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Negotiation and Bargaining

|L} QWD » |r}rLD |=yxr�Ut ♦

|OvtOwU ‘@=wD =@ x ∈ [0, 1] Q=Oktffl|k}kL OQwt l} |wQ Q@ xm O} Q}o@ Q_v QO 2 w 1 pt=a wO u}@ =Q Q} R xQm =Pt C}akwt “1

u1(x) =
1
2x + 5, u2(x) = 1 − x

"Ovvm|t xQm =Pt

=Q pY=L ji=wD w O}vm xO=iDU= ǫ = 0 5 =@ (monotonic concession protocol) =wvm} |=]a= pmDwQB R= “hr=”
\UwDt CQwYx@ ji=wD ’OvyO|t s=Hv= =Q O=yvW}B VQ}PB u=Um} QwO l} QO pt=a wO Qy xm |Dr=L QO "O}vm x@U=Lt

"OwW|t x@U=Lt xOWxDiQ}PB |=yO=yvW}B
O=yvW}B #=QJ #Ovm “=]a=”VWN@ swO QwO QO O}=@ pt=a s=Om (Zeuthen strategy) uFw�R |SD=QDU= R= xO=iDU= =@ “?”

#=QJ #CU}J pt=a u; O}OH

M»»»U=B

%s}yO|t u=Wv Q} R pwOH QO =Q pL=Qt “hr=”

round Agent 1 Agent 2

1 Best offer x = 1,

providing u1(1) = 11

2
and u2(1) = 0

Send offer x = 1 to agent 2

Best offer x = 0,

providing u2(0) = 1 and u1(0) = 5

Send offer x = 0 to agent 1

2 Receive offer x = 0, for which u1(0) = 5

Reject the offer

New offer x such that u2(x) = u2(1) + ǫ,

namely x = 1

2

Send offer x = 1/2 to agent 2

Receive offer x = 1, for which u2(1) = 0

Reject the offer

New offer x such that u1(x) = u1(0) + ǫ,

namely x = 1

Send offer x = 1 to agent 1

3 Receive offer x = 1, for which u1(1) = 11

2

Accept the offer

Receive offer x = 1

2
, for which u2(

1

2
) = 1

2

Accept the offer

"OyO|t MQ 3
4 |va} =yv; \UwDt QO ,qFt 1

2 w 1 u}@ ji=wD ’u}=Q@=v@

Prepared by Kazim Fouladi <kazim@fouladi.ir>, Fall 2018 “1397 |O 10” 4 R= 1 |xLiY



8 |xQ=tW h}rmD pLx=Q |rt=aOvJ |=ysDU}U

%Ovm|t Q}}eD swO QwO =t= ’CU= jwi OQwt x@=Wt pw= QwO “?”

round Agent 1 Agent 2

1 Best offer x = 1,

providing u1(1) = 11

2
and u2(1) = 0

Send offer x = 1 to agent 2

Best offer x = 0,

providing u2(0) = 1 and u1(0) = 5

Send offer x = 0 to agent 1

2 Receive offer x = 0, for which u1(0) = 5

Reject the offer

risk1 =
u1(1) − u1(0)

u1(1)
=

11

2
− 5
11

2

=
1

11

risk2 =
u2(0) − u2(1)

u2(0)
=

1 − 0

1
= 1

Concede and offer x such that

u1(x) − u1(0)

u1(x)
≥ u2(0) − u2(x)

u2(0)
1

2
x + 5 − 5
1

2
x + 5

≥ 1 − (1 − x)

1

x ≤ −10 or − 9 ≤ x ≤ 0

Offer x = 0

Receive offer x = 1, for which u2(1) = 0

Reject the offer

risk1 =
u1(1) − u1(0)

u1(1)
=

11

2
− 5
11

2

=
1

11

risk2 =
u2(0) − u2(1)

u2(0)
=

1 − 0

1
= 1

Do not concede

�

u1(x1) = x1 |OvtOwU ‘@=D 1 pt=a "O} Q}o@ Q_v QO =Q pt=a wO u}@ 1 |xR=Ov= =@ xDUw}B ‘@vtl} s}UkD |=Q@ |vRxv=J |xr�Ut “2
"x1, x2 ∈ [0, 1] w x1 + x2 = 1 u; QO xm OQ=O =Q u2(x2) = 2x2 − (x2)

2 |OvtOwU ‘@=D 2 pt=a w

"O}@=}@ =Q (utilitarian solution) xv=}=QoOwU pLx=Q “hr=”
#Cio u=wD|t xJ (egalitarian) =QoC=w=Ut pLx=Q OQwt QO ’p@k CtUk |xH}Dv x@ xHwD =@ “?”

"O}@=}@ =Q (Nash bargaining solution)Vv |vRxv=J pLx=Q “G”
xO=iDU= ji=wD l} uDi=} |=Q@ (monotonic concession protocol) =wvm} |=]a= pmDwQB R= =ypt=a xm O}vm ZQi “O”
s=Om #CU}J 1 pt=a x@ 2 pt=a pw= O=yvW}B wO w 2 pt=a x@ 1 pt=a pw= O=yvW}B wO "“ǫ |rmV}=WN@l} =@” Ovvm|t

#=QJ #O}=WN@|t QDW}@ pt=a

M»»»U=B

%(utilitarian solution) xv=}=QoOwU pLx=Q “hr=”

arg max
x1,x2

(u1 + u2), subject to: x1 + x2 = 1

%s} Q=O

arg max
x2

(1 − x2 + 2x2 − (x2)
2) = arg max

x2
(1 + x2 − (x2)

2)

∂

∂x2
(1 + x2 − (x2)

2) = 0 ⇒ 1 − 2x2 = 0 ⇒ x2 =
1
2

"x1 = x2 = 1
2 %R= CU= CQ=@a xv=}=QoOwU pLx=Q ’u}=Q@=v@
%(egalitarian) =QoC=w=Ut pLx=Q “?”

arg max
x1,x2

(u1 + u2), subject to: u1(x1) = u2(x2)
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pL R= u=wD|t =Q =Qo C=w=Ut pL x=Q =t= ’Cio u=wD|tv |R}J =QoC=w=Ut pLx=Q OQwt QO |R}J xv=}=QoOwU pLx=Q T=U= Q@
"OQw; CUOx@ jwi CqO=at

%(Nash bargaining solution)Vv |vRxv=J pLx=Q “G”

arg max
x1,x2

(u1 · u2), subject to: x1 + x2 = 1

%s} Q=O

arg max
x2

((1 − x2)(2x2 − (x2)
2)) = arg max

x2
(2x2 − 3(x2)

2 + (x2)
3)

∂

∂x2
(2x2 − 3(x2)

2 + (x2)
3) = 0 ⇒ 2 − 6x2 + 3(x2)

2 = 0 ⇒ x2 =
3 −

√
3

3

x2 =
√

3
3 , x2 = 3−

√
3

3 %OwW|tVv|vRxv=JpLx=QTB "OwW|t xDiQo xO}O=v wCU=1R= QDnQR@x2 = 3+
√

3
3 Qo}OpLx=Q

%(monotonic concession protocol) =wvm} |=]a= pmDwQB “O”

O=yvW}B |=xvwox@ =Q x1 TBU ’OyO|t O=yvW}B 2 pt=a x@ =Q “x2 = 0 |va}” x1 = 0 |xv} Ro 1 pt=a =OD@= QO •
"“x2 = 1 −

√
1 − ǫ w” x1 =

√
1 − ǫ |va} ’2(1 − x1) − (1 − x1)

2 = ǫ xm OyO|t
O=yvW}B |=xvwox@ =Q x2 TBU ’OyO|t O=yvW}B 1 pt=a x@ =Q “x1 = 0 |va}” x2 = 1 |xv} Ro 2 pt=a =OD@= QO •

"“x1 = ǫ w” x2 = 1 − ǫ |va} ’1 − x2 = ǫ xm OyO|t
"
√

1 − ǫ > 1 − ǫ =Q} R ’OyO|t s=Hv= |QDW}@V}=WN@ 2 pt=a •

�

"OvwW|t xQm =Pt OQ=w =ynvU R}r=v; |=yxi}_wX}YND |=Q@ ’Ovvm|t Q=m M} Qt |xQ=}U K]U |wQ Q@ xm R2 w R1 OQwvM} Qt wO “3
=y‘@ Qt pN=O O=Oa=” Ov=xOW s}UQD Q} R pmW QO “=y‘@ Qt” =ynvU w “=yxQ}=O” =yC=@ Q "OQ=O OwHw r3 w r2 ’r1 nvU ‘wv xU

%“"OvDUy Q_=vDt |=yxi}_w s=Hv= |xv} Ry

|xty xm O}vm ZQi u}vJty "OW=@ =ynvU lD lD R}r=v; |=yxv} Ry ‘wtHt ’QDW}@ nvU O=OaD p}rLD |xv} Ry xm O}vm ZQi
"OwW R}r=v; =yvD C=@ Q l} \UwD O}=@ nvU l} xmv}= w OvwW R}r=v; O}=@ =ynvU

’=ypt=a |xawtHt |va} ’u; |xOvR=U |xir-wtxU w O}vmh} QaD (TOD) QwLtxi}_w |xvt=Ol} CQwYx@ =Q jwi |w} Q=vU “hr=”
"O}vmXNWt =Q xv} Ry ‘@=D w =yxi}_w |xawtHt

#CU= nQR@ xR=Ov=xJ =D umtt |=yxrt=at |xawtHt #CU}J jwi |w} Q=vU |=Q@ (deal) xrt=at l} “?”
wO u}= |=Q@ d′ = 〈{r1}, {r2, r3}〉 |xrt=at |OvtOwU "CU= xOW xO=O d = 〈{r1, r2}, {r3}〉 u} R=e; |xyH=wt “G”

#CU}J pt=a
=ys=Om (dominated) ?wret |=yxrt=at ’jwi |w} Q=vU |=Q@ "O}vm h} QaD =Q xrt=at wO u}@ (dominance) x@re swyit “O”

#OvDUy
#OvDUy (Pareto optimal) wDQ=B |xv}y@ =yxrt=at s=Om ’jwi |w} Q=vU |=Q@ “y”

#OvDU}v ‹p=vw}UQ |O=Qiv= Qw]x@› =yxrt=at s=Om ’jwi |w} Q=vU |=Q@ “w”
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M»»»U=B

’=yxi}_w |xawtHt T = {r1, r2, r3} u; QO xm OwW|th} QaD d = 〈T,Ag, c〉|}=DxUl} =@ QwLtxi}_w |xvt=Ol} “hr=”
CQwYx@ xm CU= xv} Ry ‘@=D c w =ypt=a |xawtHt Ag = {R1, R2}

c(S) =
∑

r∈S

cost(r)

"CU= r nvU R}r=v; |xv} Ry cost w T R= |=xawtHtQ} R S u; QO xm OwW|t x@U=Lt
w OvDUy OQwt 8 umtt |=yxrt=at "CU= OQwvM} Qt wO x@ T |=yxi}_w R=X}YND l} d = 〈D1,D2〉 |xrt=at l} “?”

%R= OvDQ=@a

〈{}, {r1, r2, r3}〉, 〈{r1}, {r2, r3}〉, 〈{r2}, {r1, r3}〉, 〈{r3}, {r1, r2}〉,
〈{r1, r2}, {r3}〉, 〈{r1, r3}, {r2}〉, 〈{r2, r3}, {r1}〉, 〈{r1, r2, r3}, {}〉.

%s} Q=O “G”

u1(d
′) = c({r1, r2}) − c({r1}) = 11 − 3 = 8,

u2(d
′) = c({r3}) − c({r2, r3}) = 4 − 12 = −8.

%s}W=@ xDW=O Qo = \ki w Qo = δ1 ≻ δ2 s}U} wv|t w Ovm|t x@re δ2 |xrt=at Q@ δ1 |xrt=at s}} wo|t “O”

%OW=@ δ2 |xrt=at |@ wNx@ pk=OL =ypt=a |xty |=Q@ δ1 |xrt=at •

∀i ∈ Ag ui(δ1) ≥ ui(δ2).

%OW=@ δ2 |xrt=at R= QDy@ =ypt=a |[a@ |=Q@ δ1 |xrt=at •

∃i ∈ Ag ui(δ1) > ui(δ2).

Q_=vDt u1 QOVy=m =Q} R ’OQ=Ov OwHw |@ wret |xrt=at I}y ’q=@ QO xOW h} QaD xv} Ry ‘@=D uDiQo Q_v QO =@ w h} QaD u}= =@
"TmaQ@ w CU= u2 QOV}=Ri= =@

’CU}v ?wret =Hv}= QO |=xrt=at I}y xm =Hv; R= "CU= wDQ=B |xv}y@ ’OwWv ?wret |Qo}O |xrt=at I}y \UwD xm |=xrt=at “y”
"CU= umtt |=yxrt=at |xawtHt u=ty wDQ=B |xv}y@ |xawtHt

w CU= u2 QO V}=Ri= =@ Q_=vDt u1 QO Vy=m =Q} R ’“d u} R=e; |xyH=wt R= Q}e” CU}v |O=Qiv= p=vw}UQ |=xrt=at I}y “w”
"OwW|t p=vw}UQ Q}e pt=a wO u}= R= |m} |=Q@ u} R=e; |xyH=wt R= |}=H@=H ’u}=Q@=v@ &TmaQ@

�

Prepared by Kazim Fouladi <kazim@fouladi.ir>, Fall 2018 “1397 |O 10” 4 R= 4 |xLiY


