬁﬁ“;[éﬁpu[?iﬁd LR = A %’715__ optimal solution p~ 2 |‘ﬁ 5 1M
‘%‘Elﬂ?[*;:ﬁu approximation algorithm £% 2-approximation algorithm o
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Not All Approximation Algorithms Are Obvious

15 approximation 5 PHSERIE(H graph
algorithm 2 %l?ff [ ik S . .
ﬂ /;{ —» E‘[ (P "F'I \‘ JI

UG 2 ?Ii’d\m"ﬁ

e Initially, let S be an S EJ 0

empty set.
® Repeat until G' has no
edges:
O Arbitrarily select a
vertex u of highest
degree.

O Insertu into S.
0 Delete all incident

Hom fEE] Vi

edges of u. A3 [FE Vi
® Outputs R m [F node .2 BV
u u ] ~N
P Vi~Vm [fil— 'Y nodes #3E

MRV
32/40



[llustration (1/2)
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[llustration (2/2)

Step 3 Step 4

5444
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Approximation Algorithm 2 Is Even Worse

“-[#'5L optimal solution ( <1 node) » H [ m {fi# vertices
b AN L e
T1[ACRL approximation algorithm 2 ARSIV (fre1 node) - [i'f=ZZ]

{3 S SR R

E" m > 6 > vertex cover set [N J%@j optimal 1 2 icl o iF;L%EF[EJ
] Eﬁ l"%lz%% approximation algorithm ™ 7> Jl? [ETF(IJE[ 2

140



How Goodness of the 2-Approximation Algorithm

¢ o

® 6 o

The 2-approximation algorithm was known for 30 years.

It remains the best known approximation algorithm for the
vertex cover problem!

Finding a 1.166-approximation 1s known to be NP-complete.

Even a 1.9-approximation would be a significant breakthrough.

HFEHHJ [ﬁ*[Elﬁ}Eﬁ FIJE[\}%!FJT@D
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Max 3-SAT Problem

—'&J Wl X £ Boolean variable (I ffi£% 0 ﬁ9 1)

¥~ {l# Boolean formula F 5+ 7 m [’[ﬁf?ﬁﬁf\ > N {fi# Boolean variables -
fﬂvp - F :(x1 vX_2v x4)+(x2 V X, vX_4)+(X_1VX_3V xs)

?ﬁﬁ’“}@ﬁﬁpfj Boolean variables & %[ {7 3 i -

SHJOR (PR v R ) i PRI R+ (5 H ] AND )
7Y {f'9#21 1= Boolean formula F

=" #| 3-conjunction normal form ( [#* 3-CNF )

MAX 3SAT Problem :

?ﬁ* 12! %] 3-CNF fYE|=" Boolean formula F

FEIpEARA E | m ['[Efffﬂ”} » n ([ Boolean variables °

el U 2~ ot Boolean variable X; fi @jﬂ/ﬁi% F A

TR X =X =X =12 %, =x,=0F »F=3 (&) 37/40



The Power of Randomized Algorithm

MAX 3-SAT Problem [f[4+ 1L NP-complete problem - 7" 251 = [ pic
5 TR T2 PSR - [ approximation
algorithm ? fl P RL NGBS » FEP N e 9

|

randomized_ MAX-3SAT(void)
{
for (i = 1; i <= n; i++)
X: = random{0,1};

@ﬁ%@%ﬁﬁl%ﬁﬁﬂﬂnﬁﬁﬂrﬂﬁJﬁ%ﬂlfﬁW§%Oo
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Syllabus

FUCBA TR (R 1292 F1) » PR I2 BT A

€ Part 1 : ¥4 1 L NP-complete problems » = [’Fﬁ}[ﬁ’ %??T 3[4k e

(=

TR FRH I OS5 P )
Divide-and-Conquer
Randomized Algorithms
(+ i 75 £% NP-complete problems fu8 4% /- )
Dynamic Programming
Greedy Algorithms
Graph Algorithms (& |75 {4 ﬁllﬂ%ﬁl Vit )
Linear Programming and Game Theory (B IEF Jfl > Frm e Hf A’ET[J )

® Part2 : Y17 2% (HEEEL 7 ¥ NP-complete
€ Part 3 : Approximation Algorithm

SB[ NP-complete problems fu-2'55 74 3 -
39/40



p A pEd

: E:‘E@r%?%* [ (7]~ R&FE#2 | [1f% approximation algorithm £l fit
vertices B¢t I’ IEJ:?F’J%E} optimal [IHY 2 [‘Fﬂ o

® Initially, let S be an empty set.

® Repeat until G has no edges:
O Arbitrarily select a vertex u of highest degree.
O Insert u into S.
O Delete all incident edges of u.

® Outputs.
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