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Candidate Goal Set

market share ,
G=(g’:| of HSD ;3 g°7: |HSD phased out
) ‘increased

Control Sets (one control set A  associated with each

candidate goal g)

buy new equipment
A= )\{ for HSD at ; )‘2' : announce ;
g current site goal
appoint committee
l:; :| to search for H )\‘:: announce ;
new HSD site goal
attempt to force
A ,~=<A"":HSD head out Y DA announce ;
g 1 . 2
of firm goal
appoint committee A%, and
r’ I 4
A 3| to search for 5 A 4 ° | amnounce .
new HSD site goal

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

@
|

U (e} x )

(@A), &% 1), @A), 7]

’

U’ A1), @A, @A), @ ag)]

=0, ...} .
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For each policy 6’ in @ the president asked himself
the following question: '"What distinct situations (i.e., state

flows me,) might obtain if I -implement policy 67"

State Flow Sets (one set Oe of state flows associated

with each policy 6 € @)

market share buy new equipment
For policies [g”:[of HSD : l{ :| for HSD at
increased current site
, , A,, and
and [g", A_:[{afinounce
goal
Q = ’s
@A) G
o HSD market HSD market ~ [HSD market
=w »X ml: share declinesi, m2: share , m,:| share
further stabilizes increases
negative disruptive negative disruptive
% | attitude of other 0. attitude of other
1°} departments towards | > ~2°|departments towards
HSD continues HSD dissipates

where u° 1is the "information state" of the president (see

above).
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, market share appoint committee
For policies |g :| of HSD s, As:|to search for
increased new HSD site
_ , [Ags and
and (g7, 4 *| announce
goal
Q ’ ’ = Q ’
(8703 @A)
j
= {oPS xds. : search . | search o . m X ¢n
1 {fails |* °2 | succeeds|f* {"1° ®2° ™3 1 Paf
, HSD ,, | attempt to
For policies [g’’:|phased|, A7":{ force HSD head
out out of firm
, 7\'1', and
and {g’’, A%’:|annhounce
goal
Q sy =0 , s
M SO N I WA
o force out force out
= (W X <f, :| attempt , £,:| attempt X {n,, n
1 2 1’ 72
fails succeeds
phasing out way opened for
X ¢t/ of HSD made |; P, :{smooth phasing .

more difficult 2 out of HSD
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., HSD appoint committee
For policies (g’ :|phased |, A" :|to search for a
out new site for HSD
_ , ", -and
and [ g7/, A ;’: adnounce
goal
Q = Q (4 s
CI VA B CIO A
° HSD head HSD head
= Cw > X h1 st fights s hz: cooperates
move in move

X Sl’ 82 X nl, n2 X Pl’ P2 .
Event Flow Algebras
QQ
For each 6 € @, let 66 = 2 .

The policy chosen by the president was

market share appoint committee
g’: | of HSD , xé : [to search for new .
increased HSD site, and

announce goal

This choice might have been rationalized as follows (see section
4). To each state flow w’ € Qe,, 8’ ¢ ®, the president
assigned a utility number u(w'le') representing the desirability
of {w’} obtaining, conditioned on the event "decision maker
chooses 8°," and a probability number c({w'}le') repre-
senting the likelihood of {w'} obtaining, conditioned on the

event '"decision maker chooses 6°." He then calculated the
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expected utility

IQ 'u(wlef) o(dulo )
.0

corresponding to each policy 6 € ®, and chose the policy

yielding the maximum expected utility.

Discussion. The president's probability and utility
judgments concerning various event and state flowé 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 appoint committee
, [ to search for new to search for new
4 "\ HSD site; HSD site;

announce goal announce goal

A € Agss Ay e eAgu;

and the event flows

E’: ({0} x {s;} x {m,,m,,m,} X {n;.n, D) e g

.
b

g’:ké)
E":({wo} X{hlshz} X{S]_} x{nl,nz} X {P1,P2} € a(g'l’x 2’1 )

(&4

4

E’’ are logically identical in content, without loss of

Since the two controls xé s A and the two event flows E’,

generality let



38

appoint committee
Ak s to search for new| _ Y A .
* | HSD site; ?

announce goal

L}

1
~-
~

E’=

it

Ex: ({‘”o} x {8y (iﬁiiiﬁsful)})

. o . . . .
By assumption {w } is the president's current information

state with respect to the HSD problem; thus presumably
o({o’H ", %) = o({’} 7", A =1,
and
o@®*| (g7, A%) = Prov({s H«’, 87, A%))-0({’} (g7, A %)
= prob({s, }Hu’, (g7, A%) (8)
o@®* (8", A% = Prob({s;}’, 8”7, A®)-a({w’}| (", A*)

&4

= Prob({s;}[0", g%, A%)) .

Since «° 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

Prob({s1 : (:i:ﬁ:gsm) }|u)°’ &', \%) 9)

search o ,e
. *
> Prob({Sl. (successful)}lw » (85 )
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In combination with (8), inequality (9) implies that
cE*| (g%, A%)) > 0@E*| (g7, A%))

i.e., for fixed choice of control )* = ké = X;{ , the

president.assigns greater probability to
e o . ’

E*: ({0} x {Sl : (search successful)}) € 8(8', Xg) n 8(g",h2_)

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
o®*| (g%, A)) > 0@ (", 1))

i.e., that the president assigns more probability to
E*: ({0°} X {Sl : (search successful)) under the policy choice
&’ xé) than under the policy choice (g°, k;) . For
xé: (appoint committee to search for new HSD site) and
xé :(x;, and announce goal) differ only in the announcement
of the goal. Yet, as the president knows from {w’}, 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 épecification
affects utility judgments concerning future events, suppose

’

that in place of the control Kl : (buy new equipment for HSD

at current site) the president had specified the more detailed
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controls
buy expensive brand buy cheaper brand
x{l :|X equipment for ; x{z :| Y equipment for ,
HSD at current site HSD at current site

with identical associated state flow sets Q = Q

CAN S

= Q(g',kf) . Consider the state flow

negative disruptive
o {do} o .(HSD market ) o .| attitude of other
) >3 * \share increases/’ "2 °| departments towards
HSD dissipates

an element of Q( ’

N, . ’ . It seems plausible

to assume that
’ ’ ’ ’
u(or| @7, A0 > w8’ A

i.e., that for "fixed output" o* , the president prefers to
minimize costs.

Finally, in support of the contention that goal specification
affects utility judgments concerning future events, it shéuld
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
"agpiration 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-expebted utility representation
for the control model established above in 5.4, the target

trajectory is an "ideal" state flow.)



Returning to the Construction Firm Example, consider the
goal g" : (HSD phased out) , the control

attempt to force
++ | HSD head out
M € ’
A2l of firm, and hore s
announce goal

and the state flow

force negative dis- hasin
ruptive attitude P &

out

v 3y n.: of other depart- , P.: out of HSD

attempt 1 1" | made more
ments towards

fails HSD continues difficult

7

w’’:f {03, £

an element of Q( reanry Once the president publicly
™2
comnits himself to a goal, it seems reasonable to assume that

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

effectiveness as a top executive. Suppose in addition to g"

the president had also considered the candidate goal

HSD head phased out if six
o, | month trial run with new HSD
head doesn't improve HSD
market share

with control set A 0 = A ,, and state flow set
g

Q o vy =0 ’ s ’ o
(891 5) (8" A5)

HSD head" does not obtain, and the goal go simply becomes

rd
Then, under w’’, the event 'new

41

irrelevant, In contrast, under w’’ the goal g’  1is directly

blocked., It thus seems plausible that
I I S I IR R4

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

formulation for the HSD problem, it would be necessary to
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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"

A: (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
A(s) = ¢ .

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
Agenerally 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 )A) =1). For many decision problems (e.g., the HSD
problem) this requirement seems to entail a significant

distortion of the actual decision making process.
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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 13-157, 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. 1In
Savage's egg problem, relevant but 'unobservable" sets such as

Sl’ Cl’ and F (see below) cannot exist; for otherwise the

1
elements available for choice (e.g., the elements of F0 below)
do not fuﬁctionally map the observable set of states into the
observable set of comnsequences.

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.
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Assume the full problem can be represented in terms of

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

Set of States

: sixth sixth
’ T 4
S =(s : | egg sy 8 & |egg
rotten good
center of center of
2 kitchen g’?7s .| kitchen

X | floor ? *l floor not
slippery slippery

= S0 X S1 .

Set of Consequences

ruined tasty
c ={g’ (six eggl, g7 7 :| six egg| ,

omelet omelet
tasty five ‘tasty five
egg omelet egg omelet

g"ﬁ and good , g°77%:] and bad
sixth egg sixth egg
destroyed destroyed
one egg no one

X mess on , | €88 mess
the floor on floor

1]
(9]
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Set of Acts

tell assistant

v , tell assistant. ,, | te throw sixth
F =<{f’:|to make a sixth|, £’’:}egg away and s
egg omelet make a five

egg omelet

£, plus £° plus
4 rr sy
£ :| announce |, £ :|{ announce
goal goal
tell assistant tell assistant
to take central to take non-

X {{ route from s | central route
icebox to from icebox
stove to stove

= F0 X Fl .

Now assume that the decision maker is aware of the

possibilities listed in the sets SO’ CO’ and F but either

0°
through ignorance or considerations of time and cost he does
not consider the ppssibilities listed in the sets Sl’ Cl’ and
F1 . 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 F0 are not functions mapping each
Hence, by

element in S, uniquely into an element of C

0 0o’
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

tasty tasty five
G = ' six egg gllll. ege omelet cC .
g = ? | and bad sixth 0
omelet

egg destroyed

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

tell assistant £, plus
A +,={f’:] to make a six |, f£’’’: announce|pcS Fy 3
g egg omelet goal

tell assistant

to throw sixth £°7, plus
A ssrs=(£°’: | egg away and , £7777:| announce < F,
& make a five goal
egg omelet

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

(€3)
]

U ec ({g} x Ag)

rerr? ’

(&, £9, @ U™ e, @’ £N)

= {8, ...}



47

For each policy ©6 € ®, the decision maker asks himself
the following question: "What distinct situations (i.e., state

flows) might obtain if .I choose g "

State Flow Sets (one set Qe of state flows for each policy ©0€@)

tasty . tell assistant
For policies (g’ :|six egg|, £7:[to make a six
omelet egg omelet
, £°, plus
and (g’’, £°77: | announce :
goal
n r’ rr s
(CHAA 26 L CIY Sags
sixth sixth ruined six tasty six no six
=(|e88 s egg X { |egg omelet ], | egg omelet |, | egg omelet ||
rotten/ \good obtains obtains obtains
tasty five tell assistant
..., |88 omelet ,, | to throw sixth
and for policies |g :| and bad » £ :|egg away and
sixth egg make a five
destroyed egg omelet
£°7, plus
and | g’’’’, £77’’: | announce
goal
Q(gllll,fll) = Q(gllll’fllll)
tasty five tasty five no tasty
sixth sixth egg omelet egg omelet five egg
=< legg ,legg X <] and good ,| and bad s | omelet .
rotten/ \good sixth egg sixth egg obtains

destroyed destroyed
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Event Flow Algebras

Q

For each 9§ €6 ®, let €&, =2 0 .

9

To each state flow o € Qe,, 8’ € ®, the decision
maker assigns a utility number u(w’|8’) representing the
desirability éf {w’} obtaining, conditioned on the event
"decision maker chooses 6°," and a probability number
o({w’}|8’) representing the likelihood of {w’} obtaining,
conditioned on the event "decision maker chooses 8°." He

then calculates his expected utility

IQ u(w|8) o(dul|e
8

corresponding to each choice of policy 8 € ®, and chooses
a policy which yields maximum expected utility; e.g.,
tasty six tell assistant
, y vy to make a six egg
g i ees > £ * | omelet, pl
s plus
omelet
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 : { kitchen floor | € S .

; 1
slippery
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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 S0 s G and F of the_Savage

0 0
imiti = = d = .
primitive sets S S0 x S1 » GC Co X C1 » and F Fo X F1
Specification of the unobservable (but relevant) sets S1 , Cl’
band F1 "is not required.

The elements of SO R C0 , and F0 are in natural
correspondence with the subsets of S, C, and F. For
example, the element s”:(sixth egg rotten) in S0 can be

identified with the element

{8’ x {s”7": center of ) g/ ¢¢+ [center of floor }
X * \floor slippery/’ * \not slippery

in ZS . Under this correspondence each state flow @q € Qe s

6 € ®, 1is an element of ZS X ZC as in section 3.
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FOOTNOTES

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

all a, b, c €D

(1) a»b or b>c (i.e., » is connected);
(2) a»b and b »c implies a > ¢

(i.e., » 1is transitive).

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

properties:

(1) . X €%
(2) If A e %, then A e F , Wwhere A is the
complement of A relative to X;

(3) If A, Be%, then AUB € %F.

This observation is due to C. Hildreth.
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