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AssrRecr
Complex adapt ive systems play a major  ro le in
the theory clf reciprocal altruism. Starting wirh
Axelrod 's  celebrated c(r lnpl l ter  t ( )L lmarrents,
a wide var iety  of  computer  s imulat ic lns sholv
that  cooperat ic ln can evolve in  populat icns o l

sel f ish agents,  both wi th d i rect  and indi rect  rec ipro-
cation.

I (ey words:  rec iprocal  a l t ru isrn;  evolut ionary

l lames;  Pr isone r 's  Di lemma game; evolut ion of  coop-
erat ion.
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IurRonucrroN

Most of thc major transitions in evoh,rtion consist in
assembling r-rnits of some type to fornt a new,
hierarc l - r ica l ly  h ighcr  ent i ty  (Maynard Smith and
Szathrnary 1995).  As a ru le,  the reproduct ive poten-
t ia l  is  monclpol ized by a minor i ty  of  the prcv ior- rs
uni ts .  This  is  most  notably the case wi th mul t ice l lu-
lar  organisms,  where only germl ine cel ls  t ransmit
the genome, or  wi th colonies of  eusocia l  animals
having large proporticlns of sterile wclrkers. This chan-
neling ol reproductive opportunities entails a close
relatedness betlveen elements of the higher-order
uni t  and enables cooperat iorr  bascd on k in select ion.

In human societ ies,  however,  rvhere cooPe1.11i11n
is ubiqui tous,  there are re inarkably few indiv idual
inequal i t ies in  reproduct ive potent ia l .  A few poten-
tates have managed to obta in an a lmost  unl imi ted
control of their cclmmunity and to sire scveral
l-rur-rdred offspring, br-rt these are exceptions that
occurrecl at a late, and probably transient, stage of
cul tura l  cvolut ion.  Both in  modern mass socic t ies
and in bar-rds of hunter-gatherers. social rules tend
to level  reproduct ive opportuni t ies ancl  to  prevcnt
the establ ishrnent  of  a g lobal  contro l ier .  A l though a
large part of the services and tasks performed within
households can be explained by kin selection, rhe
bulk of human cooperation is based, not on related-
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ness,  but  on rec iprocat ion.  Not  genet ic  t ies,  but
economic exchanges,  expla in the cohesion of  hu-
man communi t ies.

This impl ies that  ind iv iduals col laborate only i f  i t
is to their own good. The rnathernatical framework
for str-rdying the economics of interacting egoists is
ganrc theor)/: nlore precisell ' , that branch of game
theorl ' lvhich is, somcwhat misleadingll ' , called
l-roncooperative game theory [cf. Binn'rore (19941].
The ternr noncooperative means in this context that
players cannot negotiate binding and enforceaLrle
agreements.  Such p layers can never theless achieve
cooperat ion,  not  by the command of  a contro l ler  or
by cleference to the Lrenefit of the group, but by fol-
Iorving a myopic set clf mles evolved to optimize their
selfish interests. Thc challenge lies in showing how
they do it in spite of the ever-present lllre of defection.

Robert  Tr ivers ( l97 l l  was the f i rs t  to  suggest
reciprocation as a basis lor mutr.ral assistance in
animal  behavior  ( inc luding human behavior ;  and tc l
discr-rss it in terms of game theory. More precisely,
he in t rc lduced the Pr isoner 's  Di lcmma ganre to br ing
the problem into focus [see a lso May (1987) and
Boyd (1988)1.  T l - r is  approach rvas great ly  erpandcd
by Robert  Axel rod and Wi l l iam D.  Hami l ton (1981),
who appl ied evolut ionary game theory [see May-
nard Snr i th  (1982) l  to  t r topulat ions of  p layers en-
gaged in many ro l lnds of  the repeated Pr isoner 's
Di lemma game against  randomly choscn coplayers.
Already at this early stage, contpllter simulations
were esscnt ia l  to  fo lkrw the comolex nonl inear
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clynamics of the freqr..rencies of strategies subrnil led
to natura l  se lect ion (Axel rod 1984).

A ftrrther decisivc step was taken rvhen Axelrod
adapted the genet ic  a lgor i thnrs o[  John Hol land
(1975t  to s imr-r la tc  thc ef fects of  evc lh, r t ionary t r ia l
and error. This r'vas the first application of gcnetic
a lgor i thms to a genuine evolut ionary problem
(rather  than a tcchnical  opt imizat ion problenr) .  I t
proved par t icu lar l ] '  sr :ccessfr - r l  because the b inar l '
coding of  s t rategies,  ust ra l ly  a moot  point  wi th

SCnct ic  a lgor i thms,  was st ra ight forwarc l  (Axel rod
1987 )  [ see  a l so  Axe l rod  (1997 )  and  Eps te in  and
Axte l l  ( r99611.

This succcss led to many fur ther  invcst igat ior . rs .
including the effects of noise, exte nding the menory,
a l lowing for  a l tcrnat ing moves,  in t roducing rnore
complcx statc- t rased st rategies,  increasing the num-
ber of players, changing the payoff structure, restrict-
ing the in teract ions to neig i rbors only ,  addressing
cont inuous vers ior- rs  of  the ganre,  and s()  on.  We
present a short sllrvey of this field, r.vith pointers to
the b io logical  mot ivat ions behind these var iants.
The basic  message is  that  deta i ls  mat tcr ,  but  that
cooperal ion robust ly  emerges l ronr  a bot tom-up
approach based on rec iprocat ion.  We f inal ly  dcal
witl-r indirect reciprocity, whicl-r is, accorcliuq tt '
R ichard Alexancler  (1987),  the b io logical  basis  of
human moral  systems.  In th is  setup,  an act  of
assistance may be returned, no1 to tl-rc donor, but tcr
a th i rd par ty .  A model  based on thc stat l ls  of  thc
playcrs shows that  cooperat ion can cmerge even i f
any two indiv ic luals  never  in teract  ntore than Oncc.

This br ie f  survcy concentrates on papers c leal ing
wi th pai r lv ise in teract ions and using evolut ionar l
s imulat ions.  This is  cer ta in ly  not  in tended to denl '
the importance clf other approaches tct the evolutior-r
of  cocrperat ion [see Dugatk in and others 19921.

Drnncr RncrpRocATroN

Thc Pr isoncr 's  Di lemma (PD) is  a two-player  garne
where both p layers havc the same two st rare l l ies
and the same payof fs .  The two st rategies are C ( to
cooperatc)  and D ( to defect) .  l f  both p layers use C,
both gct t ltc reward R for mutual cooperation; if both
play D, both get rhe penal4t P for murr-ral defection; a
D player obtains the temptation payoff f for unilater-
a l ly  defect ing against  a coplayer  who p lays C,
whereas the coplayer receives Lhe sucker's payoff S
lo rbe ing  exp lo i t ed .  One  assumes  I>  R  >  P  >  Sand
2R > T * S. The first condition implies that D
don.r inates C,  in  the sense that  i t  is  bet te r  no n lat ter
what the other player chcloses, and the second
condition entails that joint cctclperation is better
than sharing the payoffs after a unilateral defection.

Players have to choose D i f  t l - re1,  want  to maximize
thei r  payof f ,  and th is  y ie lds the payof f  P,  rvh ich is
less than the reward R for  mutual  cooperat ion.

In the repeated PD game, p layers have to chclose
simul taneously,  in  every round,  whether  to p lay C
clr D. There is a constant probabil ity w for another
rouncl ,  so that  thc average length o l  the ganre is
random. The total payoff is given by I,4,,w", where
.4, ,  is  thc payof f  in  round r .  The st rategies for  the
repeated PD can be arbitrari ly cornplex, bLrt in a
bio logical  contcxt ,  i t  on ly  makes sense to consider
strategies giver-r by simple knee-jerk rules, l ike Tit
For  Tat  (TFT which p lays C in the f i rs t  round and
then s i rnply  repeats the coplayer 's  prev ious mclve) .
The f i rs t  lesson f rom Axelrod 's  compl l ter  tourna-
ments was that sr-rch simple rules, ancl in particular
TFT,  morc than hold thei r  own against  rnorc sophis-
t icatcd st rategies lbasecl  on stochast ic  opt imizat i ( )n,
f  or  instance )  .

Complex adapt ive systems are r - rsed tO s imulate
ar t i f ic ia i  societ ies of  p layers cngaged in repcated PD
games.  In Arel rod (1987),  s t ratcgics werc consid-
ered that  p lay 'ed C or  D depcnding on the o l r tcome
i l f  the prcv ious three rounds.  Binary s l r ings o l
length 70 coded them. For  every new generat i ( )n,
tl-rcsc strings were subrnitted to point nlutation and
recombination. The players then engaged in a round-
robin tclurnancnt, accllrrrr-rlating payoff points that
t ranslated in lc l  number of  of fspr ing forming the
next  generat ion.  An in i t ia l  increasc in  defcctors was
ol ten fo l lowcd b1,a reemergence of  cc loperat ion.

Bendo r  and  co l l eag r - res  (1991 ) ,  Nowak  and  S ig -
nrund (1992\ ,  and I (o l lock (1993) havc consic lerec l
thc in l lucnce of  noise,  which is  par t icu lar ly  d isrup-
tive in a society clominated by TFT. When onc allows
only for reactive stratcgics given by differer-rt propen-
s i t ies to p lay C,  depending on the last  move of  the
coplayer ,  one f inds that  cc loperat ion ernerges based
on a to lerant  ru le cal led GTFT (Gencrous TFT),
which reta l ia tes only lv i th  a cer ta in probabi l i ty  af ter
a D,  but  a lways coopcratcs af ter  a C (up to rn is takes
in implementat ion) .  This  ru le cal lnot  spread in a
society of defectors, however; it is nccessarl ' t irst
that  TFT invades and paves the way,  l ike a p ioneer-
ing species in a plar.rt comnunity, for GTFT 1o take
over (Ncl rvak and Sigmund 1992).

I f  one considers st rategies t l ' ra t  depend on the
moves of both players in tl-re previous round, one
f inds a r ich col lect ion of  far- f rom-equi l ibr ium dy-
namics even if only three clr four strategies interact
(Nowak and Sigmunci  199)a) .  Sr- r f f ic ient ly  long
mutat ion-select ion chronic les r . rsual ly  lead to meta-
stablc cooperative regimes, horvever, based (in case
P + T < 2R) on Pavlov,  a ru le which cooperates i f
both p layers used the same move in the prcv iot - rs
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round.  Pavlov is  a win-sta1 ' ,  lose-shi t t  ru le:  p la l 'ers

repeat their previous nove it i t ied to a high payolf

(R or T) and try the other option if the payoff was

low (S or P) . In a population of Pavlov players'

unilateral defections due t() uristakes cause one

round of mutual defection, after which both players

resume cooperat ion (Mi l insk i  l99 l ;  Nowal< and

Sigmund I993b).  Pavlov explo i ts  t tncondi t ional  co-

operators, preventing them {rom ir-rvading and thus

of fer ing targets for  explo i ters.  Again,  coolerat i ( ) I1

can emerge t ln ly  af ter  the invasion of  s ter t r  reta l ia-

tory strategies l ike TFT, which then are sr-rpcrsedcd

by the error-proof Pavlov. TFT acts in this sense as a

cataiyst for crtoPeration.
I t  should be st ressed that  these s imulat ions c l t

ar t i f ic ia l  populat ions based on extended mutat ic lu-

selection chronicles show a high degree ol history

dependence ancl  of ten d isplay puncluated equi l ib-

r ium. T l ' r is  is  par t icu lar l ) '  c lear  in  L indgren (1991) '

where extensions of the nemory were possible

(caused by mutations remit-l iscent of gene dr'rplica-

tions that introduce strategies based r-rot just on thc

last round, br.rt t l t-t a larger window of the past)'

Usually such sin-rr-rlations led to the enlergcnce ot

cooperative strategies similar tt l Pavlov, or ol vari-

ants defecting twice in a row, afte r a mistake'

There exist very simple finite-state automata that

cannot be described by rules depending only on the

oLrtcome of a given number tlf previ<lus roltntls' At't

example is  Contr i te  TFT (CTFT),  a s t rategl '  that

r .noni tors i ts  own standing and that  of  the copla l 'er '

A player's standing is gtlcld except after defectit-tg

against  a p layer  wi th good standing.  CTFT pla l 'crs

cooperate except  i f  they are in  good standing ' rnd

thei r  coplayer  is  in  bad standing.  Boer l i js t  aud

col leagues (1997\  showed that  such st rategies arc

good at invading ptlpr.rlatit lns tlt defe ctors and cstab-

l ish ing a stable cooperat ive regime .  These st rategics '

however,  are immune only against  err t l rs  in  i rnple-

mentatioll, whereas the Pavlov rlt le also avoicls

errors in  percept ion.  Leimar 11997\  shcxvecl  that

there are huge numbers of l inite-state aLltomata

leacl ing to l imi t -ESS (a vers ion of  evolut ionar i ly

stable st rategies) .  This  impl ies pront l t tnccd path

dependence of evcllttt iot 'tary chronicles.

In the usr-ral PD setup, both players are sttl)poscd

to nlove at once. This is the case, fclr instatrce, in

predator-inspection games by sticklcbacks clr gttp-

pies, where the fish take their mirror image lor a

coplayer  (Mi l insk i  I987) .  In  many s i tuat ions o l

mutual  a id,  however,  p layers move a l ternate ly '  This

is the case, for instance, when a well-ied vampire

bat  feeds a ht rngry conspeci f ic  (Wi lk inson 1984) or

when a yollng male baboon diverts the attenlion trf

the dclminant male so that his pal can nlollnt an

estrous ler t ta le (Packer  1977\ .  S i t l . t l t la t i t lns o l  t l l t :

a l ternar ing PD (Nt l rvak ancl  Sigmr-r r lc l  1994;  Frcat l

1994 ;  Hauc r t  and  Sch l r s te r  1  998  )  l eac l  aga i t l  t '  r

cooperat ion basecl  c ln error-pr t l0 f  s t rategies ( l l ( ) t

Pavlov.  howcver,  bt r t  F in-n But  Fai r ,  a  s t ratcs\  t l r ' l t

defects only  af ter  an t lnwarranted defect ior l  b1 thc

coplayer) .  Exper iments by Wedekind ancl  Mi l insk i

1 1 9 9 6 t  \ t l P p ( ) r t  t l t i s  d i s t i r r c t i o n  b e t w e c n  s l r a l e g i e s

for  the s imul tane o l ts  and the a l ternat ing PD'

If players clo nclt interact at randcln, blrt only

rnr i th in a cer ta in neig l ' rborhood st r l tc t l t rc ,  coopera-

t ion becotnes n l t lc i l  r lorc readih '  establ ished,  even

for  the onc-shot  PD [see Ncl rvak ant l  Nlat  \1992'

1993),  Sigmr.rnc l  (19921 ,  HuLrernat l  a t rc l  Gla l rce

(  I  993) ,  Nowak ancl  o1l - rers 11994a,  1 994b).  l - i r r t l5 , r 'cr t

ancl  Nordahl  (19941 ,  ancl  l ( i l l ingback ancl  l )oebel i

(1996) auci ,  for  a general  in l rc ldt rc l ion t< l  cc l l t r lar

autonata in  th is  context ,  Durret t  and Levin (  1994) l '

Again, if plal 'ers have the possibil i ty of cl.ttr icc atld

retr-tsal of partners, coope ration becomes much easier

to achieve (Stanley and others 1994\ .  ln  both cascs '

aggregat ion of  cooperalors occl l rs  through local

nr les.  In  contrast ,  cooperat io l l  bect lmes much t l l t t re

r . rn l ike ly  i f  nrore that l  two p la l 'ers c l l l lag,c i t l  t l tc

in teract i t t t t .  For  extensive s iml t la t ions o l  th is  set l tp '

r ,ve refe r  to  HaLler t  and Schuster  (1997) '

It si-ror-rld be stressed tl 'rat t l"tc PD is certairl l l '  not

the only game rtlocleling aspects of cooperatiol 't '  l t ' t

par t ic l l lar ,  Sugde n (1986) has st ressed that  the

payof f  rank orc ler ing f  > R > S > Palst l  makes scnse

in th is  context .  ln  s t tch a l l  i l l teract i ( ln ,  a p laycr  facecl

i,vith a defector Ivould neverthelc'ss prefer to plal ' C'

This y ie lds what  garne theor is ts  cal l  the Chickerr

gamc and b ic l log is ts  Halvk-Dove'  Repeated Chicker l

need not  lead to n lutual  cooperat ion [ r ' tsed t t t . t

rcc iproc i ty ;  i t  is  nrore l ike ly  1[31 an asy]nmetr ] '

becomes ef lect ive wi th one p layer  a lways p lay i t lg  C

ancl  t l - re other  D.  This c txr ld  shed some l ight  on thc

int ruc lc ' r  inspecl ions f  y  fcmale l io t l : ,  rv l lere onc can

ol tcn c l is t ingr- r ish lcadcrs and laggarc ls  [see Hci t r :ohrr

a n d  P a c l < e r  ( 1 9 9 6 ) 1 .

IxnrRncr RncPRocATIoN

hr adclit ion to reciprtlcatit ln based on rcl)eatcLl

in tcract ions lv i th in a pai r ,  t i lc re cx is ts ; t t to thcr '

inclirect reciprclcity, wherc the donor dcles ttot olr-

tain a retl lrn frorn the recipienl, bttt frt lnl a third

l lar ty .  Donors prov ide help i f  the rec ip icr l t  ha\

helped others in  the past .  This  works i l  t l - tc  cost  of  an

al t ru is t ic  act  is  of fset  by a ra ised "score,"  or  s tatus '

which incrcase s the chance to s t tbseqnel l t ly  become

thc rec ip ient  of  an a l t rn is t ic  ac1.  Cooperat i ( )n is

char-urelcd toward the "valuable" members clf thc

comr-nunity. For Richarcl Alexander, "indirect reci-
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proci f  involvcs reputa l ion and sta lus,  ancl  resr . r l ts  i r r
everyone in tfre group continnally being assessecl
and re-assesscd."

Nowak and Sign- iund (1998a,b)  moc' le led indi rect
rec iproc i ty  in  a popula l ion o l  ind iv ic luals  lvho had
the opt ions of  help ing or  not  help ing another
indiv idual .  In  each generat ion,  a number of  Polgn-
l ia l  donor-rcc ip ier- r t  pai rs  arc choscr . r  randonr ly :  i f
he lp is  prov idcd,  there is  a cosl  c  to the donor,  a
I r c r r c l i l  1 ' l ( r  l l t ( ' r t ' c i P i t ' r t t .  a r r d  t l r c  d o n o r ' s  s c o r t ' i s
i r - rcrcascd by l  .  The score o l  a p layer  refus ing to I re l l r
is decreased by l. lnit ially all scores arc' 0. Wc
consider  s t ratcgics g ivcn by in legcrs k:  a p layer  wi th
such a st ratcg) ,  helps i f  ar . rc i  only  i f  thc scorc of  the
potcnt ia l  rec ip ient  is  at  lcast  /<.  We'  can fo lkrw thc
f requencies oI  the s l rategies l rom generat i ( )n lo
generat ion,  a l lowing for  occasional  rnutat ions.

A renarkalrl i . '  srnall number of lnteractions (for
h -  l0  and c -  l ,  an average of  t lvo in teract ior- rs  Per
l i fe t ime suf f iccs,  Ior  instance )  can leacl  to  the cmer-
gence o l  cooperat ive popnlat ions rvhere most  rnenr-
b e r s  l r s c  k : 0  o r  k :  - 1 .  I f  t h e  s i n u l a t i o n  i s
cont inued,  s t rategies that  are less c l iscr inr inat ing
sprcad:  p layers lv i th  k  -  -  3 ,  for  instancc,  wi l l  rare l l '
ever  refuse to help,  thei r  score wi l l  there lc l rc  in-
crcase laster  than averagc,  and hence thct ,  lv i l l  in
turn be helped nrore o l tcn.  BLr t  i f  thc f rcqr- rcncy c l f
less d iscr iminat ing p layers reaches a cer ta in thresh-
old,  therr  defectors (p la1 'ers rv i th  k  :  3 ,  for  ins lance,
ivho l 'rardly er.,er provicle I 'rclp) can takc ove r, rvith
thc rcs l r l t  that  coopcrat ion d isappears in  the popula-
t ion.  C)nce t l ' r is  happens,  the average k values wi l l
decrease again,  leading eventr - ra l ly  back to a coopcra-
tive rcgirne of playcrs with r-naxin-ral cliscrinrir-ration
( that  is ,  k  :  0) .  To surnnrar ize,  random cl r i f t  can
subvert  popr-r la t ic lns of  d iscr imina1e a l t ru is ls  b1,  ind is-
cr inr inate a l t ru is ts ;  once thei r  l reqr- rency,  is  large,
defectors can invade;  bLl t  as sool r  as lhe delectors
have rec luccd the proport ion o l  inc l iscr iminate a l l ru-
is ts ,  the d iscr i r .n inalc  a l tnr is ts  can f ight  back ancl
eliminate the clefectors. Tl-ris leads again to a coopera-
t ivc populat ion that  is  proof  against  defectors,  but
not  against  inc l iscr iminatc a l t ru is ts ,  and so orr .

Sr , rch r rodels show that  ind i rect  rec iproc i ty  basccl
on image scor ing works in  pr inc ip lc .  I t  should be
stressed t l ' ra t  the chance of  two p layers ever  rncct ing
again is  vanishingl l '  srnal l .  A l l  that  needs tc l  bc
known is  the score of  thc coplayer  Iscc a lso Polkrck
and Dr. rgatk in \199211.  Even th is  i rnage scor ing need
not  be pubi ic  knowledge.  One can modi fy  the r rodel
to inc lude,  for  evcry p layer ,  a pr ivate assessment  of
the other  group members.  hr  par t icu lar ,  onc can
assume that  an in teract iorr  between t lvo indiv idr , ra ls
is only observed by a srr-rall sr-rbset of the popr-rlatiorr.
Onll '  these onlookers wil l r-rpdate their score of the

clonor .  For  larger  groups,  i t  l recomes more d i f f ic t r l t
to  establ ish cooperat ion.

Modcls thal  are even more s impl i f ied help to
crp la in analyt ica l l l ,  the cyc l ing behavior ,  wi th i ts

krng bouts of cooperation intcrspersed by short
per ioc ls  of  defcct ion,  which is  reminiscent  of  the lack
of stabil it l , near a crit ical statc. Sclmewhat sr.rrpris-
ingly, cooperation is more robust if the society is
challenged rnclre lrequently by invasion attempts ot
defectors.  One can compute the rn in imal  amount  of
discrirninators. the minirnal number of ror-rnds per
generat ion,  and the maximal  s ize of  the society.  fc l r
ind i rect  rec iproc i tv  to work.  This y ie lds as necessary
conclit iorr ftrr cooperation that the deylree of nc,ludin-
tancesltip (the probabil ity that a player knows thc
score of thc coplal,er) is larger than thc cost-benefit
ratio c/b. This resr,rlt is anakrgor.rs to Hamilton's rule
r,vlrich states that the degree of relatedness (the prclb-
abi l i ty  that  an a l le le in  t l ' re  p layer 's  genome is  a lso
pre sent  in  the coplayer)  must  exce ed c/&.

DrscussroN
Success in  analyz ing the i teratcd PD should not  h ide
the fact that variants r'vit l-r rnorc than two players
lead onl1 '  rarc l ) '  to  a cooperat ive outcome Isee
HaLrer t  ancl  Schuster  (1997 11.  Such N-person games
have at t racted nruch at tent ion,  fc l r  instance,  as the
Free Ridcr  Problem or  as the Tragedy of  the Com-
n' rons (Harc l in  1968).  The lat tcr  name sLlggesls
al reacly ,  as a major  appl icat ion,  the managcmcnl  o l
ecosvstelTls.

More general ly ,  how can indiv idual  rest r . r in t  in
the explo i tat ion of  a common rcsource emerge and
e stat r l ish i tse l f  in  the absence of  a g lobal  contro l ler?
This problem r- rnde r l ies the evolu l ion of  v i ru lence or
the concept  of  thc pmclcnt  predator .  In  the human
col) tex l ,  or  lnore general ly  amonl l  ind iv iduals recog-
r.rizing each other, the obvior,rs solr-rt ion-the punish-
nrcnl  of  se l f ish explo i ters- leads to anot i rer  d i -
lelnma. To punish clefectors is a costly, possibly
dangeror-rs activit),, and it is tempting to leave it to
others.  But  th is  const i tu tes a second-order  c ' le fec-
1 ion,  rvh ich ought  a lso to be pnnished,  and so on.
Se'n 'era l  aLr lhors (Boyd ancl  Richersorr  1988;  Glance
and Htrbernran 1994) have acldresse d th is  prc lb lem.
I t  seenrs p lar . rs ib le that  the idea of  ind i rect  rec iproc-
i t i  t ; r t  h t ' . r p p l i c t l  i r r  t h i s  ( ( ) n l c x l .
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