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LA DG Bt R, T AN B 22 4 1)
S ARTE BUH 2R 48 BLPRAT AT DA BV B 5 4 -4
il ARMER A o DRI MGAR 25 D) BRAR Ry A — R 4T
HR 45 AT UES BN 25 i o AT HT LAV i
TR IR 7 38 4 P9 ZH AN ) 1) 2455 £ 5 A ok )
R IXRE LAY AR S . IR E ST
IR, L R R AT A R A AN R,
QISR Ak, AT IR BV R
PR A A B IS B . BAVE I S Ak —
ANUFAE R, EHAAR) A R e W s, wT
AEss KA —HFo DAL, B A AR — AN b
T SCRS AT RN IRB A, B2 IR 25 S e I
DRI A D50y PR AR Dy e 2o PR PR AN SCRS R 081 7 4 HR R
AAARRE o [FIREFRATI AT LASRAR M AT 2 B 5
R EMAE ALY FBa A
WA RS, HDyRe 53 05 B 5 & H
MTFEELIAL. FATURTE DM EFEELR
G ] DU W] fie i B AIG O 38 1R XU . 78 1990 4 AR
rp, JBRAR LA BE IR 2 N1« 4ETRF (Ronald
Rivest) ¥ i) MD-5 (Message-Digest Algorithm
5) BAIRGH ZHEH . A, Hes s
FIWLE T 1996 AEAEX J7 ffilc it 17— &R 51 i)t
FE, AT AMTEIRE] MD-5 746 % A Pk RE 7 1 1)
Wb, T2 MD-5 4 SHA-1 HUfR.

AL AR F P s 0 8 MR a8 o 8
A 5 TR 2 el L AN T O BR T R
HL T M P, AT 5 55 LA P 5 ok
oSO ISR AL R RS (9] AR AR R4
Rl Pl (R Do s vy AAR BRAR A 4 B 0
WISk ek 1 LR P s, ATAEAS LR R
LR ZENM 24, A, HES RS
JERSIE, I LA OGO R G AR AT A TR I 2
B m . &iE, POl el iy &
2522 A PR Re Il ARETY SHA-1 4 IE S8 AN 22
A IRt R R N S AU A BRI
Mo 28R, AATTH /N 2 I A R I N S 75 255
WAV PR WA 3 RV TRAT VR I I AT AT A

Eh= (1966-)

fift SHA-1 (M58 4%, (H /b 2 HUA3 1 B R 2
DAL FRAT AR e i) SR s AR T e U I 1 22
ARG, L SHA-1 24 M HI REH O 4
WL T, ANy TR e AN

BIXAZ W INE, 152N BN
5 R H R 5 R SRR M T — AT
PR INL . R B MG ER . Rk
TSR N2 s, B AT TrT Lt 1 34k
HA R SRR e B (9 0 B — SR 1) H IR
AR AE DL SRAAT IR . 5 —Fh ik i
EEIINE NG S SR S 2, ik
TR LAR X — miAE s I s Ly 28
NAE—BAE B TF4A SR T FRE (0 ) i . FELE
U 2o DAL DUR AR A TT Sk, IX AL 1%
5 2 T DL PR I — S A [R] (1 <7 45 2 2 o] g 1
o A — U, — AN AT 0 R G
HBEAND NS SEHG Y. X%, RAEFR
ZARGINGE B AL k. BRIk, TR
BRI S T T R AR I AR . IR
SAERE, R NHEZ LA, BUAAETE
BB 2 A RN DL SE S REZ RSN
TR T, AREILIE MR A )i,
B, “EON” BV DA SE R IE AT RSA CF
AR A2 Hill %05 GEFAEFT RS0

| T

1970 AR, AR T 4 04
7R AT A ST AR T, i
A Rl BN M E T
L, A B RIS R AR
45, JFTRE TR IR L L RATT
LTy 4 R s — BB % O 15 L
Ko BRI NAT AT B RERIBIRLRT,
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42



W orld of Mathematics | 2% 4H =

B AZARKAEAFFERG - (1944-), BT « #HRE (1945-), 32RE « M58 (1952-)

b gk T AR I I B BORR 145 . BRIk, 2
ARG, IR (A —4E R A
AHRGIH L T XD, ARAHFR
FINRRE =T WL DS R, A A8 A
LR K « HEFO /R (Ralph Merkle)  HUFAE /R o
i 9E (Whitfield Diffie) F1T5 T « i /K 2 (Martin
Hellman) — A{EIXANSTsA T AR5 B2 DTk -
NARGHEWIHL., —CHTARAX
Rk BUAAE B B W L s i,
XPILE AT F— AR, EHAY]
—l W XA, AP SR RRE
SOV AE N Z MBS AC T . X R RS 02
Jeh SE AN 2K 2 M v R (AR ISR 2 R T,
IFHTFAINEMB IR G EDNRGECLEHET
LR, AERALEREP R CSEHT . T
T FRATT W i 12— T d5e S AT T S ) A A &R
gt, RIUADONGE « Z2EIEF . BTid « 50K (Adi
Shamir) FI4E 4 1 o fif f4 &5 (Leonard Adleman)
KA dr 44 1 RSA R4

B AZAEMRR A o [EER (1952-), FhtEe 5%
HrdFy (1947-), Wohis « 5% (1945-)

EH—AMH AP RGE HIEEPER « 2
JR M6 3R (Taher Elgamal) 7E 1984 £E4% ! 3K 1.
KBRS AR R 2 R AT SR ARAIE 2242

B R e RRIEER

(1955-)

% RSA I ElGamal (L EHEH S RO,
—AMRAT MR R R A A R AN AL a R
bR — AR T AT 2 IS m RS, 135
AR REL, I ATRATHUL a 0 b F4x, 1k

a = b modulo m.

RS, b—a i m BRI REE 0. LU 2 —18
ISR
12 = 2 modulo 5.

— 3 = 2 modulo 5.
— 3 = 23 modulo 13.
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X T, ARG AT LR — 0 Rl R s
LI BOE B SAT 0 5 m — 1 Z R — A1
o e, iR S X R A EL AT LUK
23 Bl 10 AELL R ARIEAHL, FATmr DUR %
HffiE “? 7 IHE -

572 = 2 modulo 19,

IR 5, 5%, 5%, 5% AR 19 A, ARG A
FAEEN R R R R 72 XAMERL T
Bk, ANk, EIRPEE kMBI RER
%

5 = 13 modulo 19

BATRATIS AT T o AT IXFEMF4E £ 1)
FOURE AR A B O 0] e R ORI i, A
R FIEA AT 27 1L AL PR 2 o TkF
At P 3 O] i ) SR e AR W AN RGP
BB, NTEmZ Hb . —SdL T
NP-complete ] & 17y 22 1) R &8 o ot T, 1l — L3
T FE IR AT S8 A4 R 1R I T S 1) R 48 IR
AT R Ao B IFA PR it — N2
DU T IR ) 22 A R BRI RSA R4

B iz

VEZ AN RGN B2 3] “ ) s 207
ME K. AYATSAREE T 5ER, AT & 04T
SR ME,  BRARAT IR I BRI AE

I RARRE K B2 — R A7 O 5 A% BE IR A2 il
JEAT A DR i) b 2 A PRI R A — I
i, Wik T, AR e R —
TR AL 2 /D I R AR X 284 7
Bl AL 1 : 123457 S DL 372451 T %2

A2 : 374251 WA F2? (RBEBRT 1y
K, THHNETF)

PRABVES R, W1 HAR IR, (12
FEVE IV RIEAME . AR, BV PR e v o)
2, RAEHIIS TR AT REREEL ) 0 1 2%, K3
N 2 B i 00 2 58 FR B R IR 25

) 1LY ) 2 MR, XA A
) R 1 BRSNS TR, S LR UL A 6
P AU A TR CGREURAR TN AT 1A
ARG, 2 TR AN AT LA IR
AN BRI HOHAT S A B IX A 4 (Y

OV s WA ZE p 55 g BIFRR, K p Y5 g0

KHBIF NAH N R I B AT — A L E ) P 5
VR LAAE — 503 38 1 W T PR T R A
RIS AT V8 A AT o] 5 A 3% B A B0 O i
& — > NP-complete ] X @, NP-complete 7]
T AR — M R — R ] A, A R BRI L ]
RO L e — AN 1T LUk 22 Tt 2 Gl ) I T SR A 1
i, AT A X — S ) AT S 22 1t 2 ) m) A
Mo J3—J7100, WA b — A i) 55 B4R £ g
T ERY IS TR SR AR AT, IR 4 BT A X 2 ) R
TR I ] AT AR . AN, BRI 2 AT
T g — 26 [ 505 B A R ) SR R, HR
YR B A AT LS AT E. KK
WA a7 R ] B — AN K ik AT R A
filt, THEIIAAT, ANFBAFERTE LT
A IR 22 T ) S ] SR B0 — AN B R
EFE PRI e e Bk by FL/K (Manindra
Agrawal). JE #ij X ¢ & I /K (Neeraj Kayal)
F1JE4E » ZEvi Ay 4 (Nitin Saxena) — A$gH—
IR 2 B 2 A SE I, AT R B
Aho AR AR 2 PRI E T DL UE — N E0E 16
eEE. AREME, Hrpm I —EEr
AT DLAE 20 K 2 00 0 S A 5 34 (R4 Rt
S NEEHEIA AR RIEEEW S
T 52 T P e A R A AT T e 4R 2
SIS DR 7 o R 2 Bk . (AR
PR, AR 2 I SR TR SRR S B )
RIS A AR AR o T A S8 B, 0 T SR i
PERLRN (0 A R, AE SR SE B ) U 14y
HR SRR S Bl 3 AR 22 1) T AN 45 4
i L)

N A AR O NGz A
B RSA AHIEM RS, HMEROEH — R
BLRIE B R A AE B S (BN 9E S0 4y e
Pe— Py gk, RS B EE et A
Br MORRIR . TRATFEEEH 18 B 4 e A ik
M. TR, EAHEWASKREH p g,
R, XA S (AT AN IA A Wi 8 2 4
FA) 2% B e o B g S ) 0 2 A . IRAE R
ME—DNRKT 1ML e, BELHERPp-1)
(¢— 1) HZE. WAEERRNE R, WREHIX
P A T AR R 10 e KRS 1 B, 12 A
35 MR AL HEInE. KRG, RAHE—
AHEHL s {17
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(e)(s) = 1 modulo (p — 1)(g — 1),

Z G, WU p Rl g KPR 0 = A e n
=pq. NTREMZEMNMGE, BIE C Ky~
A B HL L -

C = M ° modulo n,

b e A1 n RMERDZ A9 TR n 2PN KEH
SRR IR n ANRESMEAITE, & MEDN A
3 C M .

figp AL LR VSR

C* modulo n,

o fig s B O FAH T LA s A n 2R . IX B E
TS JRIATE B M

P 2 GEREV S AT LA 3 M W2 IR
CPATTB L4071 W KB T Hoe b A2
SERL, — AR (1601-1665) HEHM “%H 5
INERRT .

a?~ ' = 1 modulo p,

Hepp 25 a5 p HR. A e
Khr (1707-1783) $2HH, &b KB —NER
5 x TR MRS R B BATRCIRA B ECy
o(x), ABFRR BRA7 R EECH R R A 0 TR
FEH p,

¢p) =p— L
M7 H R x 5 y R B A BATA LR R R
POy) = () $().
T, X TAFBRERL p Mg, FAH
¢(pg) = (p — (g — D).

RRFLIEUEH] T — AN K 2 ¢ BRI p(x) 1047
RN ER AR eI

a*™ = 1 modulo x,

Horpx 288 o HRIIEREAL.

Hi T RSA RG22 A VEAO T R o> i
MRk, (] RSA RGN 2 w) X8 ZOA
PRI TR A R i X d
I, HNGET —A 193 fL 3, X AE 2 6l
SEREIN A o RHE . BLAE AR AT AN > R AT

W orld of Mathematics | 2% 4H =

LKA A SR Al — LA H o it 1) R, NG X
A~ Wb (http://www.emc.com/domains/rsa/index.
htm?id=2093) !

B, — AN K RSA R E ARG %
AR BRI T . X R AR .
Bl 5 A% 8 v S R AR AT Ok, AT
AR S 15 ] LU 55 28 1 J5 VR SR AR 0% R 4 o
LA FHAR 22 45 1 7 A% 48 2 e 2k A #B 2 1BM
75w il %2 1) DES(Data Encryption Standard) #r
. BT DES AfF2e4r, — Rl initt fiig
MR SXASH AR E R R 2 R wm gn s vtk ”,
JF UL & W] 4 Joan Daemen il Vincent Rijmen
) % 414 1M 4 4 4 Rijndael. {EHUAR DES ifi
8y B b 2 T AT B BE, - Rijndael 463 T
ARG TR A A N % B T & R, R
AN Ak, KZEKIh Rijndael 7544
RN R 1, LRETAHANAAES
D e B R e R A e . i
Joi B ATIE S AT AR HE Rijndael 5 4812 2 i $ 2%
G5 R A B T AR A B I8 ] 25 AR e

B Bt EHUR AR SR I ARk R
SR DG I B R R, A T A8 T e
KB HLE 2 A 2 05 BRI AT ML,
Ak, B RAVIETE S ) K e — R 2 TPy 5 2
W T S A S e XTI
TS TT AR Ay o b . BUEF AT « 4R
(Peter Shor) %5 N\, — H a7 iH8& LN
IS, TR AL T B T E LR AR
ISP 1) S AR PR i) A, HG o I ADoK 2% DR R4 J
o, Shor 458 A HW DA - 23 i 3X A ) 248 S
A& T AR B, st g T
TENRIE Z o DG, W A o LRI T,
A4 RSA Z G0k TC 125 T DR AIE 25 T 3R 48 1) 22 4
To AN RBIWEL B DL BT LI
RIS K EEUT AL, AATIERE P .

LM 24 T 5% BN BL R B % b B
AN G TR WECE T AT AEE. W
IR AR NATT BT R R A 4k 2l 5 A AT AR
WA R IE g, AR MK 50
10 I ) R o

Big: AR EHRF%Z
A SCHR R
B ety —
RN E Y 4
ERTHW R 2K
B 7 U B — &
G R SN S
ZEELS AR K
BT BAETUAL
ZE- S N ST
BRI KRS

AR ST R
http://www.ams.
org/samplings/
feature-column/
fcarc-internet

F: BARRAE
TEFBRSRF
B#RABEHR.
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DRSS S

i . Joseph Malkevitch / : ] __! % = |

EARGHE, TR, #&-HEZALLLWEE. 2011 F, K7 ELHNE
BHEARHET 1900 £TT. FFXR, Z&—ErRdam (HMEMET 100 £70) WEEZEMNE
WHZ . EERREATRAARREEANENTED? WREXF, X5EFHFLREAZR?

0125 WWARKFEELA, X—FNEEEIAE : ¥, RiFFEEHRE.

A EH N ZERTEE “BEZE” W0 UEH T RIIANGR N EERAT Lk
HrTHAMEMR, ZELENRRZ — WA KEN &R ZE, K& ET ik &2 038 #4T
A EFR. AXELH P ERFEFAFIREFRARER MXARFEI DAL EHZEG T,
AMNAL—KREE, LR BEOEE, RANEL “X” REHLNEF G, ¥¥2RFHG N
RARFEW TR, A#RREHANERE, BELE - BI R ZXENMEEMRGAF, HH
WERBEELZEN “ATHR” WF %,

TR EREHE

frad <Kl 72 AR o 2 AL R
i, Bl R AR s BT A
Giito AR, AT IR AN ARTE IR s fy 2
e M SRR A D B (K045 U2, B il B T
Hgu i« 07 8 R B SR A B a3 B
AT TF5 . ERF R

HAREE A BAT, (R H AT R
ANMHRRIF (O 50 R SRR AR BT

JUAT R 2 RT3 T4, M0« Hodis 7 £k
WA, e L1 150 40K J U .
7 AR I B IR H8 53 J DR A AATT i S B g3
BT KRR K die LLARAS B 45 6L, (IR AR AR AR
FeIF, HRZHTAChHR. Bk, AMTR AR
M SR By o SR KO B A0 00 #r Fodls, LA
B PR AAER ) H K.

FE T B A DR W58 57 s iy R 00 82 3 22 1T e B
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A~ T, TR, EEaE
W MR GT2ER AE V2 7 R AE I
AFHH o SR, MR IE — AN HE S T B R
SRR A I B SRR A Y s, (AR RE
AR RS R B 2 L, A e O
IV B — AR - — RO T L T AL
SMART I E LS, s b e
TR 0.501, 17 B B 1T (A% %4 0.499,
TR A R A R IR W 2 SR AT B AN S
S T 1 I TRl 1 RS O N G« it
F i — %5 0] DL 2 R BB — MO I A A3 R IR R
WBLIETD 2 R m, KR E— ATl
ILH (ARFIETD) M T (AREW ) Mk,
B, P T 10 Vi £ )R T R
TTHHHTTTTH

DUAE, JEF XA A AR /N A 4 37
b, IR A ARE Y 4/10 (10 KB
HI 4 YRAETRD T H I TR A S R 6/10
CLO RFEHFHI L 6 RIS . MM IRBYFESR T
XL I — AN R < 6] AT AR — Uk o B i
HIHEH, T — e R E R R, 153
HH UL T T (6 AR SO AR R 0,501 A H L T 4 AH
SNy 0.499 HITE L T4 R0 MR “fR
S A A (R A . Kk A, B
B AR AT R %, 45 3 11 TR T (% A
AR 4 0 0.501 F10.499, AR,
AT T VEAL AR P A X R I A SR W B AR
B, BRIk Ah, AL, XA R
K 10 48 2 B A FH IR 4 0.00000001,
B WA R AE T S b XK 2 T R AR R A
4/10 HRBEA ARG W10 2 o

AR IR AR SR B2 1) TSR (2
D RS M WA W= IR
XSRS A N AT “ RO [RDU R,
R EARSHIR T AR, XEERIT
LB R MRS L. B8R, X T
AT BRI R R AR, )
DLASE A P I A 2R 5 S R AR AR AT R . AR
MM, AT B TEARSR 10 FF P KA
P EImT REME, MER IS IR AT 4 2
HILIX S0 st AR i, T A SRR e 1A
AR FR AR = R e B RS
R IR TR, LEUn RS RN AT RErE CE%E)

W orld of Mathematics | 2% 4H =

I 80% MTIER,  FRAT IV Z i HRAAE ?

DRl 2 5K A 45 T 00 MR 560X AN R & P
MTMEX, SETHEZAER “TER” MW
ML, A8 T, BN E A T
ik 46 gl o ¥ 447 (Leonard Savage, 1917-
1971) F5H : “ARIT AN, GEil AR R
T ME2E . (HJE, X EER S T4 LR e
5 Gk 2 A 3R, AR DR A IR Qb 8 20 e 5
WIS R AN R W A7

tothi% o iE4EF (1917-1971)

)z 2 AT A 3L I S CEigR
PEE RIS RIS T B g
FEULCCRENLIETS “RrRett”, B R RO, TR
SRR B AR AN A T et e g 28 i i A
M BICRE S AR R R T IR A )

HAN FER B 2. 4
B17, BRI PR K BT 2200 3145
0 R0 R B S Ao X AR R Ay DL By
bR CRIME R I ATEABAAAE LR AN [ KT RRCAS
EAR AL A H AR AR OGRS F A S R
FIEFG, WATRAEIE H AR R B .
XA BN AR SRR N E T
PR MR IR A AR . AR, ST
ML (AN [ 37 P A B PR 4 BE T ik th 2 A7 T AS
o BRI, Sefrde 28500, DA SRAIANIR (A8
FRIR T, AR AN T ) R Pk
Mo TSR BOEUR KR K
GH A XA X K S
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AERF R, T AR A R R S
DI VR 2 B KRR 58 0 M e 01 &
JEM T DTk e AR SR — /N R oy
UMK o SETCHEINT, M2 T8 v A 0T A5 2 1 A
FE IR 2 o 1 [ T A SRR A 3 e
- (Blaise Pascal, 1623-1662). MK 1 %
RS GETE 92 B 0 e L4 ) R, 7 b T 4
AR T R R ) LA

L e v (1623-1662)

e [ B A5 5 W e DU BT (Thomas
Bayes, 1702-1761) X0 H T HHRZI 1) =
filt, IF BAEH T RILE T TR

FL A Mvt 7 (1702-1761)

BRI IR

DU 07 1) 35 48 AW B B 4% 1 W 26 X A
B, KGR HE R T DR T AT SR
B BN BCE TR Lo B AR o XRS50 R
A 5L H 0 &5 AR by A o > TG O b 35 808 T
CIZINF R LI T B 10 PR A A e ol 1/2)
10 ¥, B2 10 X IE I tHI 7 208 11 R 22
S /b, B 10 R IE I I 7 UK LE T A A
e BUEB AL MMRE N 172, UK
ANTA] 0 H AR AR S A B ST ) CRE— AN %1
AR AN D, A, xR
A PR TR IS AN AN AR o I R 2 22 /2
B T8 GGB Bonti— NG R L,
BN L, B AN ERE T &, WA
JT IR (R A K OR O P(GG) 2 %2 07 i)
1] URHT b ok 7R AR UY W By, G,
G\ B, 7 MR =A%,
FOAARLEZ, MR LEHE AREY
o MAEMBBRAVHE S — NN EE L. 1
PIAS N LR I WA IR 2 2220 7 X BLERATT il
MRS — AN E R L ZI AT, WA
NS L AR T — i, 4
PX|Y) =FAF Y RAETEME T A X KAR
W3, W] LS P(Y)X) = Fifh X k2144
NEME YRR, AfEEH, B0 R®
P(Y) AR, W

P@Whpﬁ?%
FHMAES XY M2 EMFS, L
AR

Pawppg27

23 20 B2, AT ANIE Y POX) A P(Y) S
ARHZERE, PX|Y) I P(YIX) AT,

L o R o T TR N7 S S L B T
o LLAINE P(G,G,|Gy) = 1/2, P(G,|G,G,) = 1;
K HLFRATH B0 R FE  P(GG,) = 1/4
P(G)) = 1/2.

LSS AP MR, UM T 5 4
1) DU 7 5 B, 3X AN 2 B DL A 05 A1 LA
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KA. HM BB, TUH T SR T — AN E
e, af AR R S SRR R R TR R
CHAFD A MR Zm . 3R A
i, RERATE — R FE X, X, o, X, H
PR BHE R, BT DL — AN R A
I, FERFE A, — A i 45 8 T
XA A . BT E & — DR
HEMGAE BEEANE E—xRAE, A
W THE P(XGIE) 7 DU B — A “ A7,
H XA A LAV POXGIE) ffE, B C 50 E
R, —AFENE X KA.

g R R, BT 18 T2l B B RN,
JUT A S B0 A DR ik i) T R 2 oK
MBS 5%, WiZF il (Tsaac Newton, 1643-1727),
KK 47 (Leonhard Euler, 1707-1783), fu ¥ #ir M
(Pierre-Simon Laplace, 1749-1827), #il-4# (Adrien-
Marie Legendre, 1752-1833), 15 ¥t (Karl Friedrich
Gauss, 1777-1855), A ATJA 72 725 L 1K) 202 5K 1)
e AR SR F ALK, AT
S} B by CmE R, QA B I AR 2,
B BT R o BTk RURE 2810 1 3 L8 3100 1 2 R
TOXBE R b TR B A 5K T DU [
ABH XA A, A T b TRIE
IER AT A BARIR b= 420 ok, et
AR AR, B R . TR
XT3 1 9 56 9K 5 22—k LU I (1) B2 K R ) A
K K« YLHr ¥ (Adolphe Quetelet, 1796-
1874), AbAFH IEZS Ih 8k 50 NI HE 2L IF
NG HT ) A BEOR B SO AR A . AR IR T8
ik AL T4 22 10 S B

T8 X 945 (1796-1874)

W orld of Mathematics | 240 =

AR, R Z WA Zil K gl 5 i
RIBML G ok, X, FBERRIA
AR F AN )8 55 AN () B R R AT DR v R 2
HoTmk, TEEUHE 2 D BRI TR, 4R
T ATIEANE R SEAY) R A AT I N

K o JZRHD (Karl Pearson, 1857-1936)
FE D 22t Az B Jetth o 7 JR b 89 3k 52 S K
2 A IR RS 2 R AR R AR SO 2 1K 2
2BE R o R SR A A 1) SR AR R 5k
AR, X AR A AR TR e vk EALUR
T7ie Al 1894 FE4E H I b v i 22 X AN AR TE A
R Z SCRHME I GE vk (R~ AR BT, b v i 22 0
hy B b S R ORI R o R SR IR A
HET AT KRR R ST A 56 L AR Y R

TR o & Rk (1857-1936)

BT AT BB 53 30— FF, RS A0 1) o AL
N, SR REAE R E RN GE, H
HESN & 105 4y A A B 58, AlAT] ] I 4
N AR 2 AR B ) R i ) . FLE T (John
Maynard Keynes, 1883-1946) 7E £ 5 2% 4 4
KA AL, SRMARTE S K222 2] T #%, IfF
T 1921 FE b T R TSR g — AR EL
Fo PRI LAEH A K. TR R
Ky, WG T 9225 « 5% (Frank
Ramsey) M. B TGS 0m#E 4
B (A RICATTRR K PLUR 55 € B, R 55 1A
FEFEME A0 M GE i 2% Jr T fi 7 8 20 Tk
ST IR K A R 23 0 5 ) TR PR A ) A
Jik, ARG I TR RS, ROU AU ]
T EMPETSRING SRR, WRELTZ X
ARG,
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298 « HEthis o JLENT (1883-1946)

Byt « 9 4% /K (Ronald Fisher, 1890-1962)
RS AL BT IR F I e E A 5, b A
G R B R FTIE I F R R LAk
Do e R I AR S0 R Ath
LETE[E B R (Rothamsted) (1] — AN AR 56
S TAEZAE, IS S T —ASE8, A
BN E R AR £ 7/l BRI Al T = w1
DOKHIBE . LIRSS A, ey %55 R
Goik X —T R, nfLAR AR E 7 200)
ANRIZE I B RE T P A s, I AR & R e
M7 R IR B i IR, iR
R Z 7R DL A AT THR b Az 8 v i — P R Bl JK IR 2
BRI R A T B 4 .

OF H « 45 & (Jerzy Neyman, 1894-1981)
AR TR T, RS I 9T 3 B 5 AT .
SO TR Al A R R4S O — B (], 7RI EL, Ak
B ARR o« BRI IL T Sl 2 F IR T« R
i (Egon Pearson 1895-1980) f#H H.&Zit. JiZk,
I AL MM R A e M 3 R AR, IR
Gt & A4

ARE A% (1894-1981)

S e 183 75 F (Bruno de Finetti,
1906-1985) LT B A, fE 2 KAEZ HH,
BJEAED O Ftt o A DAERAB AN “ =07 1) f
B AT BE M 16 SN 1) 42

i o 184t A (1906-1985)

B VS LD RE AN W o, U SOT IR S
W I AN 58 DR T SR P F R R S HCHE v e i) £
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Two Views:
How Much
Math Do Sc1entlsts
Need?

E. O. Wilson , E. Frenkel / 3C
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E. O. Bi/REMER : RIVETHE, MARHFEE

Great Scientist # Good at Math

E. O. Wilson Shares a Secret: Discoveries Emerge

from Ideas, Not Number-Crunching
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For many young people who aspire to be scientists, the great
bugbear is mathematics. Without advanced math, how can you
do serious work in the sciences? Well, I have a professional
secret to share: Many of the most successful scientists in the
world today are mathematically no more than semiliterate.

During my decades of teaching biology at Harvard, I watched
sadly as bright undergraduates turned away from the possibility
of a scientific career, fearing that, without strong math skills,
they would fail. This mistaken assumption has deprived science
of an immeasurable amount of sorely needed talent. It has
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created a hemorrhage of brain power we need to stanch.

I speak as an authority on this subject because I myself am an
extreme case. Having spent my precollege years in relatively
poor Southern schools, I didn” t take algebra until my freshman
year at the University of Alabama. I finally got around to
calculus as a thirty-two-year-old tenured professor at Harvard,
where I sat uncomfortably in classes with undergraduate students
only a bit more than half my age. A couple of them were students
in a course on evolutionary biology I was teaching. I swallowed

my pride and learned calculus.

I was never more than a C student while catching up, but I was
reassured by the discovery that superior mathematical ability
is similar to fluency in foreign languages. I might have become
fluent with more effort and sessions talking with the natives, but
being swept up with field and laboratory research, I advanced

only by a small amount.

Fortunately, exceptional mathematical fluency is required in
only a few disciplines, such as particle physics, astrophysics
and information theory. Far more important throughout the
rest of science is the ability to form concepts, during which the
researcher conjures images and processes by intuition.

Everyone sometimes daydreams like a scientist. Ramped up
and disciplined, fantasies are the fountainhead of all creative
thinking. Newton dreamed, Darwin dreamed, you dream.
The images evoked are at first vague. They may shift in form
and fade in and out. They grow a bit firmer when sketched as
diagrams on pads of paper, and they take on life as real examples
are sought and found.

Pioneers in science only rarely make discoveries by extracting
ideas from pure mathematics. Most of the stereotypical
photographs of scientists studying rows of equations on a
blackboard are instructors explaining discoveries already made.
Real progress comes in the field writing notes, at the office amid
a litter of doodled paper, in the hallway struggling to explain
something to a friend, or eating lunch alone. Eureka moments
require hard work. And focus.

Ideas in science emerge most readily when some part of the
world is studied for its own sake. They follow from thorough,
well-organized knowledge of all that is known or can be
imagined of real entities and processes within that fragment of
existence. When something new is encountered, the follow-up
steps usually require mathematical and statistical methods to
move the analysis forward. If that step proves too technically
difficult for the person who made the discovery, a mathematician
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or statistician can be added as a collaborator.

In the late 1970s, 1 sat down with the mathematical theorist
George Oster to work out the principles of caste and the division
of labor in the social insects. I supplied the details of what had
been discovered in nature and the lab, and he used theorems
and hypotheses from his tool kit to capture these phenomena.
Without such information, Mr. Oster might have developed a
general theory, but he would not have had any way to deduce
which of the possible permutations actually exist on earth.

Opver the years, I have co-written many papers with mathematicians
and statisticians, so I can offer the following principle with
confidence. Call it Wilson's Principle No. 1: It is far easier for
scientists to acquire needed collaboration from mathematicians
and statisticians than it is for mathematicians and statisticians to
find scientists able to make use of their equations.

This imbalance is especially the case in biology, where factors in
a real-life phenomenon are often misunderstood or never noticed
in the first place. The annals of theoretical biology are clogged
with mathematical models that either can be safely ignored or,
when tested, fail. Possibly no more than 10 percent have any
lasting value. Only those linked solidly to knowledge of real
living systems have much chance of being used.

If your level of mathematical competence is low, plan to raise it,
but meanwhile, know that you can do outstanding scientific work
with what you have. Think twice, though, about specializing
in fields that require a close alternation of experiment and
quantitative analysis. These include most of physics and
chemistry, as well as a few specialties in molecular biology.

Newton invented calculus in order to give substance to his
imagination. Darwin had little or no mathematical ability, but
with the masses of information he had accumulated, he was able

to conceive a process to which mathematics was later applied.

For aspiring scientists, a key first step is to find a subject
that interests them deeply and focus on it. In doing so, they
should keep in mind Wilson’ s Principle No. 2: For every
scientist, there exists a discipline for which his or her level of
mathematical competence is enough to achieve excellence.

—E. O. Wilson

Harvard University, Emeritus
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Don'’t Listen to E. O. Wilson
Math Can Help You in Almost Any Career. There’s

No Reason to Fear It
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E. O. Wilson is an eminent Harvard biologist and bestselling
author. I salute him for his accomplishments. But he couldn't
be more wrong in his recent piece in The Wall Street Journal
(adapted from his new book Letters to a Young Scientist),
in which he tells aspiring scientists that they don't need
mathematics to thrive. He starts out by saying: "Many of the
most successful scientists in the world today are mathematically
no more than semiliterate +--+** I speak as an authority on this
subject because I myself am an extreme case." This would have
been fine if he had followed with: "But you, young scientists,
don't have to be like me, so let's see if I can help you overcome
your fear of math."Alas, the octogenarian authority on social
insects takes the opposite tack. Turns out he actually believes not
only that the fear is justified, but that most scientists don't need
math. "I got by, and so can you" is his attitude. Sadly, it's clear
from the article that the reason Wilson makes these errors is that,
based on his own limited experience, he does not understand
what mathematics is and how it is used in science.

If mathematics were fine art, then Wilson's view of it would be
that it's all about painting a fence in your backyard. Why learn
how to do it yourself when you can hire someone to do it for
you? But fine art isn't a painted fence, it's the paintings of the
great masters. And likewise, mathematics is not about "number-
crunching", as Wilson's article suggests. It's about concepts and
ideas that empower us to describe reality and figure out how the
world really works. Galileo famously said, "The laws of Nature
are written in the language of mathematics." Mathematics
represents objective knowledge, which allows us to break free of
dogmas and prejudices. It is through math that we learned Earth
isn't flat and that it revolves around the sun, that our universe is
curved, expanding, full of dark energy, and quite possibly has
more than three spatial dimensions. But since we can't really
imagine curved spaces of dimension greater than two, how can
we even begin a conversation about the universe without using
the language of math?

Charles Darwin rightfully spoke of math endowing us "with
something like a new sense." History teaches that mathematical
ideas that looked abstract and esoteric yesterday led to spectacular
scientific advances of today. Scientific progress would be
diminished if young scientists were to heed Wilson's advice.

It is interesting to note that Wilson's recent article in Nature and
his book claiming to show support for socalled group selection
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have been sharply criticized, by Richard Dawkins and many
others. Some of the critics pointed out that one source of error
was in Wilson's math. Since I'm not an expert in evolutionary
theory, I can't offer an opinion, but I find this controversy
interesting given Wilson's thesis that "great scientists don't need
math."

One thing should be clear: While our perception of the
physical world can always be distorted, our perception of the
mathematical truths can't be. They are objective, persistent,
necessary truths. A mathematical formula means the same thing

to anyone anywhere no matter what gender, religion, or
skin color; it will mean the same thing to anyone a thousand
years from now. And that's why mathematics is going to play an

increasingly important role in science and technology.

One of the key functions of mathematics is the ordering of
information. With the advent of the 3-D printing and other new
technology, the reality we are used to is undergoing a radical
transformation: Everything will migrate from the layer of
physical reality to the layer of information and data. We will
soon be able to convert information into matter on demand by
using 3-D printers just as easily as we now convert a PDF file
into a book or an MP3 file into a piece of music. In this brave
new world, math will be king: It will be used to organize and
order information and facilitate the conversion of information
into matter.

It might still be possible to be "bad in math" (though I believe
that anyone can be good at math if it is explained in the right

way) and be a good scientist in some areas and probably
not for too long. But this is a handicap and nothing to be proud
of. Granted, some areas of science currently use less math than
others. But then practitioners in those fields stand to benefit even

more from learning mathematics.

It would be fine if Wilson restricted the article to his personal
experience, a career path that is obsolete for a modern student
of biology. We could then discuss the real question, which is
how to improve our math education and to eradicate the fear
of mathematics that he is talking about. Instead, trading on that
fear, Wilson gives a misinformed advice to the next generation,
and in particular to future scientists, to eschew mathematics.
This is not just misguided and counterproductive; coming from
a leading scientist like him, it is a disgrace. Don't follow this
advice—it's a self-extinguishing strategy.

—Edward Frenkel
University of California at Berkeley
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