i
Broadview
www. broadview.com.cn

SURREAL NUMBERS

=

(] D. E. KNUTH

iy

PEARSON

1)
5l
ek
y




— SRR T AR FRI R
HIKBT LIRE=EHHE

>
il £
SURR D. E. Knuth %
NUMBERS -

% F 3 4 & AE AT
Publishing House of Electronics Industry
163 -BEJING



nAEE N

BRI EYR K. “EEMTZR” B4 (Dopald E. Knuth) 7E 20 42 70 F M /EHE
B E E A T i ERRE R — R PR S W AR RN . 215U —XHER B AR E
EBLHEAL, BT B TEMHEREMERRRMERNE. EEES, A8R0RRT
FEHREE LA AT 2SRRI G S HREE. 3030, Ml Y. B8, RSSERE
BREN R BRI . ABTLUEEREEEENREEE GHENEFRIHERD 1 CRAKEY
HIEIRE .

Authorized Adaptation from the English language edition, entitled SURREAL NUMBERS,
1E,9780201038125 by KNUTH, DONALD E., published by Pearson Education, Inc, publishing as
Addison-Wesley, Copyright © 1974 by Addison-Wesley Publishing Company, Inc.

All rights reserved. No part of this book may be reproduced or transmitted in any form or by any means,
electronic or mechanical, including photocopying, recording or by any information storage retrieval system,
without permission from Pearson Education, Inc.

ENGLISH language adaptation edition published by PEARSON EDUCATION ASIA LTD., And
PUBLISHING HOUSE OF ELECTRONICS INDUSTRY Copyright © 2012

ENGLISH language adaptation edition is manufactured in the People’s Republic of China, and is authorized
for sale only in the mainland of China excluding Hong Kong and Macau.

B FE S XER ST HAER S EHTHRERATHE R A& FE-F TR IR TH
BKKEl CRAFEDEFEE. ®ETHREANFEGEHE) fERT. R8T, FELUEA
FREFHRPBERPZ I RESHAN.

24 R A XUEERISF Pearson Bducation 3§ 4 88 AR I EOLB th ks, TAREE TEHE.
MALETE, R,

ML 5 A RIS B 01-2011-8101

EHERSE (CIP) ¥

R E: NESHR/ (%) &g (Kouth, DE) #; #ig®E —dbxt: s F kR, 20121
F4 R : Surreal Numbers
ISBN 978-7-121-15553-6

. OB 1. O @fF- I OiFENRSEEEEY V. OTP3-49
AR A B B8 CIP HiIE T (2011) ¥ 264437 5

HRigE: B O REX
HEHE: BT
EpR: AGIT AT SCNARENR
FeiT: =Ja I EEENRI3E T A R A
WAREAT: ®BF T HRR
LT R R 5% 173 E4 % 100036
FFA: 787Xx980 1716  ENFK: 1275  FH: 132 TF
EN¥R: 20124 1 A 1 IKELRS
EN¥%. 4000 At Ef: 4900 T

AP ERF I HEHESERARE, ERMEBERR. FHEEHk, FE5REETHEK
%, BRERMEIE: (010) 88254888,

FREHRFERIEE zits@phei.comen, HREF AR IFE R Z dbgg@phei.com.cn.

R% k. (010) 88258888,



»_ oo
HETE FF

B JUFERHFEARR 2R T 28T, B2 MR B L TAT
BIF T — XL, BRI A AMIE L8l 2 B EER A,
BRECLEH T S EFRAERR, OMREHAN AR EERRIE
FHpar TARBCZ LR , R E S Sh = S 1.

LI BRI, FHR AT WS i 2 B €038 A 1
¢, WRBAT—EHLRWEFEMEE, BEMRAST SEN—HH
TRERFH R RO , AR RE AR R R | A= IRk, AL
R

o TR e A R N A B SR KT, e T L B AR 2 A T
RBBFBR , S BETIEARKAME S0k, B 2= MR K ETZ
2, M SN GHEIERRHTZAR) , FRE 2 RNEER
MRS LR

BAREIHFE B, A 38 SEHTS M —ATHEBCEPI RN 33, Bk
TESRPAERS P EEY ., BRE, 2R R, SRR T A
U BR) 5 BRI L s BB AN R, JFORE S RE LM B RCRE | B
FEAEL SIANRERIN A RHEBESRRIE T ARINBR TR B
A BEMAERZ %,

PR — T s AR T A (BRARAT A B 5, A HRE
#. BENEENXAS, RAULHAEE I HUELERE SR Tl SRR
B, ANERHER EARIMERTHRATHE SNERME, AiX
ANENX B, ABRRSORA (IR ZE)  RE IS

MTLesE, i AR S B TR AR LA, XEFER
HEEBRED  EBRRMBRBETTIASL, R PERKZEF IR
B, (HBEE, RUEIADFERARAAERR SHE, Wi
Fo

e, FOLBEA BREAR S TR SR IWAEENLTF— B

Rz 1!
G QA
P2 BRE R
WO A R R
2011 4£ 12 A 1 HF4bR

iii



PREFACE

Mathematics is the science of patterns, and I especially like the
fact that we can use mathematical reasoning to deduce amazing con-
sequences from only two or three simple rules.

One of the most beautiful topics in all of matheratics is the theory
of surreal numbers, discovered by John Horton Conway about 1970.
A few months after he told me about it, I decided that it would be
fun to base a short story around his exciting ideas. Just as an opera
consists of wonderful music together with a bit of a plot, I wanted to
describe this wonderful mathematics together with a bit of a plot.

I was living in Norway at the time. In January of 1973 I rented a
hotel room in downtown Oslo, near where Hendrik Ibsen once lived, in
hopes that I might thereby capture some of Ibsen’s spirit, and I spent
six days writing this little book. On the seventh day T rested. It was
the happiest week of my life!

Now, almost forty years later, I’'m glad to see that people all over
the world have enjoyed this story so much that they have translated
it into many different languages. I have been reading many accounts
these days about “Doctors Without Borders” and “Engineers With-
out Borders”; I like to think of myself as a Mathematician Without
Borders. For thousands of years mathematics has been a worldwide
enterprise, appreciated by people everywhere, and much of this devel-
opment has occurred in China. Therefore I'm especially happy that
this book now appears also in the Chinese language. (Also I'm pleased
to note that the translator’s name matches my Chinese name ‘Gao De

'Na’, which Frances Yao gave to me in 1977 when I was first invited to
visit China..) ’

I sincerely hope that Chinese readers, young and old, will en-
joy discovering the beautiful mathematical patterns that Conway has
bequeathed to us.

Donald E. Knuth [Gao De Na|
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. Actually, Alice, I've been thinking about the same thing. These
past months together have been really great — we’re completely
free, we know each other, and we feel like real people again in-
stead of like machines. But lately I'm afraid I’ve been missing
some of the things we’ve “escaped” from. You know, I've got
this fantastic craving for a book to read — any book, even a
textbook, even a math textbook. It sounds crazy, but I've been
lying here wishing I had a crossword puzzle to work on.

. Oh, ¢'mon, not a crossword puzzle; that’s what your parents

like to do. But I know what you mean, we need some mental
stimulation. It’s kinda like the end of summer vacations when
we were kids. In May every year we couldn’t wait to get out of
school, and the days simply dragged on until vacation started,
but by September we were real glad to be back in the classroom.

. Of course, with a loaf of bread, a jug of wine, and thou beside
me, these days aren’t exactly “dragging on.” But I think maybe
the most important thing I've learned on this trip is that the
simple, romantic life isn’t enough for me. I need something com-
plicated to think about.

. Well, I'm sorry I'm not complicated enough for you. Why don’t
we get up and explore some more of the beach? Maybe we’ll
find some pebbles or something that we can use to make up
some kind of a game.

. (sitting up) Yeah, that’s a good idea. But first I think I'll take
a little swim.

. (running toward the water) Me, too— bet you can’t catch me!

. Hey, what’s that big black rock half-buried in the sand over
there?
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. Search me, I've never seen anything like it before. Look, it’s got
some kind of graffiti on the back.

. Let’s see. Can you help me dig it out? It looks like a museum
piece. Unnh! Heavy, too. The carving might be some old Ara-
bian script ... no, wait, I think it’s maybe Hebrew; let’s turn it
around this way.

. Hebrew! Are you sure?

. Well, I learned a lot of Hebrew when 1 was younger, and I can
almost read this. ...

. I heard there hasn’t been much archaeological digging around
these parts. Maybe we've found another Rosetta Stone or some-
thing. What does it say, can you make anything out?

. Wait a minute, gimme a chance. ... Up here at the top right is
where it starts, something like “In the beginning everything was
void, and ...”

. Far out! That sounds like the first book of Moses, in the Bible.
Wasn't he wandering around Arabia for forty years with his
followers before going up to Israel? You don’t suppose ...

. No, no, it goes on much different from the traditional account.
Let’s lug this thing back to our camp, I think I can work out a
translation.

. Bill, this is wild, just what you needed!

. Yeah, I did say I was dying for something to read, didn’t 1. Al-
though this wasn’t exactly what I had in mind! I can hardly
wait to get a good look at it —some of the things are kinda
strange, and I can’t figure out whether it's a story or what.
There’s something about numbers, and ...

. It seems to be broken off at the bottom; the stone was origi-
nally longer.
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B. A good thing, or we'd never be able to carry it. Of course it’ll
be just our luck to find out the message is getting interesting,
right when we come to the broken place.

A. Here we are. I'll go pick some dates and fruit for supper while
you work out the translation. Too bad languages aren’t my
thing, or I'd try to help you.

B. Okay, Alice, I've got it. There are a few doubtful places, a cou-
ple signs I don't recognize; you knox;v, maybe some obsolete word
forms. Overall I think I know what it says, though I don’t know
what it means. Here’s a fairly literal translation:

In the beginning, everything was void, and J. H. W, H.
Conway began to create numbers. Conway said, “Let
there be two rules which bring forth all numbers large
and small. This shall be the first rule: Every number
corresponds to two sets of previously created numbers,
such that no member of the left set is greater than or
equal to any member of the right set. And the second rule
shall be this: One number is less than or equal to another
number if and only if no member of the first number’s left
set is greater than or equal to the second number, and no
member of the second number’s right set is less than or
equal to the first number.” And Conway examined these
two rules he had made, and behold! They were very good.

And the first number was created from the void left set
and the void right set. Conway called this number “zero,”
and said that it shall be a sign to separate positive num-
bers from negative numbers. Conway proved that zero was
less than or equal to zero, and he saw that it was good.
And the evening and the morning were the day of zero.
On the next day, two more numbers were created, one



