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Neither Digital Nor Analog :
The Case of Graphical Monte Carlo
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Program in History and Philosophy of Science, Seoul National University

ABSTRACT

In the first months of 1947, Stanislaw Ulam and John von Neumann conceived a way to
estimate the behavior of neutrons. Their idea was to repeat many times tracing a neutron’s
path, using random numbers to mimic the stochastic nature of neutron reaction. This scheme
had several traits inherited from the calculating activities during World War II at Los Alamos.
A sphere or a circle was the shape of the modeled physical system in their scheme as was in
many atomic bomb calculations. Its working procedure consisted of the numeral operations.
This scheme got named “Monte Carlo” before long, underwent intricate development and
diversification, and has acquired many faces. It is considered at least a (class of) widely
applicable numerical method(s). Sometimes Monte Carlo simulations are practically regarded as
the dealing with another Nature as Peter Galison showed recently.

What I call ‘graphical Monte Carlo’ was a feeble but implicative thread of Monte Carlo
activities. In the summer of 1947, Enrico Fermi visualized the operational procedure of Monte
Carlo estimation. He replaced the numeral operation with line drawing. Marvin L. Goldberger,
then a recent Ph.D. at Chicago used Fermi’s graphical scheme to investigate neutron and
proton scattering in nucleus, which could be easily represented by a sphere or a circle
Goldberger’s paper in 1948 was the first published one that used the Monte Carlo method,
though he never used the term, “Monte Carlo”. His paper was severely criticized. However
some others defended, improved and used the line-drawing scheme presented in Goldberger's
paper well into the middle of the 1950s.
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These graphical Monte Carlo calculations did not fit into the received dichotomy between
digital and analog. According to the contemporary authorities, digital calculations use numerals
in various forms as the medium of calculation whereas the analog ones use continuous
quantities. The lines drawn did not correspond to any numerals used in Ulam and von
Neumann's scheme, the graphical Monte Carlo calculations’ digital version. The length and
direction of the lines corresponded to those numerals, but the length and direction of the lines
were not the medium of calculation. They were the results of the working procedure.

The graphical Monte Carlo evolved largely isolated from other Monte Carlo activities then
growing in number and scope. Those who used “Goldberger-type Monte Carlo” method did
not cite Monte Carlo other than what Goldberger had done, and their modifications of the
method were not thoroughly reasoned. Their selection of the parameters of operations that
obviously might have influenced the statistics of the results was not explicitly based on
statistical consideration, though their works increasingly emphasized the statistical quality of
the results in various settings. On the other hand, their verbal characterization of the method
was often incompatible with that of the cited literature on which their explanation was
allegedly grounded. These suggest that a peculiar form of calculation method can be
transported separated from that method in general or from the previously attached meanings
and justifications.
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& 2ol 8H BHANM o] BAE FAd: AT, 049 AT FALEIL ol g9 e
M 97t wA GRE Ao FAHHEH, 2L ‘2 dERAE FUY AFE FHAIE £Ho]
‘WA AR WA Aol E BHAI/ YT AT ol ez RE A “HERA 5740
A F8&E 7EA 7y o oA APAE APER7] WiEo|H2 L dSRAE AN X Yol digt
Abaldel). Q8= A9 8 AbA.

g2 detrzdME 19449 JFHE 19459 BE7hA AR "EREF 471771 Ak oo disiM =
Hoddeson et al, €<l # % Lillian Hoddeson, “The Discovery of Spontaneous Fission in Plutonium
during World War I1,” Historical Studies in Physical and Biological Sciences 23 (1993), pp. 279-300&
g 3.

Lillian Hoddeson et al, Critical Assembly, p. 345.

wolure 149 149 #&8AF e (Office of Scientific Research and Development)d] & 8483
(Applied Mathematics PaneD9 331 & injolA B9 HAE Bl v = gy 9=
olo] A(Harvard Mark 1 A471& = ¢dstn doh, 74 22 2eHz(HHo] A7) A
Zolqth), ZEulof gzt HE AN & LR Ad Yol diEte ENIACE AYstdtt. xolgt
& 8% ENIACY 53¢l oy gxd ¢ 234 (Aberdeen Ballistics Research Laboratory)ol A
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AP AR, o] F HFH L FAHAN $8F ALE vk F5L AL wolgte] A& A
3 ENIACY T8% 827t vtz 344 F4 #AAL Adste Aodohe Holdh woure
19459 2 22 s HEZIYa 2dy T G Wa A — FAHNE

AR & A — & ENIAC ol sl8 RS A<dstz, 39 ENIACY 259l o] &7
dd Bxed A A¥A(Aberdeen Ballistics Research Laboratory)S M Edled A gelmx
29 A4 EAE ENIACY A%s AlE Ale#(shake-down test) A2 A& A st shx g
ol AL AAe] g wW7A] FHl GA HEY A0

3. &6 22 Py 54

19459 7he 22 Getmze) A4S WA e AHZ Fopgeh 9¥el ¥ BelxUol o
% s Qdds Answ 3 SUAY 22 YRS YA WAR DA @S AYE 9
AT, gEEE A7 qRes A2y dESEALAY A% 2o dRes drsd
FHHA AR FARG A2V B A ATHoR 2x Ydmad FEslz
AT, AEEEAAL wolto] ALRY AL TZAEE A% Bshe

MEegEels Fol ENIAC 44 Qaus AMe 298 AL 19469 1190 Soindr B

A AN o Axkel A9 Gl277A 6AY o2 4 AL o) Aol 508 BANES 129
Wrkx 677re) AYATOl WRY FEE Ay BFE BHE AQAT FRORE 2 A
WEol AFF P BFHAY ARoIAT. BT AN BRE FAE A BEH PEL
22 2eheag) gRShE) ENIACY A4S} By s Hole ol we
P4 W 2% @ & A9d WEZEels 5 ENIACY AdARE AME WA

A A AdE FulEEE Ao|th3

g3 LTS A QA Ao 0B g %%1 At FA e F Al E Yol thFte M= vt
22 gz w9 A FEY BEE Folny] JEADG HHol e a3 AL
AZFo d4 Hgd Ze @AY £ ZHA W}L 2o HFss WtER Y gFe vl
A ENIACAAHS BUis 22 derA2 71 WEZE HolTh 3 MEZZa A

2 1
s
A

AC)
>
1o
oL
o
o

44 R‘} A el AME F oM JIAE ZivkEot A8 oividd S Adeivel diE 2o @
€ 2931 9 W F=2Edd dsg JirdA ENIACY ZAE U49ktd Naney Stern,

From ENIAC to UNIVAC: An Appraisal of the Eckert- Mauchly Computers (Badford, Mass.: Digital

Press, 1981), pp. 71-72. ¥ &¥ <& 194 & mo|wtd 2 A7 ¢ ol #AES dislspdA “of &

AFolm ¥ dFRY FAAAE F487E vk S M. Ulam, g9 A, p. 155,

Metropolis and Nelson, @9 2, 352 % William Aspray, John von Neumann and the Origins of

Modern Computing (MIT Press, 1990), p.47 “18]3L Stern, &9 ¥ pp.62-63. o] Ao} g45H AL

1945 1299 YojAdth W o] A2 19708 Y AW 53 4$olA ENIACH oigk 537 Ad=

19474 69 169 ol™ell oln 11d o4 ENIACe] AAz FTHA ddos dFol HEHAQ7] wf&ol

ENIACe] did B8 Y aetn Mag 247 JAd.

31 Ulam, &9 A, pp. 172-173.

32) F 308 F=.

33) Ulam orel A pp. 174-175.

34) &3] e mEW, YFo art & HE2E WERZre WELE TA &0l B AgdA u
4 ARE AZFo)A FheA HAHEr 4§ Aodvn o AAZ ae 9H& NBIAGE 9, 4
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Aate) Alkel] thei M= DA AFekA Fkout 2EE 22 dtRx FR WE AAE 7w
itk HY F 32 AT 84 A 88 gAY ¥ AAsd dRvY 2 A
A 288 2] AFE A 28d F 28 22 dEEAZRE 19463 490 e )3
ool FAe ek 83 & Wi o]F Aol FEHUTGR AHT LS FREE AT

194613 49 18-20o] Z2AH A YR 2oX dY HI‘QEHE AF Agd 77 A+58
FHASE Aded, = 238 29 “Super(dl == eyt 39 27 dREG vy
" Al grFol A3y 19del= WEREZA Fo] 1945 Bl A FMeg AN Anst

A

2HH R =oHAT o714 £¥S HFOoZ ENIACY 7h5A T A FAHeR
gy 5 9Zg AL AAAEL 2 AL oE “Super’7t fEEtE £og dNEge
U g Mg F22 AN FAd 2" oY 7t 9ed AAHE qE S 234 B ¢
& e Aol oo AL AHZE g s F 2 ¢ #@43HA Ao
é}c}“ Aoled, ol 67149 Eule 50vrae] HAFE aga g Aad AT oA
ol Az AME i}ifﬂ Aduac E8 o BFEE A4k £330 ENIACSZ o] A4ke 3 #
o] AAAEL 4T & AT 3o F Y& A AFE FolAd B2 gy
Z Eolgt datE 8Ho 71740 St

R B 2Ed OA ol T 2 AYdBoldd 232 WA
—H—»&cﬂi e do(EA e Fl= AYE st FolR A= wjdE ATHow
o el MAT v HFo £F 2L o839 B9 F£E A $YE Aeddd
E7led e, 23S A A4 A As(EEE ND 2ol ddHor Aild 5
o] TA3A7] WEIAU A LY & do] PAW /L AL £ H o
oy 249 A gv 7= gy £5 AW AgHoE AYde £ gES &
WH%‘%M a8 o A3 FEGS 1 FE YAAW Hox 19 FU)HE F

J

S

P L
247 5 U9g AEEE Fesdth I a5 28 $AS WE e AL EAdE
A48 ¢ U Ao AAAATLH F of ARAA TH Habe vAY BERL FAY
2HE BEAAY FYHOL At sl

e o Aol oY) B A5 PHoR HAHEA WHE 71ES WA L3t 8

ARk 27b 19468 Tl AAE AFHd wolntell A A4l A4 % olob7| PotE AL EWst

©uE 194690 2Y(molub)et distetttrt 2 SEA ko] shsdcn AL
s 1AL 27 AR AE Bln 2A HRAA yulE 2 o AYd
obF 71 EE FollM doh - 2¥d vE 2 H o EFo| o= vy AN
Wb F& ojobr1E ReA 2587HA 7198 - o] tiE olF Y 1 WY
o #&& &4 ALt W BZoE 24 ERE olFo] o] HHE FYA

o] GaaFA Azl gk Ulam, €9 3, p. 177

35) Peter Galison and Barton Bemnstein, “In Any Light: Scientists and the Decision to Build the
Superbomb, 1952-1954," Historical Studies in Physical and Biological Sciences 19 (1989), pp. 267-347
% pp.279-280. & ©] AAME 714 Richard Rhodes, Dark Sun: The Making of the Hydrogen
Bomb (Simon & Schuster, 1995), pp. 251-2558 & 4.

36) Ulam, 99 #, pp.196-197. &aldlojx Folzl 1= wide] £ #&o] AYde AR 7&d F#
T FFH oz ¥e FFH A, €% 93 AL AR e
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7ie d & 71948 & A g2, -

ZYE ojopr] AAR A & AL Ax F YAHUAAT & 2A(EH FEE)0
2 99¢ [2Zdde RE] ALCRE W7t ol Ad g2 AFHA ARE @
7] 93 8¢ d(computation)o] Avtyt HeAd e FAH FHE AF3)
WA F o A5EUA DA, 2v TS vk ofF Aoz o] YE
€ 4882 75N =8 Vel AQES ST ARG

o] g7t AFHolAT 9T £ AT, ol Aol HEH#AE AL REe F4A
3t 19479 = 93 xolwto] & AR 29 gE FEENA FFI A& A9 FEH
£ 7ok ol ohlE dA(EE 24T FEHES ol &3t BA Fol AtE A¥yste 7
Holdrh 1947 39 7Y TUXAYY ot 2 AR A0 g3 Entoloj(o]& BE HYah
ot I drtd A 2A GER20A dY Aviye] dis) ZA FEaEA 27 AR A
HAE FEeAT® 495 D5 HANA o|vh2 AV7F o] At Ao wet “F4
2 &t 8 4 2AE 27 A TAH WS AT JheAd tis ®ol(good deal) A7
Htwdl,” "A7sd AAges of Al dX¥d AHel Adna FAldA AU 1 A

o] HAY gREL TAA AN 2¥H HAE Jled Aot 2y FAFZLER Yol
A FAE GAdT Aol :ed AL HAE Vesr] AFsgEd, 28 FAs A2Y
FA 8 g FAAD Aolddh. Ao FAF AN E “GA A7 (active material: AELE B
4), “Z4 A" (temper material), 28] “Z&A"7} 4P ¥R o AU 27 ALY P
e T FAAN FAAN 94T 5 Vo UL F He AL dUo] FHH HE
Aok 1 FAAE FAMoR dolrt &% FHAA vjA ‘FE s dRAL doNAY
AFHAY E5HAY FE F 259EH £5E uFde] FHEA g8z AFHAW 2
=8 WA vAY 9 FHAAN AE wrg FFH9 ARE AwEE BFEEL 42 FHe
st 22459 4E3 vged H9HAG ol FE8H AINEE A A& xovhe 3
F42t9) 13] v g 7709 GE EF3H

TAMCE aF 570¢] Weh 79 darh Ad A= §F A& FAHA VYR U 5
Mo Wre FAAL AAG F249 HE, FAF F42 Alold A, FA4AY $F5HE &%
a3 FAA E9d F 52 NS0T o] £AES VxE 1 FAAY Os FHGAY
HMP)E Aldtstd FAE HAUAY £271 00l B FARMAAANE)E Astn, 1 gES A
HA7t=o AL £ FolA ¢lo] Eo]AY A 7Y b5 e 2 HAAF= How 139
Aito] 85 E FEAT o9t R HAE 10019 FA4AEC 47 #HE 10089 whes

37) Ulam, < 3, p.199.

38) John von Neumann, Letter to R. Richtmyer, March 11, 1947. ©] #H=%]7} 21l & “Statistical Methods in
Neutron Diffusion” LAMS-551 (April, 9. 1947), work done by S. Ulam & J. von Neumann, written by
J. von Neumann & R. D. Richtmyer 8] ¢F&o] H%U1, o] A= S. M. Ulam, Analogies between
Analogies, pp. 17-36%1 ASHAI(HZE ASEANA). €32 < 30d F ¢ 22 gelLrd Eol2
2 gwt ¢k"l A T oW Auy 228 Fed, 2 F UF Ao FA 2dH sE2dxn ByA 2 29
el @ Aoldtt 3t9€ #olth Ulam, &< &, p 195 49 24 19 F AHA Auyrzt =
olgte] gl EnjolojelAl AFF 1 APUE FEHHATN dAd¥ F= Qv Edo] TF AujvE FA
22 deR 2o mjF Egded AW ‘8FAH ANuES AeR FEdn
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Asl B S92 G4 2 F4 FAE HEE F AL Aolgt ot FAHFAL

L0luhe 27|17t 7led HAZRE HEB(computer)d Al F A AAIME o HA] A A
s d g Aolgtn AFaFEAN, A 1 AL ENIAC AdA #8188 AR}t A
A AR AL 2E A7 ENIACSY 548& d57d & Aoldnh ENIACE Azte] 2.3 Ze
B 29 #0348, 2ads 55)9 @ Addes A A @z, e SvE $5RES
"4 ®(function table)etil B B9 Ao A4 thf Hag g¢g 9o Bolv Fx
k3 ghd o] FuEA] e gteol oY “gFH"d AFE I9H #ES Waksd o &
g AT wo|we of "R " FAE oFv EFEY FE AT FF GUAR 4 F
Zbol 71 BFEC] 4 &, 28l 7759 AAS AZE F Aot AAEAG. olgA H4
FY AN HA S P vdozx WA UE g e ALY "#FRTE uHdo] 7R oEA
FH AR BAGE A2 AT a4y FA4 HhE AME & UAdY. T4 Ak AL
TAE A9 BR8] gEo] wojvke #4d #7] FRU2 ENIACES HAAE & d=As § 9
wA Rotok A olut: ¥ FA §1& Aolx I HAHW 100749 FAAVE 10034 FHe=
19+ 9] wk3-& Aitete o oF 5AIF A7 4 Aojgtn FAstAth Alite] B¢ F #HA g
CES HAIE BF70 dol 54 2UE UEIE BAFEY 8 AW FAAA E¥ U
3 st ARE 98 Ay wolre A HT

wolghe o)dl Nog FAE HEE 4 glvtnw AFsHUAT, 27t AAse BAE FAA
e Aol ofvdth 1= 4R AFS FLsA Fude
F FA Eo] WYE 3] A A EUG T aE
Apatel Aetgt B¥o] AU S ] 3tk "HAF == 8079 =28 AT & e,
wolwke] At By e 7Y F 570, 5&kel <l b 7TE AgEPong BT 702tE]
g AHgsidd. & JUo A 102 & A3 4 4AE 9 AAs pEEr] 93 b Alew
o]l g8 & vk At 17} ofE FFH Mcle] oA BA FAFA = ERAW AN+
TE g uEY dR2d ug s F3 Az 23 FAAE 4A FEE £ 9, FAE g8
579 gz AW Fe A FAAYY FE—HAEZY 2 9PLY Ad - 3o
oA FA EFAE F Advia AFsoh

olgte] HWAE A defR o] "3 A4 E2S By YoFH3, 19 FERo oE
AE ARG AMEE JATHAD 49 29 = 23| Entolojrt R kolvtdA €& 3T
g, o] 93L& 22 dEn A FoA wojghe] FERT F o A8 AL 1AL S &
oj&t}, g Evlelojs BFEA 7 FAE "G4A ZHEA “BEA"E EF XTI A
o] ofel & Fzto] & FHY EAHE olFo vty HAAE RS ALEAY. 53 EFEF
o2 olFold "GAA" FAF by 2392 o] FofF "ZAHA" Fd Ao Je YL AT

A
24 dogy FUY AL B
o

39) ENIACE 370e “g+8"8 2tn ANx, 2479 “g§5F"F 104709 12218 €218 AZE 5 AU
ENIACS Tz d# 7€ oy 7157 9ot H H. Goldstein and Adele Goldstein, “The
Electronic Numerical Integrator and Computer”, Mathematical Tables and other Aids to Computation
2 (1946) (IEEE Annals of the History of Computing 18: 1(Spring 1996), pp. 10-16°] A &) o] F &)
23

40) John von Neumann, Letter to R. Richtmyer, March 11, 1947. S. M. Ulam, Analogies between
Analogies, pp. 20-21.

41) R. Richtmyer, Letter to John von Neumann, April 2, 1947, ¢} Hx7} adl& “Statistical Methods in
Neutron Diffusion” LAMS-551 (April, 9. 1947)2] £ o]t}
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iz, ol YA TSR AYY GAXD elieh. £ e Esleloit @ FAAL AT
= 352 279 FAAA ga Bt 2 Aol ope, FHAN FA 2 FHAE 7
£ 4SS AW AW 2 4r % BAZ ALH bR g Ak Asidth o8 &
WAL gl B 9 BFAAL ALE o AW, B A2 F AdNE 92D v
o F0H RETE A ¢ F Ax FHol YAdu AU JHEctoloi ol AAT AN F
Ae vhd A% AL 4 PR Adssels A% st
wole] WA s Evtolojel gL AFY F "FAA Hyo] B ¥
o2 Fof 22 gHprdd 44 BIAZ YUY BY AE2 B
9 Aaola AYTolUY o] HIAE wx g¥Y A4 AEZ WAL AFUAAY, 2a @
s QAATIE BE AR FRE RGL WESEALL £ TN 3o & AE
gl 949 Aol Qi A Ao} $FF wolnY Ao F, W
e

—%% “t(transport phenomena)S FWUE Rl “EH 71E2"2E 2

2 t}ad)
423 wo|uhe 1947d Ab7ld A dste EXE wWEE GSES AME d ws 9=
v 5 24 AEZ A4S 1EE o6 E AYPsEAT, 2 AN b2 AEd 4 Y ¢
)

ENIACE #5XQ dMdy &7 &% A7 4% A(Aberdeen Ballistics Research Lab.)
2 £7171% AAo] YA oju] 19469 114¥ 9ol ENIAC a7} A &EH7] fEojrha) ofuiwd
A ENIACS 7413 AzdEE o 19473 79 29478 2% Aejoll SRR, vz o] &8 #
AT ENIACO] eimide] Ak A4 39 Atez AgtHolvn 22 YHY AFEHE
MEE7) A e AoArhd WEZ L2 e Fetg] wo|tH(E Y Fl)o] A o] 2L 1948
d Zoop hAHNAY. Aok wolvty HEZZE]|AE A ENIACE AME3td 4 UﬂEE—i%
A7F "9 ZH ER"Ha 2 AMES A £ UddY F 99 o] A Ex
19473 Bol neld HEF FAEo oty AFE W TASoIUT. 2 AN FFse % ]
A ex ¥ WelA ZARAY Y AnEH oA ge AololM, EH FAERI 47
&8 Aol dF5E Aoz AAFH G

FE ZH NE29 G840l YFHY] olHo oln FI} MmolvhE zAEY WHE I3l
3 Aasty] ARAsIAT 15 19479 99 2-597 oY it G w3 £83 oF B
Aol FAste] 3Yel zAANEY mete] thE HAEFAY 2 S WA L 22 AFEn
Adoll AME EHoA FFZ LFFI = 252 YA FAHAE AY AFEA F3 v

doﬁ:P,‘_'.

42) 914+ Ulam, Analogies between Analogies, p.179 €% A9 FAMAM, =3 #& & p 169
LAMS-551 X AR #A2% 4.

43) N. Metropolis, “The Beginning of the Monte Carlo Method,” Los Alamos Science Special Issue (Los
Alamos, NM; Los Alamos National Lab., 1987), pp. 125-130 % p.127. ©] Al7] 2& <R 26 A EH)
7122 o] MLHE AAHAA 2T 98E 3 £, kot WEZZE 2~ #Han F &£4F4 WE
2Egage] o i HAE Y &3 FEL 19 Hx A4 FEH BEN AU A
o ZFEQRT] g Fo AwrAQd Ao g ey WEZZelxe FHo| {fAdLh add 19 3
A TAE AA7]7E AL Ui BHEes 2 JER PPy FRE 9l gl w3

44) Stern, 9 #, p.62.

45) N. Metropolis and J. Worlton, “A Trilogy on Errors in the History of Computing,” Annals of the
History of Computing 2 1(1980), p. 54.

46) N. Metropolis, “The Beginning of the Monte Carlo Method,,” p. 128.

47) “The Summer Meeting in New Haven,” Bull. Amer. Math. Soc. 53: 11(1947), pp.1100-1133. & &3}
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T eSS ?6}71 oA 2y JEER WHLEZE W @& 4& F vz FH3IA
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£ g gelsin M2l vuY JPgon gdRe g Fsed Aol Aus

AQA. 1930t 2hol A BEANE ol &3] FHALE P AN - LAY Aol n
= oobgui 49 AT APAY 2AE Ul FEE0 AUHT AL EAF Wy
AHEAa FE7] Jlvhele Bob 2k nEaul GAS ANlS dud BAY BE FEE
9 AT Aol DA A2 AEE DAY S0 el wkd Azvk AE
o Hwe A4 dwed @kn, 219 FREE A=no w4 T ¥Hd S Ay

BE & A
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27 e AH s 4% A iaet nzle @ #oz ojFold dd RoATHIH 2)

[+

i
rir

Lo|ule] wEd *E “On the Combination of Stochastic and Deterministic Processes. Preliminary
Report” £ p. 112001 Ael ich o] 228 o YoM 52 2FH AE F 71 vFd AFd Ao
pea=s

48) Ulam, Adventure, p. 200.

49) S. M. Ulam, “The Monte Carlo Method,” June 29, 1949, Stanislaw Marcin Ulam Papers, American
Philosophical Society Library.

50) Nicholas Metropolis and S. Ulam, “The Monte Carlo Method,” Journal of the American Statistical
Association 44 (Sep., 1949), pp. 335-341

51) J. H. Curtiss and E. F. Bekenbach, “Symposia on Conformal Mapping and the Monte Carlo Method,”
Science 110 (October 7, 1949), pp.350-351. “NBSINA," Mathematical Tables and other Aids to
Computation 3 28 (1949), pp. 545-547. G. E. Forsythe & R. A. Leibler, “Matrix inversion by a Monte
Carlo method,” Mathematical Tables and other Aids to Computation 4(1949), pp. 127-129. A =22} “a
Monte Carlo method" @ B8l fod A o] FHRE &H 71E2 P o FH7F dvke "34
o] £&H7| AlFstddh F 3 FE

52) N Metropolis, “The Los Alamos Experience, 1943-1954,” Stephen G. Nash, ed,, A History of Scientific
Computing (ACM Press, 1990), pp. 237-250 2 p. 246.
53) Herbert L. Anderson, “Metropolis, Monte Carlo, and the MANIAC,” Los Alamos Science (Fall 1986),

pp. 96-107 ¥ pp. 98-99.
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NRET 134 od Holue FARNEY WAYL YL T oA B5E AN 2HD
JHE BA S EE AL AF2 BRIV TRAA B 5 A B A 4
ooz Y A9 FANA FU® FAA A 230l AE WSl 2L,

o9} e FEE FAAER FAE BAHNATE A, FAAL TAHAM Edei wgFo
2 g8k ?EE}L A, AL AYrte i3S A2 e TE F a8n FARgE
44 sty e AAE FHATE FelM wolwte FEG %}9— Aot AT F 7HA
Hoj A vy FRE wolwe] A @it @4e HEF FASA FulvH WX o]

B8 949 ST PE 84S ol8de A4 SEE A HRAY, AZoIE $44
of X2 9X D&} A% T AL B AYse AL 34 deseit. £ w0l

& "R (sheldolet EES AN A7l BYol AA FAAY 3HAAYE FEARAL, A=
0= BA'E Fo] Yol agezA TR0 HAA AFH B EHFE £HI A
fael Adolgs SaA Azole TEE FHAL ¢ 5 WA, Ade B Az
cale BAolgn & & YAD. wmolwe FEE BAE Foj7 2 ojgA FANEY 4E
Fe 5L HoIgoRA VI U@ BA Fol PUE Foplt Aotk 1P Az
Ao =Bl Fo]E Hol: AL FAAY uE FAAY zold FEIE Aol v £%
9] & FA7 Hole ulAg zoj7tA FES A¥MBE ARG ¥ E&HoUY FHY diA
AAelN HHoZ wE RE WdE BEAE oA ¢gdrh wolttx AA AN HAE
g gole A7 via FANN EEE AANY FAAY HAE F A Weves 3F
g4 ot 238 FA'E e oz HAE2r9 FEE HEE 797@34 £4&
A =
wolwte]l TRoME FAZ AL AAE dAAYPE BF vhd 3o HAg=A HY FEE
& g dolXof EHate vl FAAEY % FFe 5FE FA4T F U W HE

1

54) N. Metropolis, “The Beginning of the Monte Carlo Method,” pp. 128-129.
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v PrE A4 AHE AAHoR gelsty AF 18 Yrte Hoz H7] g 2}
d ol FAREY A5 S ABH2R o Y F YUY "ol Mo HAF BRE FAHA
of da] AMNE dEgHoz IPY JakE QU A =F ddte AUt dojivn B
H AAEA AT 72 AU, AT g8 PFS BoAY fd3 BHE ne FAHAE
SAEH 1859 ARG %JZZ“’:TE' FHE 2 A} AYt A =5 e oy #
i 2 EHE ol dREoV|E ETh HEN Fro X g o]FE 13 o H
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58) R. Serber, “Nuclear Reactions at High Energies,” Physical Review 72 (Dec.1,1947), pp. 1114-1115
(Received on Oct. 13, 1947).
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60) M. L. Goldberger, &9 &, p. 1275
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65) James Hadley and Herbert York, “Protons and Deutrons Ejected from Nuclei by 90-MeV Neutrons,”
Physical Review 80 (Nov. 1, 1950), pp. 345-354 (Received on Feb. 16, 1950).
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