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building were inadequate in size and badly equipped. The top 

executives of the construction firm had divided into several 

factions over what should be done in the long run and in the 

short run to ameliorate the situati.on. 

Several executives supported moving the HSD to a new 

location in order to increase its chances of improving its mar-

ket position. Others supported such a move because they felt 

it would be easier to eventually ease the department out of the 

firm. On the other hand, certain executives who believed in the 

efficiency of centralization argued that the facilities of the 

HSD should either be improved at the current site or phased out. 

Still others, heads of expanding departments, were simply anxious 

to acquire the space used by the HSD one way or another. 

A previous attempt to directly phase out the HSD had failed 

when the HSD head, a powerful senior executive, had opposed it. 

He had furthermore announced that he would not cooperate in any 

search for a new location for the HSD without a prior public 

commitment from the president in support of the long run goal of 

improving the market position of the HSD. His current attempts 

to secure backing for his position were seriously disrupting the 

normal operations of the firm. 

by 

In view of this background information, denoted hereafter 

,,0 " w , the president of the construction firm decided that 

the time had come to settle the problem. He considered the 

following candidate (long run) goals, (short run) controls, and 

derived policies. 



Candidate Goal Set 

G .. {g,: ( :~r~~D Share) .' 
. increased 

" g (HSD phased out)} 

Control S.ets (one control set Ag associated with each 

candidate goal g) 

II. , 
g {

' (bUY new eqUiPment) 
= 1..

1
: for HSD at ; 

current site 

(

appoint committee) A;: to search for ; 
new HSD site 

(

appoint committee) 
A ;': to search for ; 

new HSD site 

( 
A{' and) 
announce 
goal 

( A;' and)} 1..4.: announce 
goal 

(

1..'1', and) 
A ;': announce 

goal 

( 
1..'3', and)} 

A ~': announce 
goal 

Policy Choice Set (set of all candidate goal-control pairs) 

® == U «(g} X Ag) gEG 

( " ") (' ') (' ') } - (g, 1.. 1), (g , 1.. 2 ' g, 1.. 3 ' g, 1..4 

os fe, .•. } 
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For each policy 9' in e the president asked himself 

the following question: '~at distinct situations (i.e., state 

flows We') might obtain if I -implement policy 9' 1" 

State Flow Sets (one set 0e of state flows associated 

with each policy e e e) 

For policies g : of HSD ; 
(

, (market share) , (bUY new eqUiPment)) 
AI: for HSD at 

where 

above). 

increased current site 

and ( (
A{' and)) 

g', A;: :~:~unce : 

(
HSD market) (HSD market)} m2! share , m3: share 
stabilizes increases 

attitude of other . attitude of other t (
negative diSrUPtiVe) 

X 1: deparbnen~s towards ' 
HSD cont1.nue s 

(

negative disruptiVe) } 

n2: d d' epartments towar s 
HSD dissipates 

o 
W is the "information state" of the president (see 



(

, (market Share) 
g : of HSD , 

increased 

, (apPoint committee)) 
A3: to search for 

new HSD site 
For policies 

and f. ( A;' and) ) 
\g' 'A4: ·:~:~unce : 

For policies 

and 

{ (

force out) 
f

1
: attempt , 

fails (
force ou t)~ { } f

2
: attempt X n1 , n2 

succeeds 

t (phasing out ) 
Xl: of HSD made ; 

more difficult (

way opened for)} 
P2: smooth phasing 

out of HSD 
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( (

HSD) (apPoint committee)) 
g ": phased , A;': to se~rch for a 

out new s1te for HSD 
For policies 

and ( (
A;" .and)) 

g , " A 4': ::~unce 

(

HSD head )} 
, h

2
: c::ooperates 

1n move 

Event Flow Algebras 

For each e e ®, let 

The policy chosen by the president was 

(

., (market share) 
g: of HSD 

increased (

appoint committee 
A~ : to search for new 

HSD site, and 
announce goal 
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) . 
This choice might have been rationalized as follows (see section 

4). To each state flow w' e 0e" e' e ®, the president 

i d '1' b u(w'\e') ass gne a ut1 1ty num er representing the desirability 

of [w'} obtaining, conditioned on the event "decision maker 

chooses e'," d b bil ' b ~([w'}1 e') an a pro a 1ty num er ~ repre-

senting the likelihood of [w'} obtaining, conditioned on the 

event "decision maker chooses e'." He then calculated the 



expected utility 

So ,u(wl e) cr(dwl e') 
. e 

corresponding to each policy e' e @), and chose the policy 

yielding the maximum expected utility. 

Discussion. The president's probability and utility 
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judgments concerning various event and state flows can reasonably 

be assumed to have depended on both his contemplated goal and 

his contemplated control. In support of this claim with respect 

to probabilities, consider the controls 

(

appoint committee) 
A '. to search for new 
4' HSD site; e 

announce goal 

and the event flows 

A ,; 
g (

appoint COrrDIlittee) 
A ". to search for new E 

4 • HSD site; 
announce goal 

A " g 

Since the two controls A~' A~' and the two event flows E', 

E" are logically identical in content, without loss of 

generality let 



X* : 

E* : 

(

appoint committee) 
to search for new == X' == X" 
HSD site; 4 4 
announce goal. 

( (wo} X (S : (search )V== E' == E" 
1 successful ~ 

38 

(wo} By assumption is the president's current information 

state with respect to the HSD problem; thus presumably 

, 

and 

. a(E*1 (g " X*) ) = Prob«(Sl} I wO, (g' , x*»'a«(wO}1 (g', X*) ) 

= prob«(sl}lwO, (g " X *» (8) 

I " a(E* (g , X*» = prob«(Sl} Iwo, ( " g , X*» 'a«(wo} I (g", A*» 

"" prob«(sl} I wO, ( " g , X*) ) 

Since ° w contains the information that the powerful HSD head 

will not cooperate in the search for a new HSD site unless 

g' : (market share of HSD increased) is announced by the 

president as his chosen goal, it seems plausible to assume that 

P b «(S (
search ) } I ° (' ~ *» ro 1: successful w, g, I\. 

(9) 

( (
se arch ) } I ° , , > Prob( Sl: f 1 w, (g ,X*» success u 
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In combination with (8), inequality (9) implies that 

a(E*1 (g', iI.*» :::- a(E*1 (g", iI.*» 

i.e., for fixed choice of control ,\*=,'=," 
1\ - 1\4 - 1\ 4 ' the 

president assigns greater probability to 

E*:«(wo} X [Sl: (search successful)}) e e(g', iI.;) n e(g",iI.~') 
, 

when contemplating the goal g : (market share of HSD increased) 

than when contemplating the goal g": (HSD phased out) • 

Similarly, it seems plausible to assume that 

a(E*1 (g', iI.;» > a(E*1 (g', iI.;» 

i.e., that the president assigns more probability to 

E*: ([W
O

} X [Sl : (search successful» under the policy choice 

(g', il.4) than under the policy choice (g', iI.;) For 

iI.; : (appoint committee to search for new HSD site) and 

il.4 : (iI.;, and announce goal) differ only in the announcement 

of the goal. Yet, as the president knows from [wo} , the HSD 

head has stated that he will not support the search for a new 

site unless the president publicly commits himself to 
, 

g 

In support of the contention that control specification 

affects utility judgments concerning future events, suppose 

that in place of the control iI.{: (buy new equipment for HSD 

at current site) the president had specified the more detailed 



controls 

(

buy expensive brand) 
All: X equipment for 

HSD at current site (

buy cheaper brand ) 
A{2: Y equipment for 

HSD at current site 

with identical associated state flow sets 

Consider the state flow 
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w*: 
( (

negative disruptiVe)) 
o HSD market attitude of other 

(w }~m3 : (share increases) ~ n2 : departments towards ' 
HSD dissipates 

an element of 0(, ') n O( , ,\') g ~ All g , ~12 
It seems plausible 

to assume that 

i.e. ~ that for "fixed output" w* ~ the president prefers to 

minimize costs. 

Finally, in support of the contention that goal specification 

affects utility judgments concerning future events, it should 

first be noted that satisficing search models, control models, 

and econometric policy models accept this as commonplace. The 

specified goals (target trajectories) play the role of 

"aspiration levels" in terms of which the effectiveness of 

alternative controls is evaluated. Utility (cost) is a function 

of the "distance" between the state flow which obtains and the 

desired goal. (In the gc-expected utility representation 

for the control model established above in 5.4, the target 

trajectory is an "ideal"state flow.) 



goal 

Returning to the Construction Firm Example, consider the 
, , 

g : eHSD phased out) , the control 

(

attempt to force ) 
A. ". HSD head out 

2 . of firm, and 
announce goal 

e It " g 

and the state flow 
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( (

force ) 
,,0 out 

Ul : [Ul }, f l : at~empt ; 
fa~ls 

(

negative dis- l h 0 

o 0 d P as~ng 
rupt~ve att~tu e out of HSD 

nl : of other depart- , PI: (made more )) , 
ments towards dOff 0 1 

o ~ ~cu t HSD cont~nues 

an element of °eg , ',A ;') Once the president publicly 

commits himself to a goal, it seems reasonable to assume that 

he views the attainment of that goal as a measure of his 

effectiveness as a top executive. Suppose in addition to 

the president had also considered the candidate goal 

( 

HSD head phased out if six ) 
o. month trial run with new HSD 

g. head doesn't improve HSD 
market share 

with control set It o 
g 

= A " and state flow set 
g 

, , 
g 

'\gO ,A ;') = 0eg" ,A ;') Then, under 
, , 

Ul the event "new 

HSD head" does not obtain, and the goal o g 

irrelevant. In contrast, under 
, , 

Ul the goal 

blocked. It thus seems plausible that 

simply becomes 

, , 
is directly g 

In order to give an alternative, state-consequence-act 

formulation for the HSD problem, it would be necessary to 



42 

specify the choice set in terms of functions mapping states into 

consequences. For example, it might be assumed that the "state" 

s:(no suitable new location for· HSD available), the "act" 

X: (appoint committee to search for new HSD site, and announce 

goal), and the "consequence" c: (search fails and disruption in 

firm continues) satisfy the functional relationship 

X(s) = c 

In the actual case study the control A was implemented 

by the president; but, even if s had obtained, a unique con­

sequence would not have been determined by s and X. An 

unforeseen event s':(market share position of HSD stabilized 

due to external market factors) dissipated the disruption in 

the firm before the search was even concluded. Since relevant 

but unforeseen events such as 
, 

s commonly arise in real world 

decision problems, the specification of real world actions in 

the form of functions taking states into consequences would 

generally involve some immeasurable amount of approximation. 

Secondly, the specification of such functions in effect 

requires the decision maker to behave as if he believed that 

certain conditioned events had probability one (e.g., Prob(c given 

s and X) = 1). For many decision problems (e.g., the HSD 

problem) this requirement seems to entail a significant 

distortion of the actual decision making process. 



.. 

43 

As the gc-formulation of the HSD problem demonstrates, 

certain decisions can be given an expected utility rationalization 

even though the decision maker specifies his available actions in 

the form of partial rather than complete contingency plans. 

6.2 EGG EXAMPLE. The principal purpose of the following 

simple example, a modified version of an "egg problem" by Savage 

[9, pages 13 - 15], is to illustrate how the goal-control model 

primitive sets might be interpreted in terms of certain primitive 

sets used by Savage (see section 3). Comparison of the two egg 

problems may clarify a major distinction between the goal-control 

expected utility model and the Savage expected utility model. In 

Savage's egg problem, relevant but "unobservable" sets such as 

Sl' CI , and Fl (see below) cannot exist; for otherwise the 

elements available for choice (e.g., the elements of F below) 
o 

do not functionally map the observable set of states into the 

observable set of consequences. 

The egg problem also illustrates the three points listed in 

the introduction to section 6. 

A decision maker breaks five good eggs into a pan on the 

kitchen stove, and then decides to instruct his assistant to 

complete the omelet. A sixth egg, which for some reason must be 

used for the omelet or discarded, lies unbroken in the kitchen 

icebox located next to a wastebasket and across the kitchen 

from the stove. 



Assume the full problem can be represented in terms of 

Savage's primitive sets (S, C, F) as follows: 

Set of States 

S = fs ': (:!;th ), s" L rotten 

X s" ": ki tchen s "": ki tchen 
{ (

center Of) (center Of)} 

floor' floor not 
slippery slippery 

Set of Consequences 

(

ruined ) ( tas ty ) 
six egg , g": six egg , 
omelet omelet 

egg omelet egg omelet 

(

tasty five) 
", g : and good 

(

tasty five)1 

"" , g : and bad 
sixth egg 
destroyed 

{ (

one egg ~ 
X mess on 

the floor 

sixth egg 
destroyed 

(

no one )} , egg mess 
on floor 

44 



., 

Set of Acts 

(
f', PlUS) ", f : announce , 
goal 

{(

tell assistant 1 
to take central 

X route from 
icebox to 
stove 

(

tell aSSistant] 
to throw sixth 

f": egg away and 
make a five 
egg omelet 

( 
f': PlUS)} "" f : announce 
goal 

(

tell aSSistant] } 
to take non-

, central rou te 
from icebox 
to stove 

Now assume that the decision maker is aware of the 

possibilities listed in the sets SO' CO' and FO ' but either 

through ignorance or considerations of time and cost he does 

not consider the possibilities listed in the sets Sl' Cl , and 

Fl. Moreover, assume that he realizes that his description of 

his problem in terms of SO' CO' and FO is partial; in partic­

ular, the elements in FO are not functions mapping each 

element in So uniquely into an element of CO. Hence, by 

telling the assistant his goal, the decision maker might be 

able to increase the likelihood that the assistant will act in 

conformity with the decision maker's wishes in the face of un-

foreseen circumstances. 
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Assume that the decision maker has decided to model his 

problem in terms of a goal-control expected utility model. In 

particular, let the candidate goals, controls and derived 

policies considered by the decision maker be as follows. 

Set of Candidate Goals 

G = {g" :( :~:t~gg) , 
omelet (

tasty five )I} 
"". egg omelet ~ C 

g . and bad sixth o· 
egg destroyed 

Control Sets (one control set associated with each candidate goal) 

{ ) ( )~ 
, 

tell assistant f', plus 
A ,,= f': (to make a six ,f " ': announce <;;; F 0 

g egg omelet goal 

A,·" , 
g (

tell aSSistant) } 
to throw sixth f", plus 

= {f": egg away and ,f "" :( announce ) 
make a five goal 
egg omelet 

Policy Choice Set (set of all candidate g.oal-control pairs) 

... [(g", f'), (g", f"')} U [(g'''', f"), (g"", f"")} 

- fe, ... } 
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For each policy e e 9 , the decision maker asks himself 

the following question: "What distinct situations (Le., state 

flows) might obtain if ·1 choose e?" 

State Flow Sets (one set 0e of state flows for each policy e e 9) 

( (

tasty 1 (tell assistant)) 
g": six egg, f': to make a six 

ome le t egg orne Ie t 
For policies 

and " ", 
( (

f', PlUS)) 
g ,f : :::~unce : 

O(g ", f') = O(g", f "') 

{(
Sixth) (Sixth)} {(rUined SiX) = egg ,egg X egg omelet , 
rotten good obtains 

and for policies 
(

tasty five) 
egg omelet 

"" 
(

g : a~d bad , 
s1xth egg 
destroyed 

(
tasty SiX) (no six )} 
egg omelet, egg omelet ; 
obtains obtains 

to throw s1xth 

(

tell aSSis7ant)) 

f ': egg away and 
make a five 
egg omelet 

d 
( 

"" an g , 
(

f", PIUS)) "" f : announce : 
goal 

O(g"",f") = O(g'''',f'''') 

{(
Sixth) (Sixth)} ~(!::t~!i;~) ( = egg ,egg X and good , 
rotten good sixth egg 

destroyed 

tasty five) (no tast )} egg omelet fi y ve egg 
and bad , It. 

. h ome e 
S1Xt egg obtains 
destroyed 
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Event Flow Algebras 

For each 9 e e, let 

To each state flow w' e 0
9

" 9' e e , the decision 

k . . I . be u (w ' 19 ') ma er ass1gns a ut1 1ty num r representing the 

desirability of (w'} obtaining, conditioned on the event 

"decision maker chooses 9'," and a probability number 

a«(w'}le') representing the likelihood of (w'} obtaining, 

conditioned on the event "decision maker chooses 9'." He 

then calculates his expected utility 

So u(w\9) a(dwle 
e 

corresponding to each choice of policy 9 e e, and chooses 

a policy which yields maximum expected utility; e.g., 

(

" (tasty SiX) g : egg , 
omelet (

tell assistant )) 
f"': to make a six egg 

omelet, plus 
announce goal 

In keeping with this choice, the decision maker tells the 

assistant to make a six egg omelet; and in addition he informs 

him that he would like the omelet to be tasty. 

When the assistant later enters the kitchen, he notices 

an aspect of the true world state whose possible realization 

the decision maker has overlooked or ignored; namely, 

(

center of ) 
s ", : ki~chen floor e Sl 

sl1ppery 
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The assistant is momentarily unsure whether to take the central, 

slippery, timesaving route or the noncentral, nonslippery time-

consuming route from the kitchen icebox to the kitchen stove, 

with the sixth egg in hand. Nevertheless, upon consulting his 

instructions, he observes that the decision maker's goal is to 

have a tasty six egg omelet, not a fast six egg omelet. Hence 

there is no reason to attempt the central, slippery, time-

consuming route .and risk ending up with a five instead of six 

egg omelet by way of a one-egg mess on the floor. 

Remarks. The gc-model primitive sets (i.e., control, 

goal, state and event flow sets) are constructed from the 

observable components So' Co and F 0 of the Savage 

primitive sets S == So X Sl' C == Co X Cl , and F == FOX F 1 

Specification of the unobservable (but relevant) sets Sl' Cl ' 

and Flis not required. 

The elements of SO' CO' and F 0 are in natural 

correspondence wi th the subse ts of S, C, and F. For 

example, the element s':(sixth egg rotten) in So can be 

identified with the element 

[s '} [ ", (center of ) 
X s : floor slippery , 

s"': (center.of floor) } 
not shppery 

in 2
S 

• Under this correspondence each state flow we E 0e ' 
e E EJ , is an element of 2S X 2C as in section 3. 



FOOTNOTES 

1A binary relation > on a set D is a weak order if for 

all a, b, c e D 

(1) a > b or b > c (i.e., > is connected); 

(2) a? band b? c implies a > c 

(i.e., ? is transitive). 
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Weak orders have also been referred to as "complete preorderings." 

2A collection ~ of subsets of a nonempty set X is said 

to be an algebra in X if ~ has the following three 

proper tie s: 

(1) . X e ~ ; 

(2) If A e ~, then ACe ~, where A c is the 

complement of A relative to X; 

(3) If A, B e ~, then A U B e ~ • 

3This observation is due to C. Hildreth. 
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