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ABSTliCT 
Ye concent.rat.e on the part. of' bargaining· st.rat.egies which 
have t.he nat.ure of' a t.hreat. and are announced· bef'ore t.he 
act.ual bargaining process st.art.a. There may bet.wo dif'f'erent. 
goals of' such pre-announcement.s. The first one concerns t.heir . 
influence on t.he possible agreement., while t.he second is 
connect.ed wit.h st.abilizing it.s realizat.ion. The aspect.s oi 
t.he first. t.ype of' t.hreat. st.rat.egies are considered wit.h t.he 
help of' an example of' labor-management. bargaining. In t.his 
cant.ext. we short.ly illust.rat.e t.he problems of' t.he choice of' 
dif'f'erent. "dimensions·· of' a t.hreat. , such as t.he lengt.h of' a 
st.rike, it.s int.ensit.y, and t.he bargaining schedule. On t.he 
ot.her hand t.he second t.ype of' t.hreat.s, i.e. t.hose which are 
announced in order t.o st.abilize the possible cooperat.ión, 
must. t.ake int.o account. such ~spect.s like st.abilizat.ion power 
and credibilit.y. It. appears, however, t.hat. t.hey can ai~ 
inf'l~ence t.he agreement.. 

ICEYWOIWS: Decision Haking, Mat.hemat.ical Nodels, Game Theory, 
Bargaining; Threat.s, St.rat.egies, Labor-Hanageaent. 
Negot.iat.ions , Cooperat.ion 

1.INT20DUCTION I,) 

An ! • port.ant. teat.ure ot econoaic syst.eas is t.he 

Mult.iplicit.y of' decision aakers having various goals t.bey 

want. to at.t.ain . This leads t.o conf'lict.s of' int.erest.s and, as 

a result., a problea we are Caced wit.h is how t.o reach a 

coaiproaise and cooperat.ion. 

The classical approach t.o t.be bargaining problea has 

been proposed by Nash (19!50> and consist.s in point.i-ng out. a 

unique solut.ion whicb f'ulf'ills a proposed set. of' axioas. 

Ot.her axioaat.ic solut.ions have also been proposed _ 
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(Jrot.h,1979). 2ubinst.ein (1982> has t.aken quite a diCferent 

approacb. He has IIIOdelled the negot.i.at.ion process explicit.ly 

as a sequence of alt.ernat.ing offers'.. The solut.ion is given by 

a perrect. equilibriu• in sucha game. This direct.ion, i.e. 

t.he noncooperat.ive IIIOdels or bargainini, has been developing 

int.wo direct.ions. The rirst. enriches t.he bargaining process 

t.hrough int.roduct.ion of addit.ional . st.rategic possibilit.ies 

Ce.g. Yolinsky,1986; Hoel,1987; Bi.nmore,Herrero,1988), while 

t.be second direct.i on .t.akes int.o account. . incomplet.e 

infoMAat.ion Ce.g. 2\lbinst.ein,1985; Chat.t.erjee,Samuelson,1987). 

We shall consider bargaining sit.uations in which before 

t.be act.ual negot.iat.ion, a coanunicat.ion phase exists.This 

makes t.be announcements of strategies t.o be realized in the 

fut.ure possible. Typically such st.rat.egies are formulat.ed 

condit.ionally and t.herefore t.bey can be called threats. The 

not.i.on of a t.hreat. was i .nt.roduced for t.he f'irst. time by Nasi\ 

C19~3> and concerned t.h~ possibility of moving the so called 

st.at.us quo point.. Nash, however, 11111ade t.wo basie assu• pt.ions. 

The first. says t.hat a player can c~it. hi• self to the 

possible i • ple111ent.at.ion or his t.hreat. The second one says 

that. once an ~reement. has been reached it is binding. Not.e 

that. bot.h t.hese assu• ptions are connect.ed wit.h the problem of 

• aki.ng bi.nding c011111i.tments Cabout t.he implement.at.ion of 

cert.ain st.rat.egies). Nowadays • odels in which t.he . above 

assu• pt.ions are weakened or dropped det.er111ine a signiricant. 

research direct.i.on i~ analyzing t.he quest.ions of cooperat.ion 

CHarsanyi,1977; Farrell,1987;Harsanyi,Selten,1988). 

Int.his paper we briefiy discuss t.wo sit.uat.i.ons in which 

t.hreat. st.rat.egies are announced in t.be cC11R1Runication phase 

preceeding t.he act.ual negot.iat.ions. There • ay be t.wo 

difCerent. goals oC such pre-announce111enJ,s. The first. one 

concerns t.heir inCluence on t.he possible agreement., while t.he 

second is connect.ed with st.abilizin__g it.s realizat.ion. Tbe 



- 245 .. 

aspects of the first type of t.hreat st.rategies are considered 

with the help of an example of labor-management. bargaining. 

In this cent.ext. we briefly illustra~e t.he probiems of . t.he 

chcice of di:fferent. "'dimensions„ or a t.hreat, such as the 

lengt.h of a st.rike, it.s intensity, and the bargaining 

schedule. On the ot.her hand, t.he second t.ype or t.hreats, i.e. 

tbose which are announced in order to st.abilize t.he possible 

cooperat.ion, must t.ake int.o account su'ch aspect.s like 

stabilizat.ion power and credibility. I~ appears, however, 

tbat t.hey can also influence t.he agreement. . 

2 • . THE INFLUENCE Of THJIBAT 

AG2EENENTS 

STIUTEGIES ON NEGOTIATED 

The problem will be short.ly illust.rated by a model 

describing labor-11anage11ent negotiat.ions in a rirta 

<Patt.anaik,St.e:fanski,1988). Both parties are int.erest.ed in 

• aximizing their goal over a't.ime horizon o ... T . The labor 

union CU> is .not sat.is:fied wit.h t.he present sit.uation and 

wants t.o change t.he vect.or v of decisions Cwages, employ111ent. 

level). In •order to :force management. CF> t.o t.ake part in 

nee;ot.iations U can t.ake st.rike act.ion. In e;eneral, t.here are 

various strike actions possible which are ' harmful to the rirm 

t.o di:fferent. ext.ent.s. Tb~refore we shall t.alk abou~ a 

flexible st.rike and we int.roduce a not.ion o:f strike in~ensity 

SE[0,1), 

Theo U can choose seC0,11, while F cont.rols the decision 

vect.or veV. We assume t.hat. ot.her paramet.ers describing a :firm 

are const.ant. over t.ine, and that. t.be part.ies' goal functions 

are addit.ive over t.ine. The one period component.s or t.hese 

funct.ions are denot.ed by xuCv,s> and xFCv,s>. 

The st.art.ing point in our• model is a cert.ain decision 

vect.or v0 <and , of course, s•0). U want.s to reach an 
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at;reeaent. about. chant;inr; .. v 0 t.o a cer1.ain vA such t.hat. 

x 0 cvA,O>> x 0 cv0 ,o>. However, t.he st.rike t.hreat. may be usef'ul 
A . o because xF<v ,O>< xF<v ,O>. Of' course t.he implement.at.ion of' a 

strike could be har• rul t.o F as well as t.o U: xy<v,s>< 

xFCv,O>, x0 Cv,s>< v,O>. s>O. 

Besides the int.ensit.y s, U announces t.he length oj 

stri.ke Te<1,2, ••• ,T}. Since the talks need _not. t.ake place in 

every time period t.hen U has also the possibilit.y of' 

announcing the set. or time periods Bc<0,1, .•• ,T} in which it. 

will bargain with F. The set. B will be called barsainin& 

schedule. Thus, we have a triple Cs,T,B) announced by the 

union. 

The set or ar;reement.s att.ainable at. t.e<0,1, ... ,T> is 

denot.ed by Zt.: . 

2t.=<cx0 ,XF>: x0 = tx0 cv0 ,s>+ <T-t.>x0cv.o>, 

XF= t.xy<v0 ,s>+ CT-t.>xy<v,O>, veV}. 
(1) 

The last. period in which U and F can make an at;reement. is 

t.L-ax-Ct.:t.eB>. Ir t.hey do not. do it t.hen t.hey will at.t.airi - t.he 

disagree111ent outc0111es: 

ie<U,F}. <2> ·x1<s,T>• Txicv0 ,s>+ CT-t.>xi.cv0 ,o> 

Nash's scheae is applied t.o solving t.he bargaining problem at. 

successive st.ages. Comput.at.ions are carried out. backward 

beginninr; rroa t.L. Tben, if' we order t.he set. B f'roa t.1 t.o t.L 

in sucb a way t.hat. t.1 <t.2 < .. ·. <ti_, and denot.e by KCG> t.he 

Nash's bargaining solut.ion of' the ganie G, t.hen t.his process 

can be described as rollows: 

xAcs,T,B,t.L}• K<Zt. ,xdcs,T)), 
L 

A · A 
X (s,T~B,t.L-1>• K<Z1. , X Cs,T,B,t.L)), 

L-1 
(3} 

A A A X C.}•CX0 <.>,XF<.>> denat.es the .agree.ent. out.c0111es. If' an 
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agreement is made at tA, then rrom the equations 
A o A Xi Cs,T,B,tA)= tAxi<v ,s>+ CT-tA>xi<v ,0) , ie<U,F} <~> 

we can derive the decision vector vA which realizes it. 

It fellows from the fact that complete in:formation is 

assumed in the model that an agreement should be made at 

tA=O. The problem we are interested in concerns the optimal 

<from the u•s point. of view> chcice of the triple <s,T,B): 

* * * A <s ,T ,8 >• arc max x0cs,T,B,O). <5> 
(s , T,B) 

We shall distinguish t.wo cases: 

1. with the assumpt.ion that. all the announcements are treated 

as credible, 

2. without. the above assumption. 

Because of the lack or space we will only roughly outline the 

nature of the results <Patt.anaik,Ste:fanski,1988). 

Case z. 

Taking into account C3> and <2> it fellows that. the 

optima! length of a strike is: 

(6) 

It can be noted that the optima! e* should always contain 

{0}. Then the following proposition can be proved: i:f T=T and 

B1 =<0>uB1, , e2=<0>uB2 then X~Cs,T,B1 ,0>= X~Cs,T,B2 ,0> :for all 

B1,B2c<1,2, ... ,T-1} and :for all SEl0,11. Thus 

e*= <O>uB' B'c<1,7, ... ;T-1 >. (7) 

In other words, it does not/ m~t.ter whether the parties talk 

at int.ermediate stages or they do not. 

The optinal choice o:f strike intensity appears to be 

equivalent to the solution of a single st.age problet11 which is 

easy to solv~: 

* A * * A o s = arg • ax x0 ca,T ,B ,O>= ar~ 111ax x0 cv ,s>. CB> 
se[ O , 1 1 · se[ O, i 1 

Case a. 

In this case not only the inrluence o:f Cs,T,B> • ust be 

taken int.o account, but also what could . happen i:f the 

announced tbreat was not believed. This complicates t he 
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situation. Note tbat in case 1 t.he opt.i•al parameters 

Có>,<7>,<8> are independent. or - each ot.her . Yit.hout t.he 

credibility assumpt.ion, however, t.hey are int.er-connected. 

Since t.he strike is disadvant.~~eous t.o bot.b part.ies , 

t.hen t.akińg inte account. C2> we have: 
d - d 

xics,T1 >> xics,T2 >. ie<U,F>, 1r .T1 <T2 • 
d Then X Cs,T)EDS, wbere 

Ds• <<X0 ,XF>eZ0 : Xi> Tx1 cv0 ,s>, ie<l,l,F}, . or 
. (9) 

Xi• Txicv0 ~ s> , .ie<U,F}}. 

It appear-s tbat th~ set. Ds can be divided int.o t.bree set.s As, 

Bs, E6 Csuch t.hat. A5 l.AJ6 1.E.5 •D6 and Asr-Bsaf/J , A6 nEsaf/J;. 

so that the opt.iaal bargaining schedule depends 

posit.ion of t.he end of disacreeaent. · t.raject.ory 

CPattanaik,St.eranski,1988): 

J 
(0,1, .•. ,T} if" xdcs,T>e As 

B<s,T>= <Ol-uB' if" :xdcs,T)E Cs 

l (0} if" xdcs,~>e Ef;il 

where B' is any subset of" <1,2, ... ,T} ~-

BsnEs-0> 

on the 

xdcs,T> 

CiO> 

Vhen deter• ining t.he opt.iaal s and T the not.ions of" t.ime 

li•it.s t 0 cs,T) and ~<s,T) are int.roduced. 

lat.est ti111e period at. which ror t.he partner 

t.1 (s , T) 

ie<U,F} 

is t.he 

it. is 

bet.ter t.o wint.he conflict. t.han t.o reai~n f"r0111 t.he st.ru~~le 

at. t.he very beginning Ci . e. at. t.=O>. Winning at. t. means ror U 

t.hat F accept.s xAc . > at. t. . Thus 

A -t..,<s,T>= aax <t.EB<a,T>: x0 cs,T,8Ca,T),t.>~ Tx0 cv0 ,o::>> C11> 

On the ot.her hand winning t.he conrlict. at t. means ror F t.hat. 

U calls orr t.he strike at. t. and ret.urns t.o s-0: 

t.F<s,T)• Max <t.e<0,1, . • . ,T}: t.xF<v0 ,s::>+ <T-t.>xFcv0 ,o::>~ 
A -XFCs,T,BCs,T),0)} Ci2) 

The t.ime bet.ween ~<s,T) and .t,,<s,T) Cwhich • akes sense only 
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if t 0 C.)> t.y<.)) is the time when winning the conflict is 

still advant.ageous to U but already not to F. Then, if the 

declared strike _<s,r,B<s,r)> makes such a situation possible, 

we can say that. sucha st.rike a nnouncement. is credible. Note 

t.hat we do not t.ake ruture reputat.ion int.o account. here . Let 

us denote 

• = <<s,r)eC0,1lx<1,2, ... ,T>: t.0 <s,T>> t.F<s,T)}. _ <13> 

The set • is used when determining the optimal strike 

intensity and length of st.rike: 

or 

(&-,T-)'"' { 

A A 

arg nax x0 cs,T,BC_s,T> , O> 
<s,T)e,J, 

(0,0) 

- A - -
course B • B<s , T ) •. 

when '1'11110 
(14) 

when >la0 

3 . USING THREATS, TO .STABILIZE COOPERATION BASED ON INFO~AL 

AGREEPIENTS 

Typically it is assumed ,t.hat once an agreement is signed 

it is binding . However, this is not true in many situations, 

when the above assumpt.ion is dropped, we will talk about._ 

int'oraal ~greements. In such a case . 

stabilization of the implement.at.ion of an 

the problem of 

agreement. arises. 

lJ/hen it is not done exogenously then i~ m~st, be dane by the 

partners t.hrough the app~~prjate choice _or their strategfes. 

Typically the st.rategies should cont.ain retaliation threats 

<for breaking the agreement>. It. oCten happens that a 

decision aaker cannot co111111it. himselt to realize a threat, and 

its possible reali:z:ation _can be harmful :not only to the 

threatenee but also to the threatener. In such a case the 

problem of the credibility of a threat. e111erges . The quest.ion 

which taces the part.ies is then the choice of ret~liation 

strategies , which nust be a c0111proniise between their 

eftectiveness <deterring power> and credibility. 

Let us illustrate that by a simple ga.e called Chicken : 
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u1 1 o 

1 3 3 
<Pi,P2> C 2 4> . P1 ,P2 . 

o 4 2 
<p1,P2> 

1 1 
<p1 ,P2> 

Decision ui=l means cooperat.ion,· ui=O t.he· lack or 

cooperat.ion. The superscript.s .denot.e ut.ilit.y ordering, i.e. 

pf is t.he best. payof"f, pi t.he worst. . Nash equilibria are 
3 3 circled. It. seems t.hat. t.he out.come Cpi.pi> could be 

rec011111ended as a reasonable solut.ion. Not.e, however, t.hat. it. 

is not. stable since bot.h players 11ould. have an . incent.i ve t.o 

deviat.e. To st.abilize cooperat.ion t.he st.rat.egies 

1 

o 
if 

if i, j=1, 2; b•J, 

could be used. However t.he credibilit.y or such st.rat.egies is 

rat.her doubt.f'ul. 

Nevert.heless, in sit.uat.ions in which t.here is a larger 

number or possible decisions, the p~oblem or rinding a 

compromise bet.ween credibilit.y and errect.iveness makes sense. 

An exampie or sucha game can be even a cont.inuous version or 

. Chicken, where decisions u 1 ,u2 are t.aken Crom t.he int.erval 

co , 11 and the payorrs: 

Picu1 , u 2 >= -<1-p~+pf>u1 u 2+ pfu1+ uj, 

Let. us use t.he follo11ing simple game based on C15> as an 

illust.rat.ive example. At. t.he beginning t.he part.ners announce 

t.hreat.s r 1 and r~, where ri: CO, 1 h CO, 1 J. Then t.hey negot.iat.e 

an agreement. on cooperat.ion A A 2 <u1 ,u2 >eC0,1J Cyielding an 
A A A out.come y = <y1 ,y2 >>. Next., t.he players simult.aneously make 

decisions u 1 ,u2 . Ir t.he agreement. is t.hen honoured by bot.h 

part.ners or bot.h break it. t.hen t.he game ends wit.h payorrs yi= 
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P1<u1 , u2 >. i•1,2 . However i r o nly on e partner br eaks the 

agreement then h i s partner can r e t a l iate with_ uf= ri< uj>• and 

r i na lly t hey ge t yk• Pk<uf,u j >, k=-1_,_2 ; i,Je<1, 2> ; b•J. 

Note that a given pair <r1 ,r2 > s tabilizes only certain 

agreements. A set or these agreements will be denoted by 

uA<r1,r2 >: 
A U cr1 ,r:z>• 

(16) 

The corresponding set or outcomes: 

sAcr1 ,r2>= <Cy1 ,yż>: y1= Picu1 .~>, cu1 ,u2 >euAcr1 ,r2 >, i=1,2} 

Ir y 0 denotes the status quo then we have a bargaining game 

csAc . >.y0 > which cannot be solved by Nash's scheme because 

the set sAc.> can be nonconvex. We can apply, ror instance, 

the Kalai-Smorodinsky (1975) method i nstead. Ir• stands ror 

the solution concept t.hen we have 
A_ A o y - •es cr1 ,r2 >,y > <17> 

Not~ce, that. _the threat.s r'1,r2 inrluence 

solut.ion, and that. this is not dane in 

the bargaining 

conventional way Coe moving the status qu~> but 

a 

consists 

in the chapges or the ·shape oC the set or stable agreements 
A S <.ri,_r 2 >. 

The rollowing question can be asked ~hen we think or the 

threat's credibility: why, in ract., should . a _player . be 

willing to execute a t.hreat ie it could be harmrul to bim? It. 

seems that a reasonable answer is that he could be aCraid or 

his reputation in the ruture. Assume that. player J has broken 

the agreement. but his partner will not apply r 1 . Denote. the 

subJective loss or . reputation f'or i by ai. His partner, i. e. 

J, does not know ai, Ye assume however that his belier about 

a 1 is summarized in a probabilit.y distribution . hJCai>. 

~it.hout going into det.ails we say only that the cost or 

applying r 1 will be denoted by c 1cri,uj> CSteranski,1988). 

Then, decision maker j could assess the probability that r 1 
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will not be executed: 

cCri,uj) 

J bjCai> doi. 

o 

(18)' 

of' ·t.he possible 

execut.ion .o:r ri . Not.ice that it depends not only on ihe 

t.hreat ri, but also on the breaking decision uj. Taking the 

expect.ed out.come 
B 

Yj<ri,uj>• <1-nj<ri,uj>) PJ<ri<uj),uJ> + 

+ nj(ri,uj) PjCRiCuJ>•uj>• (19) 

int.o account player J could determine his opt.imal breaking 

decision: 

u~<r.>• arg max Y~<ri,uJ) 
J 1 uje[0,11 

(20) 

Now we come to the question whether it. is opt.imal :for a 

player t.o respect an agreement.. Note, that. a player has t.hree 

t.ypes o:r strat.egies: 

il - t.o respect. t.he agreement, and in case o:r his part.ner's 

deviation not to execute t.be t.hreat., 

Ar - t.o respect. t.he agreement., and execut.e r i in case t.he 

partner breaks the agreement., 

X - to break t.he agreement.. 

The result.ing game is wit.h incomplet.e in:format.ion . It. appears 

t.hat. if' 

Y1A > yB( Be )) . 1 r2,u1 r2 ' 

A B B 
Y2 > Y2<r1,u2<r1>> 

t.hen the pair o:r st.rat.egies <Ar,Ar> :rorms an equilibrium. 

(21) 

Int.he choice of' a t.hreat. an import.ant. role is played by 
B B Yj<ri,uj<r1 >? · We conclude by saying t.hat. when choosing r 1 , a 

player must. f'ind a co• promise among CSt.e:ranski,1988): 

1. t.he in:fluence of' ri on t.he agreement. out.come yA Ct.hrough 

t.be sbape o:r SA<.>>, 

2. the credibilit.y o:r ri Cconnect.ed wit.h t.he possible 

execution cost c 1 <.>>, 
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