KD IVEa—ZREOIREZIKL T
Title A Journey Through Computer Science
EEA FUFYac - FoF— vk
Author(s) Andrew Chi-Chih Yao

EL: HAEE

T4 55 36 [0 (2021) 5L #lE FL & Ak

H R e i b Y N T

FATH 2022410 H1 H

B~ — 1=y

Hr~= 7TR=

URL https://www.kyotoprize.org/wp-content/uploads/2022/10/2021_yao_jp.pdf

FEER 7 F & F URL : https://www.kyotoprize.org/wp-content/uploads/2022/10/2021_yao_en.pdf




55 36 101 (2021) 5UHR B AL & a
TYRYa— - F—F— - ik

I Ea—FHFEOMRZ)RL T

BN COBIIWEZEEREBELLBVET,

FTTHWOIC, HHEEZZETELILIE RIZEoTIDELRWERETYT, BROZEZEDHT 4D
AL WERAMA 2T, TOMBANZTLICHIELWEBEZ W2 &2, B FH5E]
XELBNWTT, KHZOBTBHLTEXLILIE, RICEoTRELENTHY, KELRLETT,

Moo LEary¥a—sREEOBAEN, TFOEDONIZOVTEFL IR TWREZEZVWE
BwE g, BARMICIZ. RROEWEE2HIHD T, AVEICHEAIE T S, WEYE % R0 05k
L LAY, BRI EEZTCI V22— RFBE 7200 %, FTBHLLET, £
D% FAOWFEOME., FFI2. BB Z TV AMELEKREZ VTV AHHEBRA LwERnE
To WIFIC, RONEEMFICRELEE LG Z T BZE oA IBILZBRRTRHO L 64TV
RREEY,

FIZ1IM6E ISP EO Bl CTHEENFE Lz, 20%, MR LTHFBIZEMLLLABNERIKT
FloBLF Lz, BHERCIHE, KEMORWZ ADRHI L HERBOEE LZRKET, FAL,
AL & Z R I RN 2N 2 HEOMEBIO TTE L E Lz, W, Wb HAZI &I,
R TOREIEH T —NVATL . THROEIZEZF. B BRPSTFE 250282 TwET,
Bz, WHN-BRENEOHLER EOANWIEESNT L, RIS, Y LEFR=a2— bV
DX BBERERFELRICE > Tide—a—TL7%, Hondis, HOMMELEDDODDIA
HLENRLHER TOEES LIICEHOSEWEE L, ZLT WORRBHU L) iz iz &
HIEHERTHE L7

L. PpELA IR O e

ERSEAED & &, HHUHFICHETLIZ T4 Y P VHIPE L bR BRSO E L, 22T
FAFPE D A 25 AR ENTEB D, S BRKRO LI b D TL, bt Bo#EEIZ—E
THAHZLEERNICH>TVET, COFHENS, HAGHHATEIBTIENTEX LD,
HAMEN TV BB OB 25 1 2 BRI S TR VwE W) 2 & T, #EDPRVELRD LS
WS TWRE O ED, T AIZZOFBFITEVESZ 2T F Lz WHEZZEENEO L)
WKL 2 ENTE, Yy —Uv 7 - A=A ADEOHP LRIy - FI) BBEDITEATHE T,
B RWIEEEE 2T, BRAOT6NE L7,

19634, FAITKRFAICAVYHLEZHBI LT Lz ZORBDL R, 774 Y~ v OYHEZEIIET S
RGP ESNFE Lzs BB ICE D e, B AV 71 V=7 TRRFZEWEEOHF AL T —
ZARMEADSFR L7-WEEZTBY., 774 v~ VIE—FERY L W) S c#Mizrr X272k
AT THNAMEHINHIBHROEY [7 74 =y PHY] 2FLDONTDTY,

I OREZZTEA, BHDH A% L E Lize S L WEE RS2, WAL BFZTT
ST E, BEXMELI LD F L, WHFEORBEILELI T, BEARBLFE L, E
BRI OO T, BT H¥OBEBEZRLOERTHME LK U T Lz, ZO30ERKIC, RIZET
FHEICI YR S LR ADTTA, 774 vy OBRTHEICHET23HMIE,. S THRICE - T
LR TR OHHAZE BN E T, ZO—FITL D), RITKREFEERICYHZEZZITS Lyl LT L

1967T4EIC KRS ¥ L, BREZVEB D%, N—1"— FRZORZBRE T2 220 F Lz, 2L
TI9724EIC, Y2 VY - 5y a—#R0d L TYHEOH LS ZHE L $ Lz, ThTRIEAY
OYHFEHELTOAY — 25720 TT,



2. MEND a V¥ a— F AN

L2L, TN ELIEHmE FHATLA, 1973412, BIFMITOM LR OFEA 75 72FEO T T~
VAN, RCTNVT) XL EBALTINE Lize SlE, 7T A8 w) SIS HERERD,
FEAEDNICE S THIREAD RN D TLRY, STRAFWICEDRTVwES, FFILEF -2
X — A3 DFEH L7z [The Art of Computer Programming] (2 ¥ a—% - 70y 5 I v 7k &6
SBEITNVTY ZLIZHTAHDOTLREN, SAIIBEONTHE L, EICEES LWAETLL, &
T H LORHEERBATANETLZ. A TH S, ROPTHE S NMZEREICOWTETYH
BOTHEZTVWE L7,

TAHESHERT, WA LTWHEORA P 7 ofbFHEHFO T, 3 ¥ ¥ a— s B0 RFE
WCHEAFTLIEICLE L BICEAPEEICO2WHEOMEZHESDLHICRL, &
THLMLTWAZEZHZTWET, LAL, ROFEXFLHMICEKREL TN LEDH). A
ANV IARFEOT VY 2 =R EORFBEAEICL Y F Lz, BREPRSZITANRTINZZC-L- )2y
PREH LT E T,

3. WryEmts

FNTIE, BROFRIZOVWTA LB L Lz EB VT T, Rd, I EBARLBALE, #hE
TRFROT NV TY) ZLORMEICYMATHE L, L2L, FEZLIESLTRS, TV
Y a— R0 8H L WS A L T L WHGROBEIRICHEEZ  bitd F Lz, ZOBRBTEICH 5T,
by T2 5 ADORFICHOHLEABCEIN, B 7 VT RFEN—Z L —KERY V75— FR¥
TI0ER. 7 ¥ A b Y KA TISER %M L. 20044E 12 IEBUEAEEE L TV A EHERFICEY $ L

FNENORIICHIZZVRL L EIHFELTHT LD FBREWC £12, s o HICFA
PEEZHTHRT—< I EBROZRFHE LTIy Ea— R0 %RE, ZLTRAEEDbLo 72K
FOBRBIZRE CHBRLTWE L,

T, E0o0F—<ERY EIFE . I oy s ABME GEFR [V O/ RERL), EES
MERE, 2 L CHRE SR E L O~ Vv F /8= 7 1 515 (Multi-Party secure Computation, MPC) T3,

MDEZ DR OENLE B, RO 5, KEZMWE RO A2 ETT, BWluaR
OPIELTRWIFENTE, FEOHRISHTELEELFBREZAOF L TEET, 22
Ty TV LI RSBV EHEOMWE, ZNOPREEETH L2000 EHHL 720w E B
9,

3.1 I==v 7 A¥HE

— O HRITHED I =< v 7 AHMET, TRERICE > TENAZBVWARDDH L7 —<TT, &
WIDDH, THNERAPHSTHVE T, TS 2 RnWhikd om0 EE LRS-
25T,

ZFLTE, 7Y ZLRAEWZ, BHOLIYELFERLDDTHAL I EhbhroTEET L, #l
A 3TV ADMER T T LOREIBRANS Lo 72 BETT,

19704 XIS, BIRT VT ) A LIFENDFH L VAT A VDTN T) ZLABANADFEHZED
FL720 SOHLWIATOTNITY) XL, RN BEEPMARATN T T T, FEIIHZ
e, AT=VMDME ANL E VI WERTFIRETRL, 34 Y ERITFTAT =200 A
MLy TORTA Vi ANLDEPFROT, AHZEDL L VI DLDTT, HROEZFTIE. Zhi
WHZ479 ETREIATIRVHEICRZ T35 1970FERICA L ZEBICZO L) R T VTY) 0%
REL, FTHZLIHENDEZLERL, W O0DFr—ATEEL LWHREZGE L7

L2LZZTAADRGH L, BTE Lo 28I, COTVITY XLOBRBNREZTH S DHh
LY T ETL, FITHRIZ. EHEHPENRTWLIONZHMBELTE L, 2F 0, BEEIN
GLRT VT ZLDFH BRI DD, HEVIIFEHN Ry — AL ZOEHE DL LI %, T—5 D5
MERTEIOT VT AL ERBRLE V) L) REROT Tu—FOhnIvwonr, AMEELZOT



FTo COLILRETMELIRZLE, FIRT LT ZLIZONVWTOEL OIiER 52 5FEES Lo
Y BRZTEEY,

BRO7 7a—F Ltk 54l 7 7a—F 2T 5 &, SHIEEIRTVITY X4 L 7= 5 Ol
TN ATF =2 b/ TEFET(Fig 1)e — DT L =X —=TH 57NV TY X LITHERK
WCEI HEZRINL T2, IR STOT L= —THL7F—FIZLVEIH I X N9 h 5 ki #
RLFYS

A. Minmax Complexity 1977

Q : “randomized” approach vs “distributional” approach
Q’: Game between “Algorithm” and “Data”

@ :
[

computation
stochastic moves prob.distribution

A : These two approaches meet exactly at their limits by
game theory’s Minmax Principle (von Newmann)

This theorem provides a handle for understanding the
“elusive” randomized approach, which is now default
model in many cryptography and Al computations.
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B. Communication Complexity 1979

Alice and Bob are in separate locations, holding x and
y (n-bit integers) respectively.

@: Suppose they would like to compute F(x, y). How
many bits need to be communicated between them?

» For example, to compute whether x+y is odd/even,
communication cost = 2 bits

» But to compute whether x>y,
communication cost = n bits

» In general, the communication complexity of F(x,y)
may require deep mathematical analysis.
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MPC and Millionaires’ Problem

Millionaires’ Problem

Q : Two millionaires wish to figure out who is richer,
without revealing any quantitative information.

I

X millions y millions

« Compute: Is x<y?
« Any method to carry out such a “conversation” ?

Fig. 3
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My Inspirational Mentors

« Prof. Sheldon Glashow (Nobel Prize 1979)
my physics PhD advisor at Harvard
« Predicted Charm Quarks — Believed in it!
In science, one should be bold and persistent

Life should be fun As a young student, | tagged
along on his sabbatical to CNRS Marseille, and
summer school in Sicily. Indelible memories! He
showed me that a joyful life and intellectual pursuit
can go hand in hand!

@Wikimedia Commons
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My Inspirational Mentors

Prof. Donald Knuth (Stanford, Kyoto Prize 1996)

His masterpiece books “The Art of Programming”
changed my life!

Privileged to become his colleague at Stanford
Multi-talented, perfection in everything he does
Sincere and generous, he always sees

the positives in other people

Courtesy of Inamori Foundation
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