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. A BARGAINING MODEL FOR INDUSTRIAL WAGE DISPUTES

- James Case

Introduction:

.Consider a firm f' seeking to negotiate.the settlement df,a
.stfike against itself b?ia labor union U . Suppose the union to be ,
made up bf maﬁy membegs, all of whom do the same job and receive the
samé hourly wage. Ahd éssume that hourly wage to be the only item
éf‘contention, so‘that "fringe benefits" may be disregarded.A For;
- then the negotiations take a particularly simple form: .At time £,
the union makés a wage-demand s(t) and F makes a wage offer 7 )
w(t). And if 6(tj < w(t) the strike is over and the union members
go back.to-work. Oor if w(t) < 8(t) , the strike contihues until
"the first instant 'ﬁ =T 'fof whiéh 'S(t)'g.w(t).- There will be
such a first instant'if the functions &(t) and w(t) ‘are suitably-

restricted.

1. Behaviorél Assumptions. = To motivate the restrictions‘we wish
to élace on w(t), letAus suprse that U has, unknowh to F ,
uﬁlimffed”étfiké funésq”:Théﬁbihzﬁhéo}y,.Eﬁé”ﬁniOQ-ieéaérsahaVé
only to presght‘their demand S(t)zzA , and wai£ until the manage-
4ment of F agrees to it; the members of U will never object
’since' U can always‘provide satisfactory strike wages. But in.
fact there aré some demands that F will never agree to. Let .W

be the least such demand; we may think of W as a "break even"



point for F . And by a proper choice of the monetary unit, we
‘may assume. w=1 \ o |
If U chooses its non-negotiable_demand ‘a(t) = A.‘to be no .

less than Al , the sfrike will ne;er end, and F will go oﬁt'of
busihesé; Such things héve.happened. But if U demands A < 1,
we would expect the strike to be settled eventually. It is our
basic assumptﬁoh that; if A is'almost 1, thelstrike will last
a very long time. |

| To make this ﬁotion_preéise, we ﬁhall assume w(0), the firm}s
'initial.wége,offer,.tO»be an insgitufidnally given number a < 1 |
It is_éqﬁal'to the last offer made by f before the walkout. Aléo,
we éhall:aséume that w(t) is tﬁé solu#ion_of a differential \

~equation of the form
. - . dw(t ’ 2
(1.1) S B ey (au(e)?

where c(t) 1is some moderately regular function of t , whose value

is chosen by F , at each instant t > 0, subject to the constraints

(1.2) | - | | 'dgc(t)vgc

-

_Hereafter, we sball refefvto ény such funétion Cc(t) as a fconcéssiqn

 £§h£n;.;;Z$6£éﬂsi@éi§;b:; ééhéégéiogﬁfa~uuw.;hﬂu,ma,;_ el TE IR

1f we allow‘ c(t) to'vary over all possible cbncéséions‘defined

. Qﬁ fhe infinite.intefval 0 < t< o ; we‘generate all the alloWablg_
:functioﬁs w{t). AAnd'these fill a region A(a) , depending on a ,

in the (t,w)-plane. A typical set A(a) is indicated in figure 1.



Figure 1
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It is bounded below by the line w(t) a -and above by the curve
-1

(3) - ow(e) = 1< (ee v (1ma)h T

iy

correspondiné to the concession c(t) C . A point P = P(t,w)
T of A(a) is called an "attainable outcome", and A(a) itself will

.~be called the "attainable set".

-

~in >A(a) zland indeed, in the entire region. _
(1.4) R="(P=pP(t,w): 0<w<1lg t3>O0])
-3by neans of a cost function K(P) = K(t,w) "which.is well and

_ : . and oK/ ot
smoothly defined there. .Presumably, both 0K/dw /are positive in

R , so that the level curves of K have negative slope. Also, we

assume K(t,0) to be unbounded.

Néxt,,asSume that F can rank all the possible outcomes P

L N
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If the leaders of U should now announce that they will égree
to-any outcome _P‘ in somé closed subset 'S.of R , 'bﬁt to no others,
'_it is clear what _F'S behavicr should be; F should determine a
poiht 'P* in s ﬂ.A(a) , at whiéh' K attains its minimum, and
>choose a éoncession wﬁichv drives the system (1.1) to P*¥. And if
‘S is the upper hélf ;lane w > A ,as shown invflgdre 1, the minimum
of K over VSf\A(a) océurs 1r; the lower left-hand corner of that
intersectioq) So  F. sﬁould ghoose c{t) = Cc . 1In short, when -
confronted by a sufflciéntly wealthy or obdurate ﬁniop, a firm has
1no,ch¢ice but to meet any demand A < 1, and the quiéker tﬁey:dov
it, the betfer. | |

our point is thaf; even With:the_deck,so>s£aéked azainst it;
a firm will fightf  It Will nct agree immediateiy to ary demand
A %_l , but will force the uﬁion to "show its strength" by holding
out for aAcertain.iéngfh bf time first. VAnd thé}léngth of timé.

- will be great if A iéznearlyvl | |

In our simple'model, we may even calculate the length‘of time

required for F to increase its offer from w5 to A . It is

. N . ) . A__wo . ‘ . - . , ‘.
(lo5) . . f(WO,A) = bl == . . . . .
sl e ,wﬂ,fgLC(;fA)Qlfwo>“ ST e T e T ey e

We nbte in particular'that f(a,A) becomes infinte-as /A hears
ﬁhity, and is a decfeasiﬁg‘function of C |
Happily for the general.business outlook, few unions are
either as wealthy or as intransigent. as the one we have been diséuésing,

For in practice, when strikes last too long, the union members become

K



restive and‘force‘their leaders to reduce the demand. But to under-
Stand ciea:ly how this may come about, we must.inquire as to the motivés
of the unigh leader%hip, The view we shall express here leans heavily
on the pbsition of A. M. Ross [ L 1], and more directly, on ﬁhat of‘O;
-Ashenfelte£ and G.E. Johnsbn-[ 1 }.  In essence, we shall assert that
the objectives of the union leaders are distinct from those of thé
members of U , but are écéomplished more often than not; by satisfying
the expectations of the union rénk and file. Thé distinction will be
'eséential fér all that follows., |

At any time t , durirg the strike, the workers have a median
ekpectatioﬁ e(t) , wh1c£ represents-the wage they expect thé strike
to win'fof them. It is‘related; we'shall’assume, to its initial

value e(o) = ey and to F's current offer w(t) by

(1.6) Coe(t) = e, e P 4 {1-eTPEu(e)

‘Tﬁus; régardless of the members' initial expeé;ation eorJ théirf
cﬁrrenf expectations decrease (for we asguﬁe, naturéliy, that

e > w(0) = a) atl.an exponeﬁtialv rate to the .company's current offer,
And their "disappointment“ i; ary outcome: f\T w(T)), which is the
name we shall give to. the quapti;y'

S -vw<‘fr-'> - Cegmutme®

may be made arbltrarlly bmall at any aw';'just by choosxng T iéféé»

enough. But it vanlshes only if w\T) e, - Natuélly the. leaders .
of U w1ll try to obtaln an outcome which the members will not find

too=disappointing. ‘And we will adopt the convention that &(t) < eb

~always, so the strike enas. automatically if ever w(t) = e, - It is

clear that, without loss ofrgénerality, we may choose the unit of time

so that p,=II



The union leaders dare'nbt.hoid out too loﬁg in their effort
to make (1.7) small. For if after a certain time t o, the strike
wrests no further éoncessions from F(-i.e. co(t) =0 for t > t;);
‘or only. small ones, the union members will regret the failure of theif>
-leaders to‘sign ﬁhe céntféct offered them é£ time t = té . And ﬁhey
will be fespoﬁsiVe to a cardidate for the union presidency whb,‘béque
the next élect;on, looks back over the history w{t), O <t<rT
of ﬁﬁe negotiation, and(qampaigns on the platform thét’he would have
agreéd‘to'thé contract offered at the ihétant 17 for which the
.qﬁantity‘ w({)(T-T) is largest;bthus save the workers that amount
in lost wagésn So the union leaders must endeavor to limit not only
'_the<mémbers' disapéointment term (iHY),,but aiso‘their "regret".
(1.8) O max  w(o)(Ter)

0 < ¢+ <T.

' We emphasize that regret is noﬁ simply a fﬁnction of the final outcome
(T,w(T)), but depends.on the entire negbtiation hiStdry; The fact
that iﬁ can be computed oniy thru hindsight does not mean that the
‘union leaders may ignore it.

“/ Nowrsuppose‘thagx'aﬁ the end'of the strike, there were a_point
Poto, W(ty) on the graph of the history w(t); 0 <t < Toat o
'whichlboth the  disappointment (1,75 and the regret (1,85 had sﬁallef
values thaniat>the final outcome Pf(T, w(T))Q‘ Theh a candidate in
the next election céuld claim with great'éffeét that he would have
signed at about to ,‘and so have improyed on the incumbent's per-

formance by either index. For if the difference T-t, is at all

large, that claim becomes entirely plausible.
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But had the union leaders been ablé to choose the termination

time T so that, for some m > O , the function

(1.9) 3 (&, W) = mle, pwlt)e = & max wlr)(t-r)

had a minimum at t =T , along'the‘graph G of wit); o< t<T
in R , there could be no points P, on G which are prefered

to P by both indices. So challenging candidates would beAable

f
to attack only the incumbent's choice of the weighting number m‘,j
a less damaging kind of atgack by far. | |

So let’usvassome, for the moment, that the umion_leadefs have’
solected-a weigﬁtihg m ,- Then U and F are the players in a
differentiél game Loa strategy for F is a function }g(t,a)
definéd on Ri and taking values in the 1nterval (O, C] aAnd a
sfrategy for U 1is a pairr (S,J3i) 'consistlngrof a-closod.subset
S of 'R , called the set of "acceptable outcomés”; and a function

gi'(t,w) from T into [0,1].

To play the game, U observes w(t) at each instant t , and

demands s(t) = Jﬁkt,w(t)).' and F responds by choosing

c(t) = Zi(t,&(t)) = ﬁf(t; \ij(t,w(t))) Y 50 thot tﬁe negotiation
hisﬁory: w(t); 0 <t <w is the solution of the initial value |
et B I
(1.10) & we) = By, Jewonawen” s wo) - a

Play continues in this manner until the first instant T for which

Pf(T, w(T)) 1lies in s . Then, as the outcome 'Pf is acceptable

,1A theory of differential games does exist, and is described in
[ 2] and [ 3 }. But it is inapplicable here for a host of reasons,
so we shall be forced to proceed by ad hoc methods.



"to U it signs the‘contract offered by F at time T , and the
' members of U go back: to work for the hourly wage W(T).

We shail requlre that U. always choose a demand‘poliey
Wthh is monotone in the sense that Jﬁ‘(t,w) < Aff(t',w‘) -when_
t > - and w > w'.. - For then 6(t = ii}t,w(t))- can never
increase along any solution w{t) of {1.10), and we may interpret

the demand 3{t ) = ¢

o o as an offer by U to go back to work, at any’

time t > t

o7 for the wage 60 - The offer cannot be withdrawn at

a later date.
Indeed, since U knows from (1.5) that the demand 8, can be

), F may conclude from 5(t ) =&

O

metrat"t'z t, fgw(to))oo

that S contains at least those points P(t,w) for whlch

o

S(1.11) N BT S f(w(to),no)'_ - and w

The gamble alwaye-is, of:course; that S may also containtpoints_
P'(t'y,w') such thet K(p') < K(P), but which U has not choeen
to.r'e\'feal thru its demands ‘.6(7)., o < T <t

If the offer to'go baek to work at time ty were good only
ontil to + h , it would reveal less about the contents of S . 1In

fact, if h < f\w(t ) &, )5 the offer reveals nothlng about S , as

““the demand cannot be met by the deadllne h’  Ana though'we”neve'wﬂvaw'u

eliminated them here by assuming Jﬁl monotone, we doubt that dead-
lines - h < f(w(to),ao)' are unheard of in practice.
We shall require also that Ja’ "progressively reveal"” S » by

which we shall mean that Jaf(t,w) is'the least number & such that



P(t + f(w,5),5) 1lies in S . 1If Nl progressively reveals S ,
then J}I(t,w)-w is the_largest wage 1lncrease U can still hope to

win, given that U A must agree to any outcome P in S , and that

f
F. has increased its offer only to w by time t . Cleariy the set
'S determines the function - 09/ which progressively reveals it in a
unique.way. And the only sets S which may be feveéled-by monotone

. ‘ : 1 . - .
functions &}’are the epigraphs of non-increasing functions.

By way of a solution for the game'between U and F , we shall

seek a pair (5 *,(s*,J )), ‘as well as the solution wx{t) of
(1.10) and an outcome - P% = P%.(T*yw*(T*)) which correspond
thereto, such that

N ‘ : . 0y

(1.12) K(Pe) < K(Pg)

for every point P in S¥, and

(1.13) o T (W (Tr)) <0 g (t,wx(t))

for every point  P(t,w#(t)) on the graph of wx(t). In short, we

seek -a Nesh equilibrium peint in the class-of-admissible pairs

(s, iﬁ )- and functions )’y

) Tﬁeireasons why U and F should seek an odtcome P; with
V'the propertlesi (l 12) and (l 1,) have already been dlscussed By ;JJ_
that dlscu551oﬁ, we have reduced a 51tuatlon 1nvolv1ng several dletlnct
"coalitions" namely the firm's managemert, . the union's 1ncumbent

.leadership, would-be leadershlp, and rank and file membership (and

possibly the stockholders in the firm as well), to a two player game.

lThe epigraph of a function f{x) 1is the set (x,y): vy > f(x)}.



But we do not assert that the eliminated players have no role; it -is
they who determine the type of solution which the remaining players

'must_endeavor to find.

2. The Nash Equilibria: In view of oﬁr earlier discussion of wealthy -
uniohs, one might expect ‘equilibrium poiﬁts of the form ﬁf*(t,a) =C,
S x(t,w) = A , and  5* = {{t,w) ¢ Rt w > A}ll to exiét,. And indeed
if the minimumﬂof the function (1.9) along the curve (1.3) is located
at (to,wo), Athe choicév & = w_  yields such an equilibrium point.
For, as the reader may feédily vérify; the conditions (1.12) and (1.13)
are then satisfied. So let us determine'the location of the minimum
-of (1.9) along a cﬁrve of the type
)

b

'(2.11) - Cwlt) = 1 - (et + «
:of which (1.3%) is-the‘special case O = (1—a)_l” .

On such a curve, both eolj w(t) aﬁd et are positive and
decreasing, so that (1.7) is too, while (1.8) increases without bound.
Hence the‘graph of the fﬁnction<(l.9)\3hould have roughly the shape
inéicated in figure 2. ' | | '

If we are to minimize (1.9), we must first ask where, for a

given ‘T , the quantity "A(T,c) = w(<)(T-1) attains’its maximum.

lIt is clear that oér* reveals S* progressively.
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is a decreasing function of ¢ on the interval o0 <1t <T, and

is egqual to -w(T) < O _whenb r=T . So A(T,r) attains its
maximum over that interval when ¢ = 0O, if AT(T,O) = (CT+a—d2)/aej§O,
and in the interior otherwise. Thus AT(T,O) is a linear function

of T ~with positive slope, and there is a first ‘T = Ty for which
it is(nqnfhegative. VP,(T"w(Tr)) ’lS the last outcome on the hlstory
-(2.1) forfwhich ‘if the contract is signed there the workers' regret
will ‘date from the day of the walkout, rather than from altime during
the strike.
To determine the locus of the outgomes Pa(Ta’w(Ta))’ we suppese'
that the negotiations have followed.the course (2.1) to an outcome

P(T,w(r) in - R . Then, solving (2.1) for a vyields



(2.3) o -

so. that

(2.4) CT + a - a° -

if and only if

2CT+1 - JJECT+1

1 - éT(lrw(T))

1-w(T)

1_- (QCTél)(l-w(T)) + CZTE(I-W(T))Q

(2.5)
2C2T2

< l-w(T)

v
o

(1-w(T))2 |

) 2CT+1 + \WEE:I

<
2C-2T2

That is, A(T,tv) attains its maximum over the interval o<t <

at 1= 0 only if Pf(T,w(T)) lies above the graph of

LG) ‘ Cw - -

~—~
N

2T+l - JhCcT+1

2C2T2

in R . ;This_situation is indicated in FigureYB,‘where the area under

(2.6) is shaded over.
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It is clear from the.linearity of A+:(T,0), that the curves (2.1)
must pass into the shaded zone and remain there.
Next, let us suppose that (2.1) passes under (2.6) so quickly

that the payoff (1.9) is still'deéreasing at the time of paésage.

Then A(T,T) attains its makimum at the instant +© = ¢(T) for
which '(CT+a)2 = CT+x or, equivalently, when

- , 1/2
(2.7) W) = 1 - (1ew()Y

- And (1.9) becomes

- ) .. R __T .
(2.8) J(T,w(T)) ="m(e_-w(T))e = + A(T,o(T)) = J, (1),
a function of T ‘alone. So (2.8) aﬁtains its minimum when
d . a, o a
GFr (T = mgp (egmw(m)e™™ v AT, (1))

1

Ay a(1) ¢ 2 (1,o(mFRE - (e w(r)e ™ - Tm ST

(2.9) |
A V) 2 -T
= wio(T)) - m [eo-w(T) + c{1l-w(T))=] e
. = 1 - JIw(T) - mlc(l-w(T))? + e -w(T)le T
changes sign. * The ldcgs of points Pf(T,w(T))’ where this takes
place is a curve ry :-Fl(m)' which crosses the line w=1  at '’

(log m(e -1),1) if e > 1 (bdt does not if e < 1), slopes down-
o o _ o - _

ward to the right, and approaches the line w=0 -asymptdtically. ry is
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shown for the case e, = I'+l/m > 1 in figure k, The broken curve
r, will-be exblained presently,

2 .
, Now recall that the curve (2.1)'thru the origin_cbrfésponds to .,
‘thé paraﬁetér value «=1, and the curves for which 0 < w(0) < 1
gorfespond to paramete:s a > 1 . vLef ag, be the parameter of the
curve (2.1) which basses thru thé intersectioh of T with_the grgph

of (2.6). Then for 1 < o < a_ , the minimum of (1.9) along the

(0]

“path (2.1) occurs at the intersection of that path with ry - But

along paths for which o > ag s (1.9) has the form
(2.10) CJ(T,w(T)). ::bm(e -w(T))e + aT = . J2(T)

rather than ‘the form (2.8). .o the mihimum"ié'attained-at the instant

when |

(2 li) 4 J.{(T) = .a - m'[c'l—'w(T'))2 + e -w(T)"Je'T
- dr Yo' B NI "o ,

chénges sign. And the locus of points Pf(T,w(T)) where this takes
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.place is the curve F, = Fg(m) shown in figure L, I, crosses w=1
at'(log'm(eo-l)/a, 1), 1lies above r, in the unshaded portion of
R , and below ry in the shaded portion¢ With the help of ry and

r, , it is easy to construct equilibrium points of the desired form.

2

If a > a, > 1 - l/ao , we take for S* the intersection of

all those closed upper halféplanes WhichAcontain-the point P*(m)

at which'(l.5) meets [, = Fg(m), - And if a < ag we take P+(m)

no

to be the intersection of (1.3) with ry , then form s* as before,
We leave it for the reéder to vefify that there are no other such
equilibrium points. | | |
Here, a few words on the proper choice of the weighting ﬁumber
m are in order. For it is. rnot neceséary that the U-leaders choose
;mA eXactly on the day of thevwélkout. Rather, ' they may decide on an
upper bbund ‘M.g m, and make their éemand equal to A*(M), the

ordinate of P*(M). Then if, during the course of the game, it

simply reduce their demand to Ax(m) as the point (t, 1-(cCt +~(l—a)~l—}}

becomes apparent that they should have chosen mA<‘M 5 they may

nears P%*(m), . since the’létter is always reached before Pp#(M). along
‘» (1.3).

If the coordinates of P*(ml) and . P*(mg) “are (tl;wl) and -

(té,wg) *fespectively}"U 'canfdecide-whether-'ml .is-a:better choice

than m, > m; Or not by asking the members "would you rather go back
to work at time t) at wage wy, or hold out for another t,-t;
days to obtain a further increase of W, mWy dollars an hour?" "~ And

if enough pairs (ml,mg) are compared in this way, the union leaders



*;will be able ﬁo make a very educated guess as to the proper value of
the weighting number m |

But it‘séems'unlikely that U could ever, in practice,
énforce an outcomefof the typé P¥(m), however well m were chosen.
For ifrunions één bé intransigent, SO can management. Indeed they
may e&en seek to enforce an outcome Qf 'lying'on the line w=a, for
there 1is an equilibrium of this sort as well. To find it, observe

that if F puts c{t) = 0, then w(t) =a, and (1.9) takes the form

(2.12) -VJ(T,W(T)) = m(eo—a)e_T + aT = JB(T)

So the function JB(T) also has roughly the form indicated in Figure 2,
‘and attains its minimum when
(2.13) 4 J.(T) = a -~ m(e —a)e_T A: J(T,a)

' ar 3 . o °/ A

changes sign. And the locus of points at which this takes place is

the curve 1, = PB(m) shown in Figure 5,.again‘fof the case ‘éo = 1+1/m,

3
W,

u)'—i

1|bia

v

Figure 5-



The verification that r,

3

really does lie beneath Ty , as shown, will
be omitted. It is clear :that both

3
at (log m(eo-l),l). And it is also clear that, if F really does

ry and T, meet the line w=a-=1

put c¢(t) =0; 0 <t <o , U can do no better than to sign the
cOhtr;ct:offered when the point (t,a) reaches,rQ%z Q*(m)» where w=a
crosses T (m). | 7 |
Whether or not such beha§1or is optlmal for F depends on the
nature of the set § which U has chosen. For instance c(t) =

0 <t <w is not optimal against the set S shown (shaded) in
. . Q

Figure 6, because s cohtains points/which lie below Aa , the
level curve of K which passes thru . Q*

: ////// ‘ B

}t

So if F- had made only a small concession at the beginning of the

sfrike, the strike could have been settled at the cost. K(Q) < K(Q*).



Indeed, itlseemé likely that many firms‘enter contract.negotiations
beliéving that Q* 1is the wbrst'outcome that can result. So they.
chooseé a level éurve AQ ‘inside Aa , and walit for U to reveal thru
its demand policy & , a point -Q in S which lies on or inside
4AQ" And presumably. they inform .U (perhaps thru secret channelé) of
the particular AQ they have chosen, on the theory that U will then
'try'to persﬁade them to settle at some A' 1lying between AQ and
AY | etc. In short, F would probably feel that its ability to ehJ‘

Q
force ‘'the outcome ' Q¥ guarantees an outcome lying on or below Aa

| And it seems alﬁost equally certain that unions have ehtered:
strikes feeling that they could enforcé an‘outqome of the type
P*¥ = P*¥{m), a&nd so should earn the'wége A*(m) . But in fact both
-are wrong; ﬁeither éarty can enforce either type of oﬁtcome!

To see why not, suppose that’ U‘ actually does open.negotiatiohs

'by offeringAto éo back'to'work at any time for thé wage w = A*(mj',
A'but for no lesser figuré.’ And suppose that F reponds by refusing

to make any concessions at all until U reveals, thru its demands,

*

the presence of a point @ in S which lies beneath AQ Then
after -a few days, : U's demand will still be 5(to) - Al m)
and F's offer will still be just W(to) = a . And the still attain-

able-oﬁtéémes Wili no iﬁnger fili fhe entiré set ‘A(aj; 'butlénly'
the part of it lying beneath the curve (2.1) which passes thru
(to;é).“So even if F should switch, when ‘t = t,, from c(t) = O
to c(t) =c, U cén noylonger hold out until w(t) = A*(m) , or

even until (t,w(t)) _reaches ry - Rather the union leaders must

agree to terms when the functional (1.9) attains its minimum.



~So let us minimize (1.9) along a history w(t); 0 < t < ®»  of

_the form shown in figure 7. It is clear-thét to maximize w(<7)(T-7),
‘¢ .must be zero‘for a large range of values T . And for T 1in fhat
range, (1.9) has the form o .
(2.1h) I(r,w(T)) = m(ey-w(1))e™ +ar = (1),
Wa .
W

which is identical with (2.10).  Hence (2.1h) attains its minimum

~whére the graph shown in figure 7 crosses I, = Fg(m). We note that

2

-rl?FQ’ and AF5 meet the line w =-a when

T, = log'm (eg-a + c(I-a)®)/(1- JI7E)
T2‘ = logm (eo-a + C(l"a)2>/a , and
T5 = lOg m (eo—,a)/a o,

-respectively, so that their relative positions’are as indicated in

Figure 5, and again in Figure 8.
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Figure 8

We interpret the figure as follcocws: If tO is not too much smaller

than T, and if Py (T(to),w(T(to))) is the point of intersection
2 o . A

of ‘the graph of w(t) with Ty s then +« must vanish to maximize

w(;)(T(to)—T) - So (1.9) has the form (2.1k) along the history

w(t), and has a local minimum at . P, . That is,’ w(T(tO))ma is
- : o) .
the largest wade increase U can still hope for at time ,to , 1f

w(to)‘;;a'. And if U wants that wage increase, it'éhbuld certainiy

inform 'F that Py “is in S by setting 6(to) = w(T(tO)), To

o . -

determine the desirability of Pt to U , it is helpful to sketch
o .

the graph of the payoff (1.9) along the history w(t) shown in

- Figure 7. This has been done inAFigdre 9, for the case T5 < t, < T,



which is the case-of interest. On O

(WA

t <t., (1.9) has the form

O td
(2.12) and takes its minimum at ’t;Ta . But on t > £y (1.9)
is of the form (2.14) and has a minimum at t = T(to) , the instant
at which (t,w{t)) .crosses r, - Also, (1.9) is everywhere con-

tinuous. along w(t) and has a continmious derivative every where

except at t:tO , where there is a jump discontinuity of m C(l-a)d “to

j/\

Y

t
- Figure 9
Thus - if T5 <'-tO < T2 , U's payoff has local minima at t = T and

3
t = T(to). If t, 1is near Ty T(to) is the better stopping

~time. But if t_ is too large, T, 1is the absolute minimum. And

b)

there 'is a Qo (shown above) for which the minima are equivalent.



Thus U may sometimes allow the game point (t,a)k to
continue right on pést the p01ﬂt Q¥ shown in Figure 6, even though
0¥ is dptimal for U along Q:ai For U_'has reason to hope that
F may be moved, at some time T_j < ty <'€O , to switch from the
tactic c(t) = 0 to cft) =cC , at least until ¢t = T(t,). Indeeq,
8] canbusually offer F an inducement to do this.

The nature ofAthaﬁ irducement is indicated in Figure 8.
There is an innermost level curve A% of 'K which meets I's , say

“at o _ Qr(m) . * And there‘is a last instant t:tz at which F
'may abandon the tactic c(t) = b , and still reach @ . So if

t* < t

o o 7 2% will be an optimal outcome for "U , as well as for F

That .is, if U chooses 8% to-confain all thosé outcomes P(t;w)
‘lying above w = a*(m) or .re(m), and chooses Tx(t,w) fo reveal
S* , Wwhile F ChOOSeS>£?*(t,6) to guarantee K(x), and_to‘securé
a better outcome if ore is rgvealed by U, the pair (;f*S(S*“g*))
will satisfy the conditions (1.12) and {1.13). bnly P*; Q*, and
£2x  are equilibfium outcomes in this sense. |
NextAObsérve thafa in Figure 8, the position bf 1934 debeﬁdé
prECipitouély on the shape of the levél‘curvésAA of K . Fbr if they -
are éoo flat,' QF will lie low on r, (perﬁaps even under -w;a)l
and  Qx .wili ﬂbﬁ‘béﬂtﬁé‘éggéiuté miﬂimum'éf‘ J .aidng w(ﬁ):' Of

if they are very steep (i.e. if F is>9ery vulnerable to strikes),

Ax = {PcR: K(P) :AK(P*)} inside A¥, so F ‘will do best to

p :
~ put jf(t,w) = C and give in to the initial demand. ~* . In this

case, F's opening offer w(0O) = a was too low. And in the former

case U should never have gone out on strike at all.



The most striking of our conclusions is that F cannot enforce

the outcome Q% . For U simply will not sign a contract for w=a ;
there will always be a period ts § t < T. at the end of the strike
(however brief) in which c¢{t) =C , so that T, is the relevant

<

In short, there will be a concession.

terminal curve; rather than FB
Andvgiveﬂ that F must concede sémething,'it.should try to obtain the
least costly concession outcome 9*_ (or ccnceivably P#*) to which
U will agree. | |

‘Finally, we shoula poinﬁ out that there is no need that the
negotiations should'approach thé.outcome. ¥  along a path like that
shown in Figﬁre 7.  For as lorg és ‘w(t) < a Té/(Tg—t) for every |
0 <t < Tgk, the fupctiohal (l!9)4hés the forh (z.lh),baﬁd attains-its
minimuﬁ at 2% =-Q*(T5 , wi{T§)) . So F .Can; if it likes, make its

major concessions earlier in the game, énd still achieve exactly .the

same outcome £ . But if F makes c(t)

~ too large at the very

‘outset, there may be a time when w{t) > a T; /(T;—t), so that (1.8)

exceeds at along w(t), in which case U wiil‘be able to hold out

for ah outcome 2 which>is slightly moré costly‘to F -and more

ﬂsatisfying to the members of U . But, as the reader ﬁay verify, this

‘possibility'exists only dufing fﬁé vefy early momerts of play. There-.

' fore it seems most’uhli%ely thét.>F -would ever err in such fashibn;,
Nor is there any need, in reality, for U'-to make demands B(t)

IWhiéh faithfully reveal S . Indeed it is far more 1ikely.that U will

perturb its demand strategy Jj so as to make m seem larger and op

smaller than they really are. But such efforts are unlikely .to be of
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~much avail, if 'F makés judicious use of the so-called "Bullware
tactics", whefeby ménaéement seeks to infiltrate U .A For if this
can be.doné, F may ask the,Samehquestions for the determination df_'
m thét we earliér suggested the union leédersrshould ask. And inv
praétiCe, it is likely often thevcasé that F has a better knowlédge
- of the parameters of (1.9) than does U

Numerous improvements on the model are of course possible. ‘For
in reality, fringe benefits often play an important role in sﬁrike
settlements, and‘thére are usually several salary scales (apprentice,
'créftsman, master craftsman, etc.) to be considered. So &(t) and
w(t) should be vectors rather thén_numbers; Also, (l.i) and (1.2)
should be réplaéed by probabilistic assumptions, so that'oﬁly the
mean time (1.5)‘required for F. to increase.its offer from Wy tolé
could bé célculated,»élohg with cefﬁain of the moﬁents about thaé mean.
_But we feél that even the'preéenf'Very‘simple'médel sufficés‘to de-
monstrate thag, gven‘if;the negoﬁiators are entirely rational (and

quite well informed), strikes may well last a long time.
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