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1. B (Recipe) :

TEAlEE TR B R B DA (algorithm) < fRIB BT BV E RS - FLE Ry BT
& R RENY—4— 125 (a step-by-step procedure for solving a problem 5o f% BEELL - AT
PA—2— g M 2 =B AR - Rt m] i Rye — M EDE -

MR DAL AR RGBT —E AR 1 0V n 28 AEEWNNE)  EETEE
— LR E Y E LA T DU S SR R o R EERIE HE R A S THY TR SRR (efficiency) - FRAFTLA
I ] 2 5 FE2 (time complexity) s & 2« I R4 S flr s BUARVB TV BRE - 2 —(ERE AR
rA# I (problem size) n HYRNEY - E RIEAE n ANRFF - SEBUEBTIFREREE > S T
FEFAMTERE R n IR ARHVBETZ (1A - n—ooll) « T TER AT SC57 50T 557 (asymptotic notation)
HHYR O EC5%(big O notation) s 2108 FUERYIF EHEEEE - fERIR O 3ok vl LIS B —{E ek 8y
W FSR O THBEVEBYTHY PSSR AL A PAs NI, ¢

O(1) < O(log n) < O(V'n) < O(n) < O(n log n) < O(n?) < O(n°) < O(2") < O(n!)

DI A SRR RS > BRE IR M DL NS B R R n 192 TE 2 (polynomial) it > B iE
R [ e 1 e ey 25 T = RS 025 (polynomial time algorithm) 5 1177 5% 1% i {18 By FETRE AR
5 n #YF5 B (exponential) b B - & 1 42 el I 1 8 20 P25 1 0 B A B 5 B U M R Ve B0
(exponential time algorithm) - —fi% = » ZIAAIFREE RS THEERELEA SR (LR ) 5 Mts
H A R B EM TR EEE 2 A R (ELEE) -

2. JBJEm (Cook) -

—(E EREHVIFE - T LAHEE R EET B AMT5E AR 2 TEHE(correctness) Y » DU BEEHEE
Hy e %R (efficiency) SR HIET . - FRAMERTEE P ESE K > HEVAR DIERK O itk &ve
RS T o (HBARAEE ERRE - BAMTEIE RS IR M E LR B S R 5 (£ (optimal ) fiF & (CF
BOR) TUE?H L » BAFT VAR R A g BREC T S (lower bound) « 51401 » DU & —{E . #E
BHEV&S R © HEF (sorting) fTRERVAERED BREL T 5L FsQ(n log n) < )15 S FERAUETTECIR PRI RQ
sC5% (big omega notation) » (R B RKQEH BT BREC N 5 K O SAV 2 BRE B 57 -

ST LR E M - AT H AR A RESIRIE N T (worst case) i 25 TEAIFEPHEDL » gk
=t 0 B ERHEA TR EEEENA A - (EEFRM H AT ASE A B E SR E R TR
WEREU TN R R E 8 - RILRFT ST AT Fyia SRR B AR BaR A T Y2 T =0 [
BE - SGEEHE SRR ESR T T VAR BRE T SR Rt EK - 280 > IRt EKE 2T
— G —ATE - 3 E > FMMEEER a2 R R RS - R R —(ER A R AR
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 {£ 1971 fFE&¢3sm = - (#FH H Aif i H A B ERY I EREE M (nondeterministic) 8 B4
BRI BEeT Bl R E R 2 IR - HEAEE T EETHNEELBETSEN
(deterministic) » (RAEEA# A ~ @l - I B2 AR (finite) » 71 B E&ES BB TS F 57

1



WY (definite) ~ ARy (effective) ; {HE » nondeterministic &L 0] DASE A —{E R BHREAY T
E% — Guess (22 Choice)-Guess n] DAE—{[&2 BR HR gt °] DATESS E BV BT Pk S Y BETH AE 1T 1%
GBI A (Check) » FEEEDADMEH BINEHERY T UGS 5 A AYEEIE » HI Guess FHEE kK
—(EEEEE TR ERE  FEEFEEENRRBERERY TSGR o A8 SHEAEF A AR
HIEfFEG: Guess E/E5R KRBT - R H AT EE e MoE BE T R e iRe T 2 A - 56T
FRPARRAE AT E e I - Bl E 75T B (quantum computer) fz 4 L EE A (biochemical
computer) > A H A REE I Guess iSFEAER

HFEE » nondeterministic algorithm A1 HEVE?THIFEE B K T » ‘B Dr. Cook 1f 1982 4
1577 B &A% (Turing Award) » 325 Computer Science/Engineering F0Y e 252444 - Dr. Cook 5
—(E LI i Y EHE — Cook Theorem (1971) » fif BEF 40T

NP=P iff SAT eP

(SAT X7 the satisfiability problem ; NP (L3 FrA =] L polynomial time nondeterministic
algorithms i R REFTRE RV B8 S + P {C2F7A T LLFE polynomial time deterministic algorithms
g AT R &

Dr. Cook F&BHLL T R {E arH (statement)

1. vV Xe NP: X o SAT (o: polynomially reduces to) (£ FLEEHH SAT /& NP-hard)

2. SAT =] A& A nondeterministic algorithm 7525 IE=0EfE R ({FHEE5EH SAT & NP)
FRIZLL_E R {E e - o] DAEEHH SAT RiREZE—1{E NPC [z -

Dr. Cook Z5—{lilxE#e NPC (NP-Complete)[EEHYEEE - fiillZ6H] SAT [ E—{E NPC -
Rl SAT 2 s —{E #zae B E NPC REERYREE - —{E NPC MRV ER [ ¢

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

3. fHrm (Carp) :

SAT Z%5—{lEl NPC - EATEME?EHIHE TR » & Dr. Karp(Bl Carp 5&%)7E 1985
A 5F] Turing Award -

Dr. Karp FJF] SAT ¢ reduction (o) #VIERS 4 » 3IERA 75540 21 {ERTEMZE NPC - 40 » i
Z&HH SAT a 3-SAT o CN (chromatic number problem) » fE (I XIEE 5280 (3-SATe NP) A
(CNeNP) » FRFIELUT e

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

NPC [ T {(E AfREE 24N » BAMTTERES?>G N RS —(E NP RH-EX A polynomially
reduces to NPC [/ - (R » — H (] NPC [HE 1] LL{&E ] deterministic algorithm 7£ polynomial
IS b - RIFTAHY NP RS A DLEE A deterministic algorithm ££ polynomial BTz -
txtE NP=P - iE0]Ei/E— AGE » FERTFR(— A F{E NPC [ 5 #ER: FrAaRy NP [ER) -

FIHRFIRIE - 9202 F L NPC E#EEIHZ P & » M FUREEFER - — Rl RiE
Al 5E NP=P» [R &% H i Ay 1F {1 fa] iz NPC fEERY deterministic algorithm £ 52552155 (worst case)
THEREA exponential FFEEAER - HRETIZNEH AREHEEIH NP2P - 272G HHHLE NPC [
Ay worst case lower bound /& /&7~ exponential &4 » B e ARMEIVERE -



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

NP

NP-Complete

(Source: https://d3i71xaburhd42.cloudfront.net/d19cce0996d8236b2158123b5¢9d98ealb190e94/15-Figurel-1.png)

LT 1530540 2 FIPI 2 B 1505 ) ChatGPT 3 P+ NP J% NP-hard 7355
P HF T WLFES BRI » NP (32 T T LE S TEA IS R8s

NP-hard HIZFEHEL 2 /DA NP o iy ] RE — R R A TR -
fRIEES > P& NP Y15 ERWRERTE P AR HEE Rt /2 NP AR - NP-hard

o R -

NP-Hard

/ A
NP-Hard /

P= NP =
NP-Complete

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

B | > P=NP 502 P=N 2T & FE A HEEEE (Millennium Prize Problems, MPP) A3 e >
— o MPP 2 & B0y 2 E S22 17152 57 (Clay Mathematics Institute, CMI)# 2000 ££ 5 F 24 H /M
HISEREERE - fpiEdadt<s 700 BRI - MRS AN RIIRE - (M5 D EBRAT MBI FEHA
FI > AR T RS o S A W A B ER R 5 N H X SR — i n] JE A% 100 HEIT -



4. BRI (Bernstein) : (AT BINSE DB E ChatGPT)

Bernstein 7E{E S HYE B AIEIT o £ 1993 4 » stEMERERFS - (A HE (Ethan
Bernstein ) FSHHT « FLAFAI/E (Umesh Vazirani) EZ 7 —E#AVE MR - 15 A5 SR
&= 1% TEUHFH] (Bounded-error Quantum Polynomial time, BQP ) »

BQP & —{E (s FH &5 T M 2 TA I RN g L T REAVE S MY - 28k 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 &
[jq o

BQP 7 & Bl M Fe AL B A R AV E R - B4 > P EALEAE L TEARF R A 7T DA
{57 AR AT R I RTRE - 1 BQP FAYAITERE T RAVRET) » M & 15 BtAv R A L5

HEFEAY IR - IEA » BQP JHAYZE B #8440 NP AT PSPACE JHAY . R AE Z BRI -
4 PSPACE problems N
4 MNP problems )

e i L

BQP FL AU i REA O] B BE (4 [

(Source: https://commons.wikimedia.org/wiki/File:BQP_complexity class_diagram.svg by Booyabazooka, Public Domain)

PSPACE /25155 8 e & B 2 BE it 2 A [ 22 7% (deterministic. Turing machine)F1 i % 1H =
e AR E R EE 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 - fEat E A s o - AREET A2 - 87 2= ( Bounded error, Quantum,
Polynomial time ) - ‘EF5HY/2 AT LAME ZIHAIFE A & BN - WA ES - 535
PRI Ry 1, 0<r < 112 - #ajehsl » A —(E0REETE AR R N THY S EDA P Bt & TR (E
W e AEEFDEEA — T > EFRRAIEER—ELL 12 /N o 0 0 TE R A G
REZLPITEERASEANRR G 2B HE ISR - EEEERITHITRES 250 - S
AT 0 o NI - A PUEBESITEEAIER 2K MR USEEN T IR R Ry
ARG o

H A — L EEA M EER R AR BQP - (EREEn A @R P - HAl > 2
“(EEHENC AN © B8 RNE ML Shor SHEUARE) - EEHCE BRI Shor HE
AR ~ BT RGEB(CUB A E B BT ) -

BQP EMFEAE K 1 & T EIKIMNERD - B —fkE EHH0_E—{EFE 7% 24 (ordinary
Turing machine plus a source of randomness) [y ¥ JFE 25 7l 5 A 5L $5 0 8 #4 2% 18 =X 1% [
(Bounded-error Probabilistic Polynomial time, BPP)-BQP & T P #1 BPP - ififi PSPACE FiEl & »
ARG HATE %55 BPP BLEAth U5 5 K e 152 BQP HYRA (% -



