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The game of LIFE was inven 70 by the distinguished
British mathematician John Horton Conway. and it was first
pub"l') "iy' d":;:::::;:Ci"""T!;)f2d b:~/ r'1ar-'+..:.in Ciat'c!n;£'?("" "in h'''i:~:; llr"'lEithr,si'nat"jC'f:)'1 02:1'1"1 ..:':"':;;::"
column in the October 1970 issue of Scientific American. LIFE--a

(tf'18
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~) c3! +~ ~t~ r.~~~ ;.", ;~~:: /3 ('1 c!
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head of the Center for Complex
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pt~ospectsu As Step~lei~l Wolfram,
Systems Research at the Universi

described by a very simple set of rules.
A programmer supplies an initial s te, and from then on the

,-' u "I e :;;:; d (;;;. t f:.' :~ rn "r n IE:: ,:;.:;. <D (' h 1"1 ..:.:.~ :< t :~:: tat:.0.: ,In t 1"1 i ::;;; 1j'"J a Y'" L I FE. s :::;; "1 rn "1 "I a t· t ()
neural networks--in that both need only a set ot
analog of the weights and interconnections neural
initial state to proceed and find further states.
the rules of LI are very s mple; the resu ting
t~leir interactions are very complex and have

subset of a class of entities called

important fa t about automata is that 'they SllOW complex behavi

'These nterestirg characterist'ics,
neura networks, and the fact that LI

LIFE's similar ty to
an itself be simulated

on a spec alized neural network makes it worth investigating as a
::~;u!.JJ(~(:t '11"1 a n'2ut'a -I ne'Lv,.!o('k:~~,,:,: -j ,~(::::;:;;;"

vertical. four diagonal),

f" )
c~ () rl 'f 'i ~; C) 1"" (3 ..~

2 or) ta'j:, +:I;',i('

cells on a finite.
At any discrete moment

In such a two-dimensionalII C) I,11"1 11b nor"
e:.'fl h

LIFE is defined t
') rn e: (I ::::; "I ()nap a 1"1 \/") l t h

The rules are simple: at any given time t. a ell counts
t 1"\ ;E: n u rn ~') e t'.. (, f a "I "1 \/ e:. 1"1 ;£:~, '"j 9 h b~) r" :~;: 1f t.1"1 r::: n u rn be;"'::) f a "j "1 \i 2:: n '2: .; ~;i h 1-:;. () r" :::::
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it wi 1 be alive at t+1 no matter what.
I': f"'l t" ..S' :;::.;

J f t.r",e
If the cell has exact

9 h b ()(" ::~:
-j,
l....

be dead due to overcrowding,.

Let A = number of a ive ne ghbors of a ell at time t.
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A ---~~~-_._._-~ 2e 1 is dead at t + 1 fr-orn overcrowd rIg

represented Wit~1

but ,::::1 s'i in;) "i 2:t-'

es of thresho'ld gates that we have

,;;·c:·u d
()I/.; '1 f.:ft

combination f the standard
bf.':E:'n us "1 1"19
(··19ht)

Pascal on the IBM P
p ogram listing at end f report) was used to give a real-t me
demonstration of the variety and complexity possible in LIFE.
'l~ l'~"l ¢;;;: }:) t~' () ~:J ,OJ, <:'.:·1 (n ~~~:: '·...1 c> l..~ "t cJ <:3 v'j :~:. ~) ~~l \/ e· o~l 1"'1 :;;: o/i ~:;j ~"'1 ~t·1:, 't.. J~"l ~~':~ i:::1 C~:· £: :~~: ~r 1:.:;; "'1 "1 ~t E~"· :~: :s:. \N~1 '~1' f'
a more omplex neural net is devised--since such a simple
C 0 (1 f -j ~:i U r" a t 'j () n (: a n 'I f:: a d t C) d \::~: nl C' n S'> t (. a \:;;1 "I f: ,:;;: 0 rn r:r "\ e >< t'· fi: :::;; U t. 2: a rn {) r" E"

complex configuration should lead to very complex, p ssibly
usefu types of systems.

My program allows simulation ot a LI plane whi h is 40
h () j-' Z () n +;. ,;;:1 "j .;:.' ~? "1'1 2: !J j/ '5 \/ e t' t "j c~ a '1 (; E 1 s. Th :£::.' p t' 0 9 i"" ,;::1 iT: a, ~i :;::, h a
built into t various interesting shapes which the user can cal
up and investigate or observe--su h as eaters. gliders, glider
guns. and other nontrivial patterns.

F om the ~eced ng + 18 obvious that II 18 mere \'
a very simplified. spec alized subcase of a generalized neural
n 17,';' t V·J C, i'''' f: . E l) t "1 t c! '1 f ·r oS. j.... ::~; of I'" (> r1'1 t h ;£::: "i:;~' a "1 iT, C c! e "I V".! r£::. i") a \/ ;::-~. b fi: ,:::., i"i

in class in that feedback is involved (only in the case

Another feature of LI of interest to our p evious studies
s its shift inva ian A shape that is stable at one la on

the LIFE plane will be stable at any other place on the plans.
:::;; 1":0 r,S t h 2: rl:£:~' n t "1 I'" ;0: p 'I,,,!;] n e "j 2: h 'C) rn () 9 e:: i", 0 U :S': " Th (.;: n "1 f:: >< C :i;..' p t:i <> 1"1

this a 1ses in a practical s mulati n on a finite computer or
r"l'£~:~-Li l~' l:j j""i ii;;}.t. ~ -r r:~ V··J f~···i··l ;""1 "t, f··J (.:;.': f) "j 1::1 rrl ~~ !,.J.J 1 "~I r"~ <:':~ \/ ~~~':~ t: (:;:' i··l c;{ \,/ ;0." :E~ l ~t }nl ~~~~ !"~., ! I d (if.::. t:;~ (~ !!

:.3 (1 (~~~i E~ s: () r'- t~ I"h.) !"" ,;:71 ~) "w;:s! r'" {) IJ ('1 (if. t~ C) r"' \) (1 t~~ 1 Sj 03 () en E~{ ··t t":l .,
t\,j () 't. ~J 1 ""'i )' (f:l r~' :i~;, ~t !~"I ~~~:~ (' ;f:: ~;; -t 1::1 t:~:! ~l \0.: f:; C! ~L -t E.~ r-'" r'l :~; rj L... I 13 :=:; "1 i""'l r'l :~:~ I.) ;--"

Ii e: +:. :3 ·t h (:;.;;. i"" :0-' .01 (' e ::~; t I:::) b'j f.~ (-:) s'l'l V'j (::i t () i····y }::' a t.: t;8 1'''' (,i S:, '..'-1'1 t. h p ;2: ("j () d 1, 2,
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moves in any diagonal direction across
the plane (see my progr-arn or COllway's
chapter--included). Conway believed
the:) t t, h of:.' \i 0 U 'I c! b 'i.::: U ::;;: ',S d t c: rn 1:;1 k. :.;'2 ,::1

pattern of light that could compute-­
just like a computer. A stream 0+
gliders could, Conway easoned.
represent a stream of bits. The
problem was, however. to find LIFE's
ana og f a computer's lock--to emit pulses
Finally. Bill Gosper, from MIT's AI lab. found the
gun (see below--or my program or Conway's
ncluded). This oscillating, periodic shape spits

t h ;;;'~" :::;: 0 U t f"l ;.:;,~' as:; t d "1 (' fi: C t '~I <:.;. n e v 'i.:~ ," !;::J :if;;' n ~':;; j"" at") () n s:: ,

Bill Gosper1s Glider Gun

,:=i turn') (19

~;;:; ~"l {3 r::' !··1 ZD t'

Conway went en to show that--with various combinations and
~ llisions of gliders. glider guns, eaters, blocks. ships and
other esoter c entities--all the building blocks f a omputer
exist in LIFE (see Conway's chapter f more detail)

The subject of cellular dutomata--of which LIFE is a
::;~ U b :s e t ",w "'" h ,;.'1 S i'~ J£~~' ":: (:£' "I \i ~£, d I'll U C 1''1 ,;:1 t t, ;,~, n t "1 on, E~ d F (" :,Y:.' d 1<'1 n" ai F' i'~ () 'f e s-;; :3 0 i'''':) i"

80mputer s enCE at MIT was so interested in LI and thE
phenomenon of cellular automata the he set up a research group
(,,::::"1 "ie:.cI In'fo,..''rn,:;j,t'ic:n pllf:;c.:han'ic:::~; Or"CUi).. "/\, rne;:d"ica'l (",:~~:;:'i.0b!'''ch;'0)t'' in qht
investigate a substance by injecting it into many different
a rl "1' rn c·~ "1 ::;~~ ~ r I }"1 i£~:' :~_; 13 ~i' cj ~ I 1 1/;,.1 rS;:. ·'l rl \,/ E.~ :~:; ·t~ vi \~~ \:j, t: <:;;:: ~~: L) c~ t"j j) ~"l }f :;:; c.: (;it ~1 (: c~~ rl (,~ ~~~:~ F:' +.: S;; ;::1 +:, f"l l£~:.

conservation of energy and matter. or the passage of time. by
'/~atch"fn9 hov',; they V',I()j"'k ·in c1 'ffer-'ent un·i\i',0'::''''~£:e·~::: "

In +~h :;~-;;, S U i'nrnr,,;:;i'U' ()fl 9 a6 a c ()n f 'S~:i·· c~(1 c;: ::?, ()n c :;::" 1 "1 u'i ,;;) (' aut orf!,::l ta V"! 8 :3

h E: "j d cQ t pl1I: T .' Th rE' U S :i.::: f aut c rn 13. 1.:. !;:i ,::1 s:: (1'1 () de.' "j ::;;: f <;:. j'" e >< p '1 () r" a t "\ G' n ;:3 n
prediction in such diverse fields as economics. neurophysiology,
art pattern recognition, parallel computing, circui des gn,
evolution and physics was discussed.

Th;.:.~~, c~omp'le>~')t,,::/ (}'f LIFE z3nd c;s:,'I'lu"!al'" clL\tC;fnclttD ·j(1 q~:::n:'~~i";::j"I""""and

therefore the neural networks which can represent them--has
scientists that automata might even

After all, von Neumann has already
r" rE::}::' j'" od U c: f3 (a nd th·1 so: can b (0.' Si; h ()v",n :~:; f) E~'(: "I

s h 0 ~"J n t 1"1 ,;':1 t
(:~ t~t 'I l}l ~~. f~~
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