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$cik~r'bdafmdetk q g e &  rn mmprrdak a d a p n  
zha n we U Z o q R t ,  G m i v  boqwm&ed &iZkatiom and modern&ygmcldtip opz 

~~mpttbers m'I~p?dia&& nmer en& us tofiesee & j h r e  4~ dera&but w a&ht .!kanz tcJ 
cbn~'c+rate de kinds of events tJurt lie &aQ: and w&e to Cook fw i=&m tltat na&kwark 

I n about AD. 13W the be p p l e  abaodoned Lovg 
House Valley. Tb this &y &evdey, thou& beautiful in 
itswap, w m s  kouebed by desolatiou.1J.t NIJS eight miles 

more or less north to south, on the Navajo resewation in 
northern Arizona, jvst we* of the broad Black Mesa and 
haif an hour's drive isouth af a,toamt Valley, To the west 
L ~ n g  House Valley is b o d e d  by gently sloping doam of 
pink sandstone; to jtbe eask are low Cliffs of yellow-white 
sedimentary cock mwnd with a mist of windblown juniper. 
The valley floor is riverles& znd b o a t  perfe* &t, a a of 
b l u e g q  m~ebr'ush and g&asewood in s d y  reddish ihofl 
otnied in by wind wd water. %day the valley is home m a 
m d e s  Navajo fans, a few head of caul% seved electlid 
bwsmission tow- and not audh &. 

Yet it is not h a d  to imagine the vibrant fatming disniet 
that this once m The b a z i  used to caldvate the d e y  
floop and build their setdements on low hills around the 
v&$s perimeter. h a i n s '  of-their settlements art, easy to 
see, even today. Bsoause the soil is swdy and the wind 
blows had, not mu& stays butied, so if you leave the high- 
vvay and watk along the edge,af the valley Cwhicb, by the 
way, you can? do without a Navajo permit), you fpequwrly 
happen upon shakds of h a s &  pottery, which was 
eggshell-perffees and lu&oudy painmd. On the site of the 
vdley's eponymous Long Ho&atithe largest of the wcimt 
sdements-several anciewt swne walls r& standing. 

Last pear I visited the ~pqlley with two Univmhiry of 
Ariiona arehaeolo&ts, GPO ge. Gumerman and J&ey 
Dean, who between them ha 4 smdied h e  a e a  for f ifty or 
more years. Every w e  I pidied up a pmery Bhard, they 

a dated it at a glance. By nov they and other archaeologists 1 knnw ti p a r  deal about the +asmi of Long House Valley: 
appmimatelly how m y  wed here where their dWehigs 

3 were, how much water wak a h a b l e  to them for Eymin& 
I 

andeven (though here more gues$work is involved) apprpx- 
imgtely how much corn each acre of f a d a n d  produeed. 
They have built up a whofe prehistoric account d the people 
snd their lknd. But they d do nat know what w q o n e  
would most Eke to how, wbich i~ what happened to tbe 
Anas& mnnd AD. 1300. 

"1Eeally. weave been sort of s p h d q  our wheeh in the 
Last eight to ten yd Gumenum told me durlng thc drive 
up to the v&y. "Even though we were gettin$ more data, 
we haven't been able to answer &at question." Recently, 
bowever, they eyed sorncthhg new Unable to interrogate 
or observe the real Long Home PalIey h a s &  they set 
about gowiug ardftdal ones. 

MR. SOREELING'EI NEICKBOBHOOD 

G 
rowing artificial soacties on cornputem-h xi&&?, 
so to &-wquks quite a lor of compving power 
and, dl more bnp- some sophisticated modern 

p$opmning language% 90 the ability to do it is of mecent 
vintage. Momvec, d c i a t  societies do nor belong to any 
one aeademie d i s u p l i ~  and their room are accordiigt$, 
di&~ult: to m c e  Cieasly, however, one pioneer is Thr ias  
G. Schdbg,  an economist who created a simpie a&iCial 
neighborhood a genedon ago. 

Today Schellirvg is eighty yeam ald He I& y o q e r  
&qri his age and is still astie 4s ap academic economist, 
currently at c h ~  Unbmity of &byland. He and his wife, 
Alice, live in a light-filled house in Bethesda, M a r y h d ,  
where I went to w h i m  one day not long ago. S d d b g  is 
of hedimn h w t  md slendee, with a full head of icon-gray 
hais big dear-hmed exegksseg and a mild, soft-spoken 
manne-r. Use most oxher eeowmists Tve dealt witb 
SEhelhg ctrstomarily d d c s  about &erp:day pesslom of 
coUectme otgmhation m d  disorganization, such ag luncb- 



@om sew wd @c jams. He tee& to not& the ways 
in vhi& ~rompllim~ed so& panems can:=,- wm w b n  
h&dd people W fb- pery Wple rules, and hw 
t h . 4 ~  patiefns caa.mdd:enty ar even merse as k u g h  
of deiravnamrd. Yeam ago,whenhe *tt@t.& a sewnd- 
floor dassropa, a k  5-Q he no.ticed &A* both sf the 
bd&$s m o . ~  sm&wellu-one at the frodf oF,&e 

the o&a at them-were jammed during.b* 
wirh sxUamts Laboriously.jo~~past ,ose another in both 
d&t@@. ~Bs e%pe@qt, one day hg aBked &s l0:Oo 
&.a Class tobe& ra?&pche b a t  stairway up and c8e"back 
one down. Ttmmk abolrt dnee !.iap,; &$eU;ng told me., 
"betore &e njne a"& &s Igamd you sho.& atwap~ 
come up the Erom the elmen o'&& dm$ &* 
w e  down the ba&stainm-withont. so far PS S&&g 
hew, say esplidt imtr'uction from theten o'eloek das % 
tbb& they justforced the wornmodation $ drwging the 
rra& panem,* Schdkg said 

In the 19@a,b b &t&W.@tl in sewgated neigh- 
;horhorrds. 1:t was easy & America he n d w d ,  to find 
nei@oihoodstbt s+&e mostlY~@ m~&?IyblaoJt.'qw&% 
am3 c o r r e e ~ n ~ ~ c a l t  to Fuul nerghborhoodswhere 

nsadewp mom &,",& d&tatal. 
"fhe &@ptioa" he wte h 11971"is so U-#ha.$ that it is 
vhtually a:&oice of two extreme& The; mi& of ooms~, 
be b w i  a Wulr of wide,wd &sm. bm SdreUing: sw 
pcaed o ~ Y h d  an k&@lie &me,'!&tyou 
&dg&al@fi& ~ o n ~ ~ ~ ~ ~ @ t ' a p ~ i f  

yo" prtpeopk %ether and jsst k f b  intwad' 
One day .h the he I9668 cm a flight Qlica$o to 

Boston, he Found himself wih no*. re ma4 aod began 
,,doodling w i t h p ~ a n d  paper. He . b a s t m i g h t  lineand 
then'*populatetI" tt witti Xs md Ck 'n~ben he d e d  that 
.ea& X ;md 8 wanted at least two opits nearegt n&@ors 

b e . a f & , a w n h & a a e l h e b e @ ~ ~ ' ~ e m ~ ~ d  iil 
ws that would make moreof them mntent with the 
.nei@eb.d. *It *as dew epi.6: he tul4 me, %t by &e 

off me plme in &,ston, I hw ed* 
hueresimg%pjihP,@th~me,hemdhisddwaon,acoin 
coltectw, aet out cqpw aevd &c pemies (thelaw were 
w e  reIics) on a@d that resembled a, cheekedb~ad. 
"We'd lo$ around and 5il a pewq &at w& to move 

aod@zl~e out mhrm itmeit to move to." he said '%kept 
,.@ng,~'~s& that ,I f0un.d guae 

To see what happens in rhis SOTC of :&rial neighbor- 
hood, look at Piwe 1, above, which eontahs a se&s of 
6% @@wdf@@ a @.cheh$-s@le colnputer &nulation 
.apaoe.d hr the.praposes ofthis wide. (AU &e iIlmmtiona 
h the anicle a& faken from anim&$ &&I-society sim- 
uldions &@ yw 164 view online at the "agazIoe?s Web 
site, atwwiv. he;l&accom/rau~.) You am 10okine;do~ 
on an astificisl dghbop-ho~d wnt&hg two l i in&.oSp 
ple, &e a d  ~ l t &  with-for g~plim$~ =&-no blang 
spaces cthatk.~%~use"is occupied). The b o d  wraps 
around, so if a dot exits to.rhg,right, it rt!aApeam w &e l& 
ad fit &@ at ti@ top, it reatecs.at t& BOWQ~. 

In the h r  h e  bl.fie9 andre&.ae m d d y  dim&- 
uted. But they d6 not &y &at w e  for 1% Be@&$e @& 
ag-enf each s imubd p o f ~  is eibawenrric %*jh tlie 
e a t  is hap@ odpifits fgur n&st ndghbem (one a each 
point gf rhe compass) isJude at least a & uurabm oT 
qewafirs rn color. Inthemdofi dbwibudotz of&- 
m e q  agents are utsnhappa.and in & of may it-ns-in 
wkch a wapwez essenti* dues what S&*, and his 
son did as &q~ mm.d c@s am& their gid-unhappy 
agents are allowled to switch place. V q  qwMj @ame 22f 
the rads gravitate to th& neighborhot& @a a E s  
semnds htw .&e s,epg&on is complete: d s  and b l w  
livehi wo &ct distsim~mme 3). ilsterthstthe border 
bm@m the climimsAnp& stiiFts o liale as rads and blues 
joekey to m e a w a y  from the bound;uy (Enme 4). 

Bacause no ttoTI f ~ $  h;epjlL &om the same random 
st&g poinr and because eaeh agat'smoves & k c  every 
subsegusxft m&e, rn l ~ r ~  m. am fili.& but tbis one is 

Vhw I &@looked at it I thou& I mwt be seeing 
a model of a wmuaiey full of ra&s. I assunted (hst is, 
#&at each agent wanted tolive ddy @ong.,n~ghbo@ hf i s  
own color. 1 war mmg. ln tfie .siwulation R e  jujl d e d e d ,  
eash agentt se& ksdy m,o mi&hots of i'ts owxi coloz 
!&a€ isi these "peoplem wodd d be perfectEy ha@y in an 
.inteped neighborhookhalf wd, halfblue. IF they were 
re& they mi&; wen swear that cheyvdued &e&y; 'IBe 
reAatim ,&a* jn&"idad p&erenceg ro a ~61- 
ledve outcome indistinguishable how thorougiigoh ~ 

~ 



rdspl might *uprise the& no 1e.w &in iteP~Qurpri~dd 
d many yeam ago, ~ 0 ~ ~ 3 c h e ~  

In t& opdnectioq, Ujok ar Figm 4 above. ,%is; 
time the agw. d o+ obe e&@r of &eir own color. 

e sw&66$j b w s  ktha randm &&nlion 

(Fsw 1). TAis timi s o ~ & $ ~ ~ @ ~ e e a ~  mi%- dawip and less 
starkly. B.mt it does pmeepdl bh'eut a third of the way. 
through the simd&on, -19 e&c Cl4gt@S Me 

ro be in ,& tninorityo t& %&at , d y  to. 
woid being:mmpkielly dotie. &.&would no daubt regard 
itself ass mxld of tphicfimd, n&* the fonnaton of 
color dustem, mi& c&n&+ &It B fdt ~f @her *gents 
must be.mdm. 

S&$&ig's model hp'lie:il @at ,itre Graplplest of m- 
cieties .cowid praduce oa mes &a were @hdtan-Iy 9.' ~, . &rlg und ndteYde& mmrnes that were in z~o sense 

I 
accidental but d@.b no v$e delibe~atc Tikc &$&play 
oFin&vidual U&tiices, where ynrg@ed seWedvn?s 
cogcerne&& a *tqp with colkti~e ri?snlts that 
bear no ,dose &tion to :&k OhdividuaLhtwtt, 126 WIV)B in 
196%. & o&eses-~ti&& eqk, & &is wt~?mdy crude little 
world bo+  in&vidudp' &eat does u ~ t  Qt p u  to 
fmsee the s o d 4  ou tcoy  and knbwing the 6 0 d  out- 
come do- not g i ~ p u  a q a y & e  picaup: of i@iv&I& 
Intent. Furdie~more, &q gsdlike outside observer- 
s- 0.r & or you-$ no more able go bmee &at 
will happen ,m rhe a$eumis them~elves. TIE ,only way 
cb &over ~iuhat paem, if q, dt emeQ$ from a ,@en 
s&f Nles and n particqM &r@ p,o*t i? to move tbe 
pennies around and d b4 resul'tB; 

S & W g  moue4 M to dl&@ $nbjects lQ t!& 1WG. h 

a wrnputersiao- 

hinting at ~ h d u t c d  sod were, however, isobted 
$ma& a d  tor rhe nezt or mom tke &made ce- 
m-d 

$ucaRsam AND BBYOND, 

I baueeflke space at The Broobp ~ t u t i o n w h i J 1  is., 
& &ldea of w n ' s  S k e  it ,om 
of the more sraid places in @ ~ " n , ~ i t  Was p@b.&lf in- 

witable d m  1 w d d  norife Joshua Epateb. E p ~ i n  k &' 
&po&, wi& a aild tnft of @yinghair.aboire.@&.e~ a' 

,mwd %ace, and tfre son; of- & w a r  mamw ihas b h g s  
ro @ind a Sairrcl. ~atriak's Daq p d d e  mtm readily th& a 
; W B S ~ I I  think ta& T o  ImF  he wareel, grim%& t@,a 
8m~iucks sew@ one rlay wkm w.e went out far coffee. 
"geap yoqr W f0am.P' hpnb who noti* EpWis 
smn likely to emamhbet t  BaeU,.his,eoll&,~r and 

ego. A p m e j . e  d, m g  & &n&m- 
ics and public peep Axdl is ofmedim height. quiat.aud 
a s m k d w e d  as ,Epstein is lioktemus B e n  he speak, 
. be  &wards spill sut so q&& and unemphstically that &e 
U ~ n e r  ri1~9t~n~~tally iasert sPxera b&em them. 

Eptein was h,om in New Yo& City and gr6w up irr 
Amh&r, Bmachusetta IrGs father was a Io@m and a 
philasapher. of ~@eAcq. Nodefhelesq %stein nw'w man- 
aged to finish hi&. &ODL :kamd he sot &to .roUe$e m 
a piaao, allwon an4 & %ompo&ine; a o P & d e r -  
mupie piwe% ended up s~ahing to the study of mathe 
m&.,a~&poJjti& emnoml. % t0.a &D,in:,poW 
science in 1981 .W @W a p W n  %t Ihm!&g& pips the 
&den &at he was ik?xiwted by r~&&~dels, 
Oae day in tbe early L9SOs, when be was &ing a taIk 
&& his:Rlodel of awes mws,be metbt& vwho was d m  
a gaduate ~tudenr. He. wound up bfinInging :hell so 
&okin@* in 1982 

Not long after, Epsein artended a c o d e m n ~  st &e 
&nka Fe Iirst@gtc-~W6sd 'gs ,a pf@se?ing center for 
mxesnch on '%om$egiy." the gv~eratjo~ :of spon~aoue  
o*der a d  *te paw :See&@y shplt? &&. 
At .Santa Fe jus! i ten ,a bigsubjw was nrtillcisl life, often 
d e d  A-life of thew& svas abwt c o d  neefs, emlo@ 
@g,@g th' js thatlo&]& tree$ $mwiog &&I&. 
like %o&s 6f has ,  do418 of 55h wnab and so od Fp 
st& mld doe. '!hd Itbau&t, jem &y don't we .q tqr use 
thege teebi-pe to grow socie@T he retrmped 
to BToohge aud ulddiscusaed tho idea with &.ell. 

?here btt~wed rhe &&le "pkin m a n e  when the 
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Nature isreplctewichsuch mystwiouslycvnsramstadP 
tiad Felationshfpa "Power lsw~,. sdentists call them, be- 

next percurbation is unpredictable but w h w  behavior, 
newadonaLageBcaleandaver~foIIawsoertainpat- 





picked off. Bp F m e  3 blues and greens have separsted, 
with violenae flaring along the borders and blues pre- 
dominating. 

Epstein has ran this simulation counties times Erom 
'fFerent randam &&,g piah and it turns out that nei- 
ther cotor enjoys an inherent advantage: blues and greens 
are equally likely to p m d  with the outcome depending 
on random local events that tilt the balance one way or the 
other. No two rune are quite alike. But all are the same in 
one respect: once a side has attained the upper hand, its 
greater numbers allow it to annihilate the other side soon- 
er or lam. InBame 4 greens are con6ned to a skgle ethnic 
enflave (the boaom of the fiarne wmp~ aruund to join the 
top), where they huddle in beleaguered sotidaiq as blues 
wnrinue to a l e  at them. The rest of the s t05 in Frarnes 
5 and 6, speaks for imK 

Epstein then added a third element one that mi&t be 
of s p ~ ~ t o  the United Nations: cops or, if you pm 
fer, peacekeepers. In F+ 6, above, cops are represented 
by bIack doe. Like other agate, they can "see" only in their 
immediate vidnity. Their rule iS to look around For active 
agents and put them i n  jail. The less hotheaded agents 
wi l l  bebave peaceably when a cop is nearby, so as to avoid 
-st The result is a markedly &rent situation 

In Frame 1 a- and cops are scattered randamly, and 
rhe bolder agents (in add) are wtting upon their victims. 
'When they commit murd er near a cop, the agents go to jail. 
Even so, the cops are initially overwhelmed by thc sheer 
quantit~ of viohee, and in Jbmes 2 and 3 an enclave of 
embmled p e a s  forms, just as before. Now, however, there 
is an important diffemnce.. the enclave is stable. Once rt has 

dwindled to a c& size, the cops are able to contain the 
violmce by m & i q  arrests along the bordep. ,As 1- as the 
cops stay in place, the enclave is safe Bur w h  if tho cops 
are withchawn? The result is d y  the same as what hap 
pened when peasekeepem abandoned enclaves in Bosnia 
and Rwanda In b e  4 the cops have all departed. Again, 
Barnes 5 and 6 speak for themselves. 

I dodt think Pnt alone in hding this d c i a k  p o d d e  
6% ibe oolmme, of mumq ia d.lilling; bqt what is at Ieaa as 
spooky is &at such eomplimted-to say nothing of hnikc- 
social pa- can be pmdoced by miodless packets of data 
following afew h s t  ridimlously simple des .  If I showed 
yau h e  iuutration8 and told you they q m e n t e d  genw 
ade, you might ?It assume you wrae svekg a sfhematic 
d w a m  of an actual event. Moreovm the model is d+ed 
without any element of imitation or communication, so 
mass hysteria or o~gauized effort is lit& impossible. No 
agent is knowingly copying his peers or foUowiug the 
crowd; none is ~ollsciously organizing a self-proteftive 
eoclava. All the egeuts are separate$ and indMdually re- 
acting ‘*rationally"-awarding to rules, in any case-to local 
conditions tbst the ageam themsehres are rapidly altering. 
As hotheads begin to go active, the odds that any one 
misbehaving agent will be m t e d  decline emboldening 
more-timid agents nearby to an up, redacing the odds of 
mest st3l further, emboldeningmore agentq md so on. As 
in real Me, the violence, once begua, can spread mpidly w 
cops m ~vawhelmed in one neighborhood after anothar. 
Although the agents are atomized and disorganixed, the 
violence is communal and coharent It has form and diFeetion 
and even s sort of malevoIenr Ingic. 
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never met George. And he said, 'It remind8 me of the 
An&.' I said %at the heck is that? And be told me the 
s t 9  of this &e that klomidaed in the Southwest and 
suddenly vanished And why did they suddenly van&? I 
&ouglx, %at% a faseinatieg qu&nP 

The greatest challenge for A-society researchers is to 
show that their &&up worlds hear on anything real. 
Epstein asked Gumaman if he had data on the Anaaazi 
and Gumeman replied that there were lots sf data, data 
covering a span of centuries and reconding, year by yea& 

trends. and more "I thought, j e d  Epstein says, " i f - u s  
aotuaI data, maybe we m amally nemmd this etdhtion 
compailtiody. 1 came back all mciped and told Rob. We 
built tbis ten& in a computer and we litedly animated 
this entire kisrory, looking d m  on it as if it were a movie. 
We said, Okay, that's whaa really happened. Ler's tiy eo 
grow that in an agent-bad modeL Let's create little cyher- 
An& add see if we can equip them with ruIes for &inn- 
+ mop* ma- under which you jwtleave them done 
with the envimment c h & g  as it trdy did, and see if 

At aBrodiings eanferencvlast yew, where Epstein pre- 
sented his artifrcia rgemoad% Alison Des Forges wm in at- 
tendance. Ves Forges, a senior adviser to Human Rights 
Watch AErica, is one of the mrld*s leading authorities on 
the R m d a n  genodde of 1994. After the m i o n  I avked 
her what she made bf Epeteins demonma6on Meither she 
nor anyone else, Epstein iqcqded, believes that an m y  of 
little dots explains the Rwandan cataclysm or any o&er 
real-wolid evenf; the mry notion is i s y .  What the simula- 
tion did suggest to Des Forges is that dis-te social 
bxeddowns, in widely separuted pacts of the world, map 
have common dpamies-Wing Rwmda, for mstance, to 
other homr~ far away. She alao told me that Epstein's 
demommtion reminded ber cfH*rm kiUema artaok on Tnt- 
sEs who had gabxed on a h d a n  hilltop the toxhes 
the Ems, the killing workiqg its way up the hill. 

CYBER-ANASAZI 

I n 1g94 Epstein vent b+& to the Sama Ee hsnstrm@ this 
time to lecture on Sugmeap" He told me, Y came to a 
m in the Sugmcape that we called the Pmhbhry, 

whieb w s  really tbis made-up toy histary of cmilization, 
where it stam with some ]We soup of agents md they go 
ta peaks on the Stlgarsqe ?ad coalesce inm tribes and 
bavelota of kids axi tbisforcys them down in between the 
peaks and they smash &to& other tribe add t h y  hme all 
this assimhtion and co& b d  nd &is other st& And 11 
showed that toy history a typically udikly Sama Fe 
coILeILeCtion of archaeologis@ gsd biologists and phyaicis@ 
and I said h s  this m"Ijld of anything reaIY And 
a hand ho t  up  and it was Geprge Gumerman's hand i: had 

I 

they teproduce-grow-the me, observed history?' 
Grnmman and Jeffrey Dean (and several other schol- 

ars who joined in the effort.) were equally interested for 
reasons of their o m  Some s- believed that drought 
and other environmental problems caused the Anasazi to 
leave; others blamed marauders or internecine M a r e  or 
disease or c a l m  as weU as drougkt The "&Urnen* had 
waxed and waned ever since the 19QOs. 'We've thought 
the environment -8 import an^^ Gumezznan told me, 
"and other wchaeologists said chey didn't think it wae that 
imponant and h a t s  been the level of argument mtil 
now.? The proapect of growing &dal h a &  in cyber- 
space suggested a new way m get same m&on on the 
question. 

So they created a compur&ed replica of the Lone 
House Palley euyironment &om AD. 800 to LD. 13.50 and 
popuhted it with agenms-in this case, di@ farmma. Each 
agent represents a household add is given a set of what 
h e  scholars believed to be &tic zttributes; family siae, 
life-spans, nutritiod needs, and so on. &ecy year each 
&cia1 household harvests the corn on ita land during 
the growing season and draws d m  its stocks in the 
winter. If a household's land produces enough corn to 
feed the famil5 the f a d y  stays and farms the h d  
again the next year; if the yield is ins&cient, h e  family 
moves to the nearet available plot that h k s  p r o d $  
and mies again; if the family still cannot eke our suste- 
nance, it is removed from the simulation. I have simp1ig.d 
the parmetP;Ps. which allow far the form++tion of new 
households, the hi& of children, aad so on. Still, the 
are fairly smightforwacd, basically directing the ar&dd 
An?& to follow the hawest and to leare or die off if the 
land fa& to supporr &em. 
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w M  g& aiga , , ~ ~ . .  , !! %& 
:?m&@ cw&$mm$ SF& ~ , i % d  @= d M - m  
f & m a ~  .& t & & d g & & & .  w-m ' i.. $&& 
&q$j~:&igJ& d'k@&@@: 
dk &&s h'&..&tdd: 
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