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“Computer science is no more about computers
than astronomy is about telescopes.”

— Edsger Dijkstra




“What is computation?”

EERR-F
Alan Turing (1912-1954)
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&/ Turing Machine

B R AN

Turing machine

BRNM=(Q,I',[1,%,6,q,F)
- I F=BFHFFER
eI =8fF
- ZCIN\{O}: E=EFMAFER
c Q=T BEFINEES
* gy € O: MIIRIRTS
« FC QO ZBIEREES

c 5:(O\F)XI' > 0xI'x{«,>}
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Turing machine




Turing machine
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John Horton Conway

Game of Life

(1937-2020)
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Turing Machine

ON COMPUTABLE NUMBERS, WITH AN APPLICATION TO
THE ENTSCHEIDUNGSPROBLEM

By A. M. TurixG.

[Received 28 May, 1936.—Read 12 November, 1936.]

The ‘computable’” numbers may be described briefly as the real
numbers whose expressions as a decimal are calculable by finite means.
Although the subject of this paper is ostensibly the computable numbers,
it is almost equally easy to define and investigate computable functions
of an integral variable or a real or computable variable, computahle
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%)) Dawvid Hilbert

“Fa/REFFER” (1900)

23 N ENFE MR :

S52(o)Fl:
NBNENFTENLNIERR
Z510[a) -

MR HZINA A TENE A

K - A RAG%F
David Hilbert (1862-1943)
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%)) Bertrand Russell

Z %16 (Russell Paradox) 1901:

“R ARG
=EER?
ENXEEAN:
FRE“BTARETHLHES'NES
A=1{S]S ¢S}
_ _ 4L - T4
ARSRETEBRC? Bertrand Russell

(1872-1970)



%)) Bertrand Russell

PRINCIPIA
MATHEMATICA

TO «56

ALFRED NORTH WHITEHEAD

(EN=FRIE) oz - ¥x
Principia Mathematica Bertrand Russell

(1910, 1912, 1913) (1872-1970)



&) Kurt Godel

R AL R AE R
B A4 IERB NS ?

SHE/RATEEE (1931)
Incompleteness Theorem:

(R BAFTEN ) BF AR T AN

B RAF - &R
Kurt Gédel (1906-1978)
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{2 Hue] A2 (1936)

EF: mA-WE BUKIEALER / \_

“HIWTRL R 2 N LAR T 4 R ‘
MRBXFNEF:

MEEm T 1BELIZF"!
LELER mA (FRFA):
MR ZFABA (BFA) AER NER; S8
R FZFABA (FEFA) GR NITEREIF, I
ILELIER wA (IBELIEF) BB 4ER?
“BF T REAT F RGP AL |







%)) Dawvid Hilbert

“Fo /R{A4FERR” (1900) / A 3
23 N ENFE MR :

SE2(a)ER :

NEHEILTEFNNIERR

Z510[o) 7 :

IMHRBENZMALRENESE

NSRRI+ E! (1970) KT - A RAAH

Matiyasevich-Robinson-Davis—PutnamE2  David Hilbert (1862-1943)
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RigH

AMEE (A-calculus):

- TE: X
« MR (Ax.M)
« NA: (M N)

« XF“% A (calculus)’BYIfZ:
s SERIFN (BXZ4)

T EAL - B
Alonzo Church (1903-1995)
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“What is computation?”

155-ElRiER (Church-Turing thesis):
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&/ Alan 'luring

HEERANT—FRONER h

fatithe  BE-ERRE

ITTERIFRBRTEME?
T AE—T )R ETH?
aN{a] B S AT R?

TR

CIHR AR
(DTS ELOE S T

Alan Turing (1912-1954)
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Enigma machine
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Alan Turing (1912-1954)
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“OR e R ST A SR, 7

EARLR UBITENRIASH, e, BT 5.
52 BERNEEX M ORBEBMNEE
AT LME? T 2LBE5?




inputs 1 T2 T3

0 1 0

- BREERENE < FlERENE
(Shannon 1949) ,
L AR

o JLFEFRBICREER 1T EMERY Claude Shannon
(1916-2001)
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EARLR UBITENRIASH, e, BT 5.
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% I A B[R]

ZInTBYE] (polynomial time)
o mHBAT, (BRIL) STHEARNEE (GEAK
Ent) E0N2m=: 100n, Snlogn, 8n?, n'Y...
Why polynomial?
O HNTIIBARBEBZ S (0=t ....)
O ARITEREN I ER THRRIN:
KE—-BIIAERNEF. BEv->2%. BRI-BE. ...
o WFIEFRIFERMAE:
A ZMANBNFEZEREZIMIUR, 12 2Nz |E
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1 output

FIEESET—iE

KIS T B S B A1 @ A

inputs 1
n



SN EH—AA

HEH 5 BE

“BAAFARFEE TSN, REAHIAZTR LR

« NIRRT H—1fE

c TR, RUITERAE BNV

. ERREE
. BRI

=i

A A 30T B /Y |8 = B] PAS RS IERY 8] 2R

P (Polynomial-time)

NP (Nondeterministic
Polynomial-time)
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MATHEMATICS
INSTITUTE
FEERD
Millennium Problems OvaNP
s T §$7I=E
000, REXEAEH . pmmem
7T K FEEA, .
FHAEEREA E4 REIR

o 19— KRETFEMENRERO
» AR - it e h AT S O
o DURKFIET4ERIE — BU/R B8



P vs NP 7% 78

A AS 3T B /0] B A= 2836 1E R (8] @
P # NP

N LIS SRR, I AR
“BIEMBEFER: A THIUR AL AR
BR— N 7 R TR
BMEESEPIER 7 MEER
RITER, M 7 BEIXLERT
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Cla.SSiC Nintendo Gavm% arre ll;"‘igu]:e 8: Left: Start gadget for Super Mario Bros. Right: The item block
(Computationally) Hard

Greg Aloupis*  Erik D. Demaine!  Alan Guo™  Giovanni Viglietta$
February 10, 2015

Abstract

We prove NP-hardness results for five of Nintendo’s largest video game franchises: Mario,
Donkey Kong, Legend of Zelda, Metroid, and Pokémon. Our results apply to generalized versions
of Super Mario Bros. 1-3, The Lost Levels, and Super Mario World; Donkey Kong Country 1-3;
all Legend of Zelda games; all Metroid games; and all Pokémon role-playing games. In addition,

we prove PSPACE-completeness of the Donkey Kong Country games and several Legend of
Zelda games.

——

Figure 11: Clause gadget for Super Mario Bros.
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A WY AL

“ONANBIR L, LHINA
8 ZANIR B AR B ANAR, 7

250 - R
Frank Ramsey
(1903-1930)




A WY AL

RIRZEZL R(K): y:

Z2 VYV RK) /AR S, SAHKMA
8 LANIR B AR B NATR, 7

4

o«

R(2)=2 -

R@)=18 HAl
R(5)=43~48 J}iﬁ&%
R(6)=102~161 Frank Ramsey (1903-1930)

ARMIFKEAZHIER(G)ELRIE. ...
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FCRR” 8yt AR R

EXPSPACE

4 PSPACE problems R

EXPTIME

PSPACE = NPSPACE = IP

NP Problems \

NP Complete

- ————
- -

- -
- .
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P vs NP
B AE IR, i SRR
ZheF. TRIlEZE:
< IHFAMIEE;
LEAR AANE
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MR EREAEZXTRANER, T8 f(a,b,c,d) ?




Zero-knowledge proofs:

Yo G — MR FAGAER AGER —AF R,
fh TR AN FE L 2 9, RiEFBAATEHIME B,

‘nf—)éﬁ—t_LIEHﬁu
IRB—BETIB/IREK
BN RS BBRRE
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4o S GAH A 1 2 A8 F] 84
AR 23k —F fah A —ANE HRIEs “GEMR
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] 2] A4 7] AL

AN B G, BH
md: GHlHZR—TENE?

KA ALAE GAHB— /- F
SR 2L E

<

18 B GAnH ¥ AR A~ 1B 74 6

“I Z-HAk HF”  (Arthur-Merlin game)
(Laszlo Babai, 1985)
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Laszlé Babai (born 1950)
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BN FRESBExHMy, UR—FRIM (B
Wit x Ml y EX—XIFR N 2R R RI15?

10

Babai 2017: % °| A A & % 30 X B 8] B!
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&) 78 (phase transition )

BB TR BB E 2R b

(BRe OYd
oo 7| 7
(P05 | pemmmmis
00 O | mmmEESmn
9% o | m=
/4
14 BREKER Gian-Carlo Rota

(1932-1999)

° 22& Nothing is known about this problem. ’

(1979) -




&) #8% ( phase transition )

BB TR BB E 2R b

I O OYd
({00~ weaEEmK

O EMAEESN
O 0 | =

N s
14
ﬁEBR(hard Sphere)$§ﬂ: This problem is one of the Glan-CarIO ROta
most important problems of statistical mechanics. If we ('IS)Eg:Z-']S)S)E))

could answer it we would know, for example, why water boils

at 1009C, on the basis of purely atomic computations.
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Double overhand knot

Cr=—"

Lariat loop

-y

Double carrick bend

pc-—a.

Sheepshank

Hangman's knot

&=

Figure eight double

CRrr—

Running knot

o Tm

Granny knot

Sheet bend double

T

Surgeon's knot

Sheet bend

——

Square knot

Tiller's hitch

You know how to make them?

Your pocket sure does!

The Classic

The knot that started it all. The most
common and most recognized of all
headphone knots. All you need is a
little elbow-grease and mental forti-
tude to get this one un-done.




&) 78 (phase transition )

FFEIRB (Ising model) : e Y B

<IFFBE  EREE  SIEREE 7 2 s T
B Ik

Fi=R& R | A AR

i At &

3 i BRI

R AR | SRR
“SKEFEHREBY: Ising (1924), Onsager (1944), Lee-Yang (1952)

Kaufman, Onsager, Yang, Kac, Ward, Potts, Montroll, Hurst,
Green, Kasteleyn, McCoy, Wu, Vdovichenko, Fisher, Baxter, ...
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&) 78 (phase transition )

FEEE (Ising model) : e
<[HFRE &5 RE >|H5FRE T 5

AU
- <IRFLRE: NP-3 (Sly 2010; Sly-Sun 2012)
« SIGFLEE . ZININEYE]5#E (Chen-Feng-Yin-Zhang 2021, 2022)
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