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1. B3 (Recipe) :
TE AR TR B R B Y R A (al gorithm) « fRIB BT BV E RS - LIS Ry BT

E MBI —3—FF2 F(a step-by-step procedure for solving a problem )} u]fE A EE L - Bilkn
PA—2— g M 2 =B AR - Rt m] i Rye — M EDE -

MR DAL AR RGBT —E AR | BV n 28 AEHEWNNE)  EETEE
— LR E Y E LA T DU S SR R - R bERIE B R A S THY TR B R R (efficiency) » FRAFTLA
IRF ] 2 4 [ (time complexity) K& 2 o i R4 S iy B s BUAAV B TP BRE - & —(EFE AR Y
rA# I (problem size) n HYLKEY - & RIREAE n NAFF - BEBUEBTIFREIREE > ST
FEFAMTERE R n (R ARHVETZ(BIA > n—oollf) o FFTER FEE AT AL 5% B0 /T SC55% (asymptotic notation)
HHYR O EC5f(big O notation) SR ZICHE FUARYIF EHEEEE - fERIR O 3ok o] LIS B —{E ek 8y
W FSR O THBEVEBYTHY PSSR AL A PAs NI, ¢

0(1) < O(log n) < O( V1 ) < O(n) < O(n log n) < O(n?) < O(n*) < O(2") < O(n!)

PLEFH I FEHERENE - PRrig (& A (E DL NS K FIRERTE n #2355 (polynomial ek % - J&H1 1S
TR Y SR Ry 2 TH R AT U A (polynomial time algorithm) » [fij 5z 1 R {8 £ T E AR
& n #Y$5 83\ (exponential) bR 8 - J8§ 7% 45 Tl B ] 48 Rl S8 Wy U6 SRV T Ry 15 BB U ) U RV
(exponential time algorithm) » —f%(f = * ZIAAIFEIEFARITEAR ELRIA R (ELREER) ¢+ TS
B A AR TR LR A R (EEE®) -

2. EET (Cook) :

—(E EREHVIFE - LA EREREET B AMT5E AR 2 TEHE (correctness)HYSE » DU BEEHEE
HY P8 ReE (efficiency) K HIET . » FRAVERTEEFESE K > HEEVAR DIERK O seiiskr&ve
RGN HEAREERENRE - B EEHERFTE R S 8eR A (£ (optimal )i £
BOE) TUE?A L » FAM AR M REA T BREC T 5 (lower bound) « 40 » DUT & —{E L H%AE
BHEV&ES R © HEFF (sorting) TRV AERED BREL T 5L FsQ(n log n) < J1 3 » S FERADETTECIR P HYRQ
AL5%(big omega notation) » R fy KQEHVE A BREL N5+ 1K O BEVE P BRE 57 -

FHEAERE R - B B AR BTSSRI T (worst case)dy 2 THARFEEEDEL » Higt
=t 0 BB RHEA TR EEE A - (H R H a0 ASEA T E SR B T RIS
FERET TR R o NI T2 A0 S A B Ry s e R AR B3 B L Y 20 T U R
BE - SGEEHE SRR ESR T T VAR BRE T SR Rt EK - 280 > IRt EKE 2T
— BT < B TR EER R R 2R R RS« R R B0 — (B R A S 2R
15T o] DA R E BUATE 2 A E R s A AR & 2At o] DA 2 TR e R A
& B Z AL - BBHIME - e o] DU AR e  BATE R T DAL TS R e
Ho BRI T FrA A B A AR A R B R E RS -

Dr. Cook 7£ 1971 F883Ram= » [ H A i B A E (EAYIEREE M (nondeterministic) 8 5%
BARIR RS Ll fr e E MR - HEAGEHTEB T HANEE L BEEEDN
(deterministic) » R B EAE A ~ @t ~ 2 H 2 AR (finite) - 11 H E&E 2 BE#TTIE R HH
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TN (definite) ~ XU (effective) ; {H/E > nondeterministic & &A T A A — (R IAREAVE T
E% — Guess (8(& Choice)°Guess A AFE— ([ BR Sk o] DASE S 8 HYBETH Fh kS Ay SR T 1%
A (Check) » FEEBUELME I EIERER TG H 5 A VBT - Al Guess &FEREHE
—{EEEE TR ERE - EEEEDE N RNERER TGS R - a8 mAl - HEAE A A5
HIEF(EB Guess E/FRARRYBTER - PRI H Aid ErEE s BUE rT s R i sm PRt < - BT
FERRIRA R B R - Pl E T ET B (quantum  computer) 5z 4= /B EE i (biochemical
computer)3 > A H A REE T Guess iSHHAER

FBFEE » nondeterministic algorithm A {17 AEIE? A HEBETI AT » &% Dr. Cook 7F 1982 4F
15 T [ &8 K% (Turing Award) > 72 & Computer Science/Engineering iV gy =522 4% - Dr. Cook H
—(E DUt ST A ER — Cook Theorem (1971) » FEEEH AN T :

NP=P iff SAT eP

(SAT {3 the satisfiability problem ; NP {{FF7A 1] LLA polynomial time nondeterministic
algorithms IV EFRREAVEES P XA 1] LLA polynomial time deterministic algorithms
g AT R &

Dr. Cook &HHLL T WA {[E a5 (statement)

1. V Xe NP: X o SAT (a: polynomially reduces to) ({E[LE5HH SAT /& NP-hard)

2. SAT a]DL{# FH nondeterministic algorithm £ 25 IA=CHIfE R ({FHEE5HH SAT ‘& NP)
FRIZLL_E R e - o] DAEEHH SAT RREZE—{E NPC [z -

Dr. Cook ‘Z5—(fEF NPC (NP-Complete)[RERVELE » M50 SAT [EZE—{E NPC
M - [NItE SAT BEZE S —(E#E8H1E NPC IRV - —{E NPC IRV EFRL |

Ye NPC iff (Ye NP) A (VXeNP: XaY), where X and Y are problems.

3. @ (Carp):

SAT E55—{il NPC » EAHEME?ENHEITRA - B Dr. Karp(Bl Carp 553)1E 1985
FA 155 Turing Award -

Dr. Karp FIJff] SAT J% reduction ()f BRI » 3FHA T 534k 21 ERIREMHRE NPC - 41 - fih
Z5HH SAT o 3-SAT o CN (chromatic number problem) » [fiF "I N {EE Z:80H (3-SATe NP) A
(CNeNP) » $FTA DL M

. VXe NP: (X a SAT) (1)
.. VXe NP: (X a 3-SAT) A (X o CN) (2)
.. 3-SATeNPC A CNeNPC (3) (By Eq. (2) and by definition)

NPC [ 7 {E SR 250 BAETTER S S Y - R E&—(E NP fE A polynomially
reduces to NPC [ o Rt » —H (£ NPC & =] DAf5 ] deterministic algorithm {F polynomial
BT b - RIFTAHY NP R A DU deterministic algorithm {£ polynomial HSfTfEL A -
txtE NP=P - iEr]Ei/E— AGE » FERTFR(— A F{E NPC [EE 5 #ER: FrAary NP [ER) -

FIHRFIRIE - 9202 F L NPC E#EEIHZ P & - M CFUREEER - — Rl iE
A 5E NP=P - [R &% H 7 Ay 1E  {Tfr] fig 2 NPC fHERY deterministic algorithm £ 5515 % (worst case)
T#BEA exponential FFEEFENE - (HR2INZH ARESUEEHH NP£P » 2 FR 256 FE(E NP RIRHE
Ay worst case lower bound /& /> exponential E4RHY » iS{j2 RFEHVEERE -



&re DA EAYEREA » FefImT DA H DU Y R R AR (el -

2=t

NP

NP-Complete

(Source: https://d3i71xaburhd42.cloudfront.net/d19cce0996d8236b2158123b5c9d98ealb190e94/15-Figure1-1.png)

PUT B3 Rer Z N R B2 H ChatGPT %5 P ~ NP K NP-hard #Y35HA:
P R T A LI B T AR P I FTRE - NP R T R DU 25 s P A B s ) T
NP-hard A2 570 28 /D1 NP o i R RE— % R S R R -

fRIEES > P& NP Y-8 EREWRERTA P AR HE[E R /2 NP AR - NP-hard
AE—(E 2 VAL - BE 7 ARl NP RS E AR R -

FJt P=NP = P=NP IR DUZZE DL T KR A T fi#:

| A
| I|| ‘
\\ NP-Hard /f | NP-Hard |
P=NP=
NP-Complete
E-
Pz NP P = NP

(Source: https://commons.wikimedia.org/wiki/File:P_np_np-complete_np-hard.svg, by Behnam Esfahbod (CC BY-SA 3.0))

EE_E » P£NP ;& P=NP & T &4 Ad%EEE (Millennium Prize Problems, MPP)fYt iE EkRE
7 —MPP R 75E EEESEHT(Clay Mathematics Institute, CMI)FA 2000 4 5 H 24 H /M »
HpE e Ry 700 B3EIT - MR HEIRE > (E2ME LIRS RAF R LRI BIEHAT] > T04L
TS - RS R I B o N - R e 100 ESETT o (B
B2\ FH € (Grigori Perelman)fit 2003 AR HfHy—ER - ESEIIREEEE & &HIIEM 24

%
=N

5 (B A A5 R IR - RULIE/R IR B S » thIBM@E MPP 454 -
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4. 373 (Bernstein) : (DA TE[BRLE 2 FNAERGERE ChatGPT)

Bernstein {E 23 FHVE B AIEIN - ££ 1993 4F - S EMERIEZRFS - (AFHTIE (Ethan
Bernstein ) AUSHHT « FLUAFALE (Umesh Vazirani) JEF T —(E#rAVEEMIEEL - 18 R fi s
&= 1% IE HF ] (Bounded-error Quantum Polynomial time, BQP ) °

BQP 2 —{Ef# i HE T3 B 2L A0 M AN L R RER R A Y - iE B kE BQP
SRR O] DA 2 TR R N &S BRI BT (R RV iR - RS (EERT - i
BH—EHSE AR » HE(EE AR R A LAY > BIAE 2 TE U R P v DATZE A — (& Ny i &
Ay o

BQP 19E = Bl HME MM FAEIL B A EREAER - H140 > P EAZEESTHEARF AT DL
{57 AR AT R RTRE - 10 BQP AYAITERE T RAVAET) » M & 15+ BigAv R EA L 5
AV RE - BEAh - BQP FHAY 7 B A 4 4 40 NP AR PSPACE R > R AEE AT

4 PSPACE problems A

Su
|
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(Source: https://commons.wikimedia.org/wiki/File:BQP_complexity class diagram.svg by Booyabazooka, Public Domain)

PSPACE 25T E RS P i - e i e Y [ 22 14 (deterministic Turing machine) /] 25 ITHZ
Ze AR E R &S » 2 Polynomial SPACE HYfEFE - (PSPACE is the set of all decision
problems that can be solved by a Turing machine using a polynomial amount of space.)

BQP > FESFE MR s o » (U5 5 s - B T~ S IE B ( Bounded error, Quantum,
Polynomial time ) - 'ZHEAY/E 7] DAE 25 TR R A FH 2 RS AV RETRE - SR P B - S5 3R
PR Ry T, 0<r < 12 GE: FFEWIoeam KA v = 1/3 BUEE) - Migstan - A —EREESE
TR I THY B BUA AT B IS » fEEBEEAN R —RET - EslsRIvER —ELh
12 7]\ QAR 2 TR B E G (R ST RSt Anie s & 2RI B EIOIRV N - 15
HEUEMI T RSS2 - RGBT 0 - Rt > FIDUEBBITEEIEIER 2 A4
B IR - AR ZEAE R R 345 2R -

HAA —LEIEAEHEENREEWEAER BQP - (HYBEE g AR P - HAl - B
=(EEEEAE AN - RS RN R E(L Shor SEELEMR)  BEHCEEMIELL Shor JHE
AR~ BT RGEBCUB A E B BT ) -

BQP EEHRIER 7 & B M E RN o ¥ — M FE i h0_E— (& FE 1% 2 (ordinary
Turing machine plus a source of randomness) Y ¥f FE FH FI & 5 57 88 = 5 % 25 15 = B [
(Bounded-error Probabilistic Polynomial time, BPP)> BQP & | P fil BPP iy PSPACE FiH & -
ARG HATE %55 BPP BLEAth S 5 K & 152 BQP HYRA (% -



