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Summary 

The demons t ra t ion model of an on-l ine m a n ­
agement s y s t e m p resen ted in this pape r a i m s to 
provide i nc r ea sed management capabi l i ty to ex­
ecutives charged with planning and cont ro l of 
l a rge sca le r e s e a r c h development and product ion 
p r o g r a m s . The technique is formula ted as an 
e x e r c i s e in Decis ion Gaming and spec ia l e m p h a ­
sis is laid to the p rob l em of providing capabil i ty 
for quick and opt imum r e p r o g r a m m i n g of d o l l a r s , 
manpower , faci l i t ies and other r e s o u r c e s . The 
t a sk of planning and cont ro l is s t r u c t u r e d into 
two components , the m o r e routine t a s k s a r e as ­
signed to the equipment , w h e r e a s p r o b l e m s 
requi r ing executive judgment a r e delegated to 
p laye r s of the Decis ion Game. Through the use 
of m a t h e m a t i c a l models and computer rou t ines 
the consequences of proposed r e p r o g r a m m i n g 
act ions a r e p resen ted to the p l aye r s in t e r m s of 
financial and manpower r e q u i r e m e n t s , faci l i t ies 
loading, e tc . Through a s tep by s tep m a n -
machine p r o c e s s , opt imum p r o g r a m s and the 
bes t u t i l iza t ion of r e s o u r c e s is r eached . Man­
agement data is r e t r i e v e d and manipulated on an 
on-l ine bas i s and all opera t ions of the equipment 
a r e executed through every day Engl i sh c o m m a n d s . 
All data is displayed on cathode r ay tubes and 
projec t ion s c r e e n s , including ins t ruc t ions to the 
p laye r s on how to opera te the equipment and how 
to play the Decis ion Game. Input to the equ ip­
ment is provided through (1) a pe rmanen t ly 
labeled keyboard , (2) a blind keyboard that can 
be provided with app ropr i a t e labels through a se t 
of p las t ic ove r l ays . The computer act ion r e s u l t ­
ing f rom dep re s s ing of keys mus t be p r o g r a m m e d 
and is not w i r ed pe rmanen t ly . By providing a se t 
of independently opera ted input-output conso le s , 
connected on-l ine to the same computer s y s t e m , 
a significant advance in the a r t of the des ign of 
management s y s t e m s is provided. 

Introduction 

The management planning and cont ro l technique 
descr ibed in this p r e sen t a t i on has been developed 
for c e r t a i n m i l i t a r y and civi l ian act iv i t ies with 
the purpose of ass i s t ing execut ives in evaluat ing 
and r e - p r o g r a m m i n g complex ac t iv i t i e s . How­
ever , it is bel ieved that the technique is equally 
appl icable to the planning and control of other 
l a rge sca le r e s e a r c h , development , product ion 
and cons t ruc t ion p r o g r a m s . 

In o rde r to apply the planning and cont ro l t e c h ­
nique to an act ivi ty it is n e c e s s a r y to divide the 

activity into " e l e m e n t a r y " p r o g r a m m i n g b locks . 
The technique r e q u i r e s that f i rs t a l t e rna t e s c h e d ­
uling and financial data on each of these planning 
blocks be developed. In addit ion, it is n e c e s s a r y 
to formula te explici t ly the i n t e r - r e l a t i o n s h i p s 
between the planning b locks . These r e l a t ionsh ips 
specify the p e r m i s s i b l e t ime phasing of the e l e ­
men ta ry p r o g r a m m i n g b locks , the a s soc i a t ed 
dollar and manpower r e q u i r e m e n t s , fac i l i t ies 
r e q u i r e m e n t s and other financial r e q u i r e m e n t s . 
The planning and con t ro l technique employs a n e t ­
work ana lys i s of the va r ious ac t iv i t ies involved 
and p e r m i t s the explora t ion of a l a rge number of 
planning combinat ions . 

The p r i m a r y purpose of the managemen t 
planning and control s y s t e m is to a s s i s t execut ives 
in r e - p r o g r a m m i n g . As an i l lus t ra t ion , suppose 
that plans a r e c o m p a r e d with p r o g r e s s , a dev i a ­
tion is observed and r e - p r o g r a m m i n g of the dif­
ferent ac t iv i t ies is r eq u i r ed . F o r i n s t ance , it 
might be n e c e s s a r y (1) to cancel a p r o g r a m , (2) 
to s t r e t c h another one out, (3) to a c c e l e r a t e one, 
or (4) to d e c r e a s e or i n c r e a s e product ion quan­
t i t i e s . Another s i tua t ion when the need for r e -
p r o g r a m m i n g a r i s e s , when t h e r e is a budge ta ry 
change and financial t rade-of fs between v a r i o u s 
p r o g r a m s must be cons ide red . F o r i n s t ance , 
execut ives may want to know that if a p a r t i c u l a r 
deadline is postponed by six mon ths , how many 
dol la rs and what manpower can be made ava i lab le 
to another p r o g r a m , and by how much can this 
other p r o g r a m be a c c e l e r a t e d . 

The ac tua l p r o g r a m ana lys i s and r e - p r o g r a m ­
ming act ivi ty is c a r r i e d out through the m e d i u m 
of a Management Dec i s ion Game. 

Brief Descr ip t ion of Decis ion Gaming Technique 

The Decis ion Game is to be played in t h r e e 
s t eps . As a f irs t s t ep the p l aye r s of the Dec is ion 
Game gather in the Cont ro l Room w h e r e the Game 
is to be played and w h e r e the va r ious in format ion 
displays can be r e t r i e v e d with the aid of the c o m ­
puter sy s t em. The d isp lays p r e s e n t a l l the i m ­
por tant planning fac to r s re la t ing to the ac t iv i t i e s 
to be r e - p r o g r a m m e d . The t ime phasing of 
var ious m i s s i o n s , deadl ines and goa ls , and the 
assoc ia ted loading of va r ious faci l i t ies can al l be 
displayed. The a s soc i a t ed financial informat ion 
can a l so be shown with sufficient detai l so that 
financial consequences of r e - p r o g r a m m i n g d e ­
cis ions can be made . P rov i s ions a r e made to 
r e t r i e v e fur ther back -up information when r e ­
quested, from a file of s ta tus of p r o g r e s s and 
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a l t e rna t i ve s . 

As a f i r s t s tep of r e - p r o g r a m m i n g a c o m p r e ­
hensive ana lys i s of the s ta tus of the p r o g r a m s is 
c a r r i e d out. The computer s y s t e m is provided 
with the capabil i ty of furnishing s ta tus in forma­
tion on a r e a l - t i m e bas i s and in everyday Engl ish . 
Information r e l a t e d to all m a t t e r s per ta in ing to 
the p r o g r e s s of va r ious p r o g r a m s is displayed in 
ca thode- ray tubes or in projec t ion s c r e e n . After 
this s ta tus ana lys i s is completed, the p l aye r s 
have adequate informat ion to p e r f o r m the second 
s tep of the Game. 

This second s tep of the Game cons i s t s of m a k ­
ing a "move" . Such a "move" may involve a t ime 
shift of some of the deadl ines , mi les tones or 
goals and /o r a change in the de l ivery quanti t ies 
involved in the p r o g r a m . As suggest ions for r e -
p r o g r a m m i n g " m o v e s " a r e m a d e , the proposed 
changes a r e put into the computer s y s t e m through 
the use of an appropr i a t e keyboard and C o m m u n i ­
cation Display Tube. At the d i rec t ion of the 
ope ra to r the compute r and assoc ia ted equipment 
takes over and the th i rd s tep of the Game, that 
is the r e - p r o g r a m m i n g computa t ions , a r e 
c a r r i e d out. 

This th i rd s tep of the Decis ion Game is e x e ­
cuted by the compute r in accordance with m a t h e ­
ma t i ca l mode ls and assoc ia ted computer rou t ines 
s to red in i ts m e m o r y . Within a t ime span of 
seconds the compute r p r e p a r e s a new p r o g r a m , 
including all the new deadlines the new phasing 
of s u b - p r o g r a m s , faci l i t ies loading, manpower 
and financial impl ica t ions . When the computer 
f inishes the computa t ions , the data is p r e sen t ed 
to the p l a y e r s th rough ca thode- ray tubes a n d / o r 
s l ide p ro jec t ions . By examining the va r ious 
d isplays and by r e t r i ev ing m o r e detai led i n f o r m a ­
tion, the p l a y e r s can evaluate whether the s u g ­
gested solution to the r e - p r o g r a m m i n g p rob l em 
is sa t i s fac to ry . 

In m o s t s i tua t ions the f i r s t suggested p r o g r a m 
wil l r e s u l t in conditions that a r e not acceptable 
to the p l aye r s of the Game. T h e r e f o r e , after 
cons ider ing the r e s u l t s of the "move" and d i s ­
cuss ing fur ther impl icat ions of the data , a new 
proposa l for r e - p r o g r a m m i n g will e m e r g e and a 
new cycle of the Decis ion Game wil l be en te red 
upon. By a s e r i e s of s teps it is poss ib le to 
develop a final p r o g r a m that is acceptable to the 
p l a y e r s . 

At the t e r m i n a t i o n of the gaming e x e r c i s e a l l 
the impl ica t ions of the final p r o g r a m a r e r e c o m ­
puted with g r e a t e r accu racy . It is not expected 
that th is r e - compu ta t i on wi l l r e s u l t in major 
changes , but only that the r e - compu ta t i on will 
provide an a c c u r a t e , acceptable and detai led plan. 

All communica t ions between m a n and mach ine 
a r e pe r fo rm e d in a r e a l - t i m e m a n n e r and in 
everyday Engl ish . 

The F i l e of Status and Al te rna t ives 

The Gaming Technique desc r ibed h e r e allows 

the examinat ion of a panorama of a l t e rna t i ve s . 
The analys is can be pe r fo rmed only if-in the m e m ­
ory of the compute r , techniques for examining 
many a l t e rna te poss ib i l i t i es a r e s to red and p r o ­
g r a m m e d . It is recognized that it is imposs ib le 
to s t o r e all the poss ib le a l t e rna t ives and t h e r e ­
fore , a method to study a l t e rna t ives mus t be 
provided. The analys is is made poss ib le by the 
applicat ion of m a t h e m a t i c a l modeling techniques 
and by the s to rage of ce r t a in bas ic s y s t e m p a r a m ­
e t e r s . The m a t h e m a t i c a l model uses the e l e m e n ­
t a r y p r o g r a m m i n g ac t iv i t ies as bas ic building 
blocks and r e l a t e s these ac t iv i t ies to each other 
through m a t h e m a t i c a l r e l a t ionsh ips . F o r ins tance , 
a l t e rna te ways to accompl i sh a bas i c p r o g r a m ­
ming block can be a s soc ia t ed with va r ious e s t i ­
ma te s of complet ion dates and c o s t s . The 
ma thema t i ca l model s u m m a r i z e s the r e l a t i o n ­
sh ips , and a lso r e l a t e s the different ac t iv i t ies to 
each other through equations and inequal i t ies . 
Manpower and financial r e q u i r e m e n t s appear as 
dependent v a r i a b l e s , w h e r e a s the t ime phasing 
of the va r ious ac t iv i t ies as independent v a r i a b l e s . 

In o rde r to avoid the necess i ty of manipula t ing 
a l a r g e number of p a r a m e t e r s , sub-opt imiz ing 
techniques a r e introduced. F o r ins tance , it might 
be r equ i red that c e r t a i n types of s u b - p r o g r a m s 
be accompl ished at a m i n i m u m cost and this policy 
can be embodied in a s y s t e m of equat ions through 
m a t h e m a t i c a l p r o g r a m m i n g techn iques . By such 
r e l a t i onsh ips , the ma jo r i ty of the va r i ab l e s of 
the s y s t e m can be m a d e to depend on a few con­
t ro l v a r i a b l e s . With the aid of ma thema t i ca l 
models and sub-opt imiza t ion techniques it becomes 
poss ib le for the p l a y e r s to manipula te only a few 
of the major va r i ab l e s and s t i l l examine a l a r g e 
number of a l t e rna t e p l ans . 

Equipment R e q u i r e m e n t s 

The re is no equipment on the shelf today that 
can c a r r y out in a l l i t s deta i ls the management 
planning and cont ro l technique desc r ibed h e r e . 
However , t he re is equipment ava i lab le , which 
with min o r modif icat ions would p o s s e s s the c a p a ­
bil i ty r equ i r ed . A detai led study of the R a m o -
Wooldridge Po lymorph ic Compute r Sys tem and 
Display Analys is Conso le , for in s t ance , shows 
that essen t ia l ly a l l the r equ i r ed fea tu res could be 
made avai lable in a sho r t t i m e . This compute r 
s y s t e m has been desc r ibed e l sewhere ,and in this 
d i scuss ion equipment de ta i l s will not be included. 

Decis ion Gaming 

Detai led Desc r ip t ion of Decis ion Gaming Sys tem 

The fundamental concepts under ly ing the 
Decis ion Game a r e shown p ic tor ia l ly in a s i m p l i ­
fied form in F i g u r e 1. T h r e e displays enable 
the p l aye r s to communica te with the compute r . 
The f i r s t of these is a v i sua l r e p r e s e n t a t i o n of the 
t i m e phasing of a l l the impor tan t m i s s ions and 
goals . The informat ion on this d isplay is 
schemat ica l ly r e p r e s e n t e d in the upper p a r t of 
F i g u r e i and is to be displayed in the " P r o g r a m 
Network Tube" of F i g u r e 2 (project ion capabil i ty 



can be provided if de s i r ed so that a group of p a r ­
t ic ipants can analyze the data) . Sufficient deta i ls 
wi l l be shown so that al l mi l e s tones of impor tance 
a r e d isp layed, but the data wil l not be so detai led 
as to confuse the p l a y e r s . As the Game s t a r t s , 
va r ious quest ions will a r i s e which wil l not be i m ­
media te ly answerab le by the displayed m a t e r i a l . 
To mee t this condition, back-up displays wil l be 
s to red which can be r e t r i e v e d by the p l a y e r s as 
r eques t ed . By this technique, it will be poss ib le 
for the p l aye r s to go into any degree of de ta i l in 
the t i m e phasing of the m i s s i o n s and goals without 
making the p resen ta t ion too c u m b e r s o m e or con­
fusing. 

A p a r t of the display on the " P r o g r a m Network 
Tube" is the v i sua l r e p r e s e n t a t i o n of the u t i l i z a ­
tion and loading of the different faci l i t ies a s s o c i ­
ated with the p r o g r a m s cons idered . This display 
is shown by the th i rd i t em f rom the top in F igu re 
1. All the prev ious comments made in connection 
with the v i sua l r ep re sen t a t i on of P r o g r a m s A and 
B apply for the Fac i l i t i e s Loading d i s p l a y s , too. 
Sufficient detai l will be given so that the p layer 
can app ra i se the s t a te and p r o g r e s s of var ious 
p r o g r a m s , and again sufficient back-up in fo rma­
tion will be avai lable through r e t r i e v a l . 

The second display r e f e r s to d o l l a r s , c o s t s , 
manpower , and other r e s o u r c e s . T h e s e a r e 
r e p r e s e n t e d graphica l ly in the lower pa r t of F i g ­
u re 1 and a r e to be displayed on the " R e s o u r c e s 
Re qu i r e m e n t s Tube" of F igu re 2. The dollar and 
manpower prof i les as they unfold in t ime wil l be 
r e p r e s e n t e d in sufficient detai l so that all the i m ­
por tan t informat ion for the p l a y e r s wi l l be fur ­
nished. In addit ion, when it is r e q u i r e d , the 
p l aye r s wi l l be furnished with h a r d copies of 
pr in ted financial information. 

The display capabil i ty so far desc r ibed fur ­
nishes the p l aye r s of the Game with such per t inent 
informat ion as pas t h i s t o ry , s t a t u s , and future 
projec t ions of p r o g r a m s . P a r t i c u l a r emphas i s is 
placed on the p r e p a r a t i o n of this informat ion in 
such a fo rm that organiza t ional s t r u c t u r e and 
respons ib i l i t i e s a r e d i rec t ly t ied in to the infor­
mat ion displayed. 

The lower r ight co rne r of F i g u r e 2 shows the 
"Man Machine Communicat ion Display" . This is 
the tube that offers choices of ins t ruc t ions to the 
p layer in plain Engl ish. This tube is used most ly 
for non-s t andard type of ins t ruc t ion to the p layer , 
as o rd ina ry ins t ruc t ions (say: "Machine Is Busy") 
a r e provided through the i l luminat ion of s ta tus 
l ights . 

So far we have desc r ibed the display s y s t e m s 
and the type of information s to red . We a r e now 
ready to p roceed to the desc r ip t ion of how the 
Decis ion Game is to be played. In o r d e r ' t o be 
able to speak in m o r e specific t e r m s , we take 
the hypothet ical p rob lem of a new r e q u i r e m e n t , 
that a p a r t i c u l a r m i s s i o n is to be accompl i shed 
one yea r ahead of schedule . This new r e q u i r e ­
ment r e q u i r e s the acce l e r a t i on of a major p r o ­
g r a m and a r eo r i en t a t ion of the r e s o u r c e s 
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avai lable . 

When such a p r o b l e m a r i s e s , va r ious d i s c u s ­
sions take place at different m a n a g e r i a l l eve l s . 
We do not p ropose that the Decis ion Game is to 
r ep lace these confe rences . However , after a 
p r e l i m i n a r y cons ide ra t ion of the p r o b l e m the 
appropr ia t e management group ga the r s in the con­
t ro l r o o m to play the Decis ion Game. By a s tep 
by s tep p r o c e d u r e , they eva lua te , modify and 
sha rpen the p r e l i m i n a r y ideas that have r i s e n in 
connection with this p rob l em of advancing the 
complet ion date of a major mis s ion . 

When the group m e e t s the f i r s t t ime in the 
control r oom, the p l aye r s begin by r e t r i e v i n g a 
number of different d isplays to update and verify 
thei r knowledge of the s ta tus p r o g r a m s . Such a 
review cons i s t s of inspect ing the p r inc ipa l d i sp lays 
assoc ia ted with the p rob lem and of r e t r i ev ing 
var ious back-up information. After such a p r e ­
l iminary d i scuss ion , a proposed f i r s t solut ion to 
the r e p r o g r a m m i n g p rob l em is suggested and in ­
format ion defining the proposed change is k e y ­
punched into the compute r . 

At the ins t ruc t ion of the p laye r s the computer 
begins to c a r r y out the rout ine a s soc ia t ed with the 
p a r t i c u l a r r e p r o g r a m m i n g p rob lem introduced. 
The computer consul t s the Data and P r o g r a m 
R e s e r v o i r containing the file of s ta tus and a l t e r ­
nat ives shown on the lower left-hand s ide in 
F igure 2, and on the bas i s of s to red informat ion 
and rou t ines , computes dol lar and manpower 
r e q u i r e m e n t s . In addit ion, faci l i t ies r e q u i r e m e n t s 
and loading a r e checked and computat ions a r e 
made to de te rmine whether the de s i r ed a c c e l e r a ­
tion is feasible at a l l . 

As the computer p r o c e e d s through its rou t ine , 
it might find that the proposed acce l e r a t i on is 
imposs ib le or i m p r a c t i c a l . It is poss ib le that 
even if a l l p ro jec t s a r e put on a c r a s h bas i s the 
m i s s i o n could not be accompl ished within an 
acceptable date . It may be that for ins tance m a n ­
power is not ava i l ab le , even if m o r e shifts a r e 
employed. Under such condi t ions, the computer 
wil l indicate that the plan is not feasible and it 
will display on the "Communicat ion Display Tube" 
a warn ing s ignal , which shows in detai l why the 
proposed solution to the r e p r o g r a m m i n g p rob lem 
is not feasible. 

At this point, a group d i scuss ion follows to 
de t e rmine whether by a higher o rde r of decis ion 
a solut ion could be found. F o r ins t ance , it might 
be decided that another facility can be built or 
made avai lable , or that another con t r ac to r can be 
called in. Information avai lable to the decis ion 
make r will not always be p r o g r a m m e d into the 
computer and, consequent ly , feasibi l i ty indicated 
by the computer will occasional ly be cons idered 
as tenta t ive . 

If, indeed, a need for such a new a l t e rna t ive 
way of proceeding with the p rob lem e x i s t s , this 
information m u s t be put into quanti tat ive fo rm and 
fed into the mach ine . On the other hand, if the 



computer indicates genera l feasibi l i ty , then the 
p l aye r s can immedia te ly proceed to further e v a l ­
uation of the proposed p r o g r a m . 

When the p r o g r a m modification is feas ib le , the 
p laye r s a r e p r i m a r i l y con&erned with r e s o u r c e 
r e q u i r e m e n t s and with dollar and manpower p r o ­
files assoc ia ted with the p r o g r a m . It is very 
likely that the f i r s t solution proposed will not be 
acceptable from the point of view of budgetary 
cons idera t ions . It is l ikely that the cos ts at c e r ­
tain phases of the p r o g r a m will be beyond poss ib le 
funding, and pe rhaps at some other t imes t he re 
will be an indication of surp lus funds. Th i s , then, 
is the point where the p laye r s r econs ide r the 
t ime phasing of the mi s s ion and goals and propose 
an a l t e rna t ive . When the p laye r s ag r ee on the 
next t r i a l of the p r o g r a m phasing, information is 
fed into the computer and the computer p roceeds 
with computat ions to p r e p a r e a new p r o g r a m . 
Again, the computer f i rs t exp lores feasibil i ty and 
then p roceeds to the detailed genera t ion of the 
r e s o u r c e r e q u i r e m e n t s . 

It is seen that through a s tep by s tep p r o c e s s 
of de l ibera t ion , d i scuss ion and computer rou t ine s , 
the p laye r s wil l r e a c h be t te r and bet ter solutions 
to the r e p r o g r a m m i n g p rob lem. It is envisioned 
that p r o g r a m m i n g computat ions will be c a r r i e d 
out f i r s t by a "quick and d i r t y " method and then 
by a m o r e a c c u r a t e rout ine . This will allow the 
p l aye r s to explore tentat ive a l t e rna t ives rapidly 
and the re wil l be no u n n e c e s s a r y delay in wait ing 
for accu ra t e computat ions which would not be 
ut i l ized in ac tual p r o g r a m plans . The computer 
wil l c a r r y out a c c u r a t e computat ions e i ther 
automat ica l ly (when computing t ime is available) 
or at the spec ia l d i rec t ion of the p layer . This 
approach al lows the dec is ion m a k e r s to make 
rapid changes and explore and evaluate dozens of 
different p r o g r a m p roposa l s . As the Decis ion 
Game p r o g r e s s e s , m o r e and m o r e sa t i s fac tory 
solutions to the r e p r o g r a m m i n g p rob l em wil l be 
found. Towards the t e r m i n a l phase of the gaming 
e x e r c i s e , the p l aye r s may d e s i r e highly a c c u r a t e 
e s t ima te s of the var ious p r o g r a m de ta i l s . If 
this is so , it may be n e c e s s a r y to d i rec t the 
computer to c a r r y out m o r e accu ra t e spec ia l 
p r o g r a m computa t ions , and it may then be n e c e s ­
s a r y for the p l aye r s to wait for a longer per iod of 
t ime to get the phasing of p r o g r a m s and the 
r e s o u r c e r e q u i r e m e n t s . F ina l ly , the computer 
is d i r ec ted to develop and pr in t a definitive p r o ­
g r a m which will be used as a planning document. 
Computat ion of such a p r o g r a m may r e q u i r e h o u r s , 
and consul ta t ion with other agencies and 
c o n t r a c t o r s . 

So far , we have given only an outline of how 
the Decis ion Game is to be played and desc r ibed 
only those phenomena that wil l be observed by 
the p l a y e r s . Now we proceed to take a look in ­
side the equipment and see how the va r ious 
logical s t e p s , rout ines and computat ions a r e 
c a r r i e d out. 

I l lus t ra t ion of R e p r o g r a m m i n g Computat ions 

The bas ic pr inc ip le in c a r r y i n g out r e p r o g r a m ­
ming opera t ions is to provide the computer with 
data on poss ib le a l t e rna t ives and a l so with the 
m y r i a d s of detai ls on how these a l t e rna t ives can 
be combined into p r o g r a m s . The computer can be 
p r o g r a m m e d to go through a l a r g e number of c a l ­
culat ions in an efficient fashion, and the re fo re 
a l t e rna te p r o g r a m s can be genera ted by the c o m ­
puter in a m a t t e r of seconds . In o rde r to i l l u s ­
t r a t e the techniques , we will d e s c r i b e an ex t r eme ly 
s imple but s t i l l significant r e p r o g r a m m i n g p rdb lem. 

F igu re 3 is a cha r t showing s ix different jobs 
and the t i m e phasing of the s t a r t and complet ion 
dates of each of these jobs . In this simplif ied 
p r o g r a m m i n g Game , we a r e concerned only with 
the monthly dol lar expendi tures which a r e shown 
in the bottom of F i g u r e 3. Suppose the p layer 
d e s i r e s (1) to a c c e l e r a t e by two months the a c ­
compl i shment of Goal B (that is the t e r m i n a l dates 
of Job No. 3 and 5); (2) to a c c e l e r a t e by t h r e e 
months the final complet ion of the m i s s i o n , that 
is of Goal A; (3) leave al l other goals unchanged. 
The computer is to d e t e r m i n e whether such an 
acce l e ra t ion in the p r o g r a m is feas ib le , and what 
kind of dol lar expendi tures would be assoc ia ted 
with this acce le ra t ed p r o g r a m . 

As this r e p r o g r a m m i n g informat ion is keyed 
into the mach ine , the machine examines al l jobs 
to see which is immedia te ly affected by the a c c e l ­
e ra t ion of Goals A and B. The compute r s e l ec t s 
Jobs 3, 5 and 6 and evalua tes the poss ib i l i ty of 
acce le ra t ing those t h r e e jobs . It finds that the 
t ime span of Jobs 3 and 5 a r e to be c o m p r e s s e d 
by two months and of Job 6 by one month. 

At th is point, the compute r seeks informat ion 
on a l t e rna t ive ways of accompl i sh ing Jobs 3, 5, 
and 6. As the computer consul ts the file of a l t e r ­
na t ives , it finds for each job the t i m e - c o s t r e l a ­
t ionship shown in F i g u r e 4. The hor izon ta l axis 
shows a l t e rna t ive t ime spans allowed for the job, 
the v e r t i c a l axis shows the total do l l a r s that mus t 
be expended, if the job is to be accompl i shed in 
the t ime specified. It is s een , for in s t ance , that 
a c r a s h p r o g r a m - - d o i n g the job in the sho r t e s t 
poss ib le t i m e - - r e q u i r e s m o r e total funds than a 
m o r e o rde r ly and efficient execution of the t a sk . 
In the ca se of a s t r e t c h - o u t , due to overhead and 
some other support ing ac t iv i t i e s , the total cos t of 
the job would a l so i n c r e a s e . The compute r a l so 
finds how these do l la r s would be expended in t ime . 
(Dotted l ines in F i g u r e 4. ) The file of a l t e rna t ives 
has cu rves of this type for each of the jobs and 
the re fo re the computer can e s t ab l i sh that the jobs 
can indeed be a c c e l e r a t e d to the de s i r ed t ime span, 
but that a h igher expendi ture of funds is r equ i r ed . 
Using this informat ion, the computer can r e p l a c e 
the previous budgets for Jobs 3, 5, and 6 with the 
new budgets and de t e rmine a new dollar profi le 
a s soc ia t ed with the a c c e l e r a t e d p r o g r a m . We see 
that when the compute r r e p r o g r a m s , it f i r s t p r o ­
ceeds through the se computa t ional s teps and then 
t r a n s m i t s the informat ion to the display dev ices . 
The p layer can visual ly obse rve the r equ i r ed 
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funding assoc ia ted with the a c c e l e r a t e d p r o g r a m . 

We recognize that in a r e a l p r o b l e m we would 
deal with a much m o r e compl ica ted set of r o u ­
t ines . Manpower profi les would have to be c o m ­
puted, faci l i t ies loadings would have to be checked, 
many other i t ems of informat ion on compatibi l i ty 
would have to be cons idered . In the ca se of p r o ­
totype product ion , or in o ther t a sks where quan­
t i t i es a r e involved, re la t ionsh ips dealing with 
"quanti ty m a d e " would have to be included in the 
ana ly s i s . However , bas ica l ly , these c o n s i d e r a ­
tions would only compl ica te (admit tedly by a 
g r e a t extent) the rout ines that the computer would 
have to go through, but, conceptual ly , r ea l i ty 
would not add significant new difficulties to the 
method of solution. 

The t ime cost r e la t ionsh ips as shown in F i g u r e 
4 fo rm the bas i s of the file of a l t e rna t ives that a 
compute r has to consult . As we a l r eady m e n ­
t ioned, the re a re types of p r o b l e m s where m o r e 
complex ma thema t i ca l mode ls fo rm the building 
blocks for the file of a l t e rna t i ve s . However , for 
p u r p o s e s of our d i scuss ion , we wil l concen t ra te 
on the concept of t i m e - c o s t r e la t ionsh ips and we 
wil l show how such re la t ionsh ips can be genera ted . 
We wil l show how the bas i c input data is to be 
obtained and how these data can be built into the 
app rop r i a t e files for r e p r e s e n t i n g var ious a l t e r ­
nat ives that the p r o g r a m m i n g t ask may r e q u i r e . 

Concept of Al te rna t ives 

Le t us r e i t e r a t e the type of informat ion we 
seek. The p layer moves some of the gaming goals 
in t ime and ce r t a in jobs m u s t be pe r fo rmed wi th ­
in the t ime l imi t s indicated by the p layer . We 
need to find a way to de t e rmine the dol lar r e q u i r e ­
m e n t s a s soc ia ted with the va r ious a l t e rna t i ve s . 

Le t us begin by cons ider ing a re la t ive ly s imple 
job or t a sk . Suppose that t h e r e is a single m a n ­
age r in c h a r g e , and let us a s s u m e that this m a n ­
ager has a good g r a s p of all the deta i ls involved 
of th is pa r t i cu l a r task . The m a n a g e r does his 
own planning with paper and pencil and by d i s c u s ­
sions with his a s s o c i a t e s . We ask h im to d e t e r ­
mine how much would it cost to p e r f o r m this job 
in an " o r d e r l y " fashion. After studying the p r o b ­
l e m , he e s t i m a t e s manpower , m a t e r i a l , overhead 
and do l la r r e q u i r e m e n t s . In F i g u r e 5, the f inan­
cia l informat ion is shown in a g raph ica l form. In 
the hor izonta l axis we show the t ime allowed to 
comple te the task; on the v e r t i c a l ax i s , we show 
the a s soc ia t ed effort (say do l l a r s pe r week) r e ­
qui red . " O r d e r l y " pe r fo rmance of the task is 
r e p r e s e n t e d by the "most eff icient" point in the 
cha r t . We a l so ask the m a n a g e r to de t e rmine 
what it would take to comple te the job on a c r a s h 
b a s i s . He would need m o r e men , m o r e r e s o u r c e s , 
he would r e q u i r e a l a r g e r effort, but he could c o m ­
plete the job in a s h o r t e r t ime . This c r a s h p r o ­
g r a m is shown in our cha r t in F i g u r e 5 by the 
" m i n i m u m t i m e " point. We can a l so ask h im to 
d e t e r m i n e the min imum leve l of effort r e q u i r e d 
to do the job at a l l . He needs two mechan ica l 
e n g i n e e r s , an e lec t ron ic exper t , a technic ian , a 

s e c r e t a r y . This e s t ab l i shes his min imum effort 
level and gives the "min imum effort" point in 
F igure 5. We connect the t h r ee points by a curve 
and obtain a t ime-ef for t re la t ionsh ip and we 
a s s u m e that we could a lso opera te at i n t e r m e d i ­
ate points on this curve . With the aid of the 
curve shown in F i g u r e 5, we can d e t e r m i n e 
the t i m e - c o s t r e la t ionsh ip shown in F i g u r e 4. 
All we have to do is to mul t ip ly the r a t e of effort 
by the t ime r equ i r ed for the job, to get total 
cos t s . 

We s e e , then, that we have a technique to get 
t i m e - c o s t r e l a t i onsh ips , at l eas t for re la t ive ly 
s imple jobs . However , if we want to extend 
this technique to m o r e complex t a s k s , we run 
into p r o b l e m s . It is difficult or imposs ib le to 
find m a n a g e r s who have all the de ta i l s of a c o m ­
plex job. Consequent ly , in o rde r to make cost 
e s t i m a t e s , the manage r mus t wt>rk with his s u b ­
ordina tes and m u s t combine in a complex fashion 
many i t ems of information. This combinat ion of 
data is a tedious and difficult job but is p r e c i s e l y 
the kind of task that compu te r s can execute with 
g rea t efficiency. T h e r e f o r e , we p ropose to p r e ­
p a r e t i m e - c o s t cu rves for complex jobs with the 
aid of c o m p u t e r s . We will show how, -with the 
aid of ma thema t i ca l models and sub-op t imiza t ion 
technique, one can cons t ruc t t i m e - c o s t r e l a t i o n ­
sh ips . 

Sub-Optimizat ion Cons idera t ions 

Let us take a s imple combinat ion of two jobs 
which have to be pe r fo rmed in sequence . Var ious 
a l t e rna t e t ime spans a r e allowed ei ther for Job 
No. 1 or No. 2. This impl ies a number of c o m ­
binations of ways that the two jobs can be p e r ­
formed. In F i g u r e 6 we show the p rob l em in a 
graphic way. Suppose tenta t ively we se lec t a 
c e r t a i n dura t ion for Job No. 1, and we de t e rmine 
the assoc ia ted do l l a r s r e q u i r e d with the aid of 
the t i m e - c o s t r e la t ionsh ip . In F i g u r e 6 this t i m e -
cost r e la t ionsh ip is r e p r e s e n t e d by point A. Now 
by s ta r t ing with this t ime span, we can a s s ign 
different t ime spans to Job No. 2. A poss ib le 
r ep re sen t a t i on for Job No. 2 is point B. It is 
seen that we can combine the two t i m e - c o s t 
curves in many different w a y s . In F i g u r e 7, the 
va r ious poss ib le t i m e - c o s t cu rves for Job No. 2 
a r e shown by dotted l i nes . Now we need a policy 
to s e l ec t , out of t he se many p o s s i b i l i t i e s , the 
des i r ab l e ones. 

Suppose we a g r e e that we want to complete 
the two jobs within a given t ime span , but with 
the l eas t amount of money. Let us recognize 
that when the combined t i m e - s p a n for the two 
jobs is specif ied, s t i l l t h e r e a r e many ways to 
do the two jobs; out of these many poss ib i l i t i e s 
t h e r e is one that yie lds the lowest cos t . In 
F igu re 7, these low cos t combinat ions a r e r e p r e ­
sented by the envelope of the dotted c u r v e s . We 
say then that th is envelope, c o r r e s p o n d s to our 
policy of m i n i m u m cos t , and this envelope is the 
combined t i m e - c o s t r e l a t ionsh ip for the two jobs 
to be pe r fo rmed . F o r ins tance , if we wish to 
comple te the two jobs at point P in F i g u r e 7, we 
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draw the v e r t i c a l l ine from point P until we r e a c h 
the envelope at point Q. This gives the combined 
cost of the two jobs . Working backwards f rom 
point Q, we can get point R which r e p r e s e n t s the 
t ime and cos t r e q u i r e m e n t s of Job No. 1. 

The policy we used h e r e is to p e r f o r m the two 
jobs with the lowest poss ib le cost . If t he re is 
another policy such as say a constant manpower 
r e q u i r e m e n t or the u t i l iza t ion of a facil i ty, e tc . , 
each of these pol ic ies would have to be p r o g r a m ­
med into the compu te r . The impor tan t point , 
however , is that even if complex pol ic ies a r e 
formula ted , due to the h igh-speed capabil i ty of 
the c o m p u t e r s , consequences of these pol ic ies can 
be deduced efficiently. 

Actual ly, the computer would not cons t ruc t the 
envelope of the c u r v e s , but would solve the a p p r o ­
p r i a t e m a t h e m a t i c a l p rob l em. It i s easy to show 
that the two jobs a r e to be combined in such a 
fashion that the following equation holds: 

dC1 d C 2 

dTY = 3T^ (1) 

Here on the lef t-hand side we have the de r iva t ives 
of the t i m e - c o s t r e la t ionsh ip for the f i r s t t a sk and 
on the r igh t -hand s ide , the der iva t ive r e l a t i o n ­
ship for the second task . 

The computer would compute these de r iva t i ve s , 
se lec t the appropr i a t e combinat ions of the t a sks 
and gene ra t e the new t i m e - c o s t r e l a t ionsh ips . 

In F i g u r e 8, we show a somewhat m o r e compl i ­
cated p rob l em when a sequence of jobs is to be 
pe r fo rmed . H e r e it can be shown that the follow­
ing equation m u s t hold: 

dC. 

l 

The meaning of t he se equat ions is that the 
der iva t ives of (that is the s lopes to) the t i m e - c o s t 
cu rve m u s t be equated. This p rocedu re can be 
observed in F i g u r e 8 by cons ider ing the t h r e e 
upper cu rves and rea l iz ing that the t h r ee tangents 
shown a r e all p a r a l l e l . Another r e p r e s e n t a t i o n of 
the s a m e se t of equations is shown by the lower 
se t of c u r v e s . These a r e the de r iva t ives (or 
s lopes) of the t i m e - c o s t c u r v e s . The c o r r e s p o n d ­
ing points on the t i m e - c o s t cu rves a r e se lec ted by 
taking points on the s ame v e r t i c a l level . Again, 
th is is the type of computat ion that a computer can 
c a r r y out v e r y efficiently. 

Another way to de sc r i be the technique used h e r e 
is to r e a l i z e that w h e r e a s many goals a r e to be 
manipula ted during the cour se of a Decis ion G a m e , 
some of these goals a r e not sufficiently impor tan t 
to be manipula ted d i rec t ly by the p l a y e r s . T h e r e ­
fore , some " s l a v e " goals a r e automat ica l ly m a n ­
ipulated by the compute r . We can say that placing 
of the s lave goals is accompl i shed by an a p p r o ­
p r i a t e sub-op t imiza t ion technique. F o r ins tance , 

in ihe d i scuss ion so far , we sub-op t imized by 
using l e a s t - c o s t job combina t ions . As s ta ted 
before , some other pr inc ip le might be involved 
in posi t ioning of the s lave goals and then other 
co r respond ing sub-opt imiza t ion p r inc ip le s mus t 
be developed. It is a l so poss ib le that in some 
complex s i tua t ions , one would have to be s a t i s ­
fied by accept ing a re la t ive ly "good" solut ion 
ins tead of t ry ing to find a sub -op t imum. 

In F i g u r e 9, we show a somewhat m o r e c o m ­
pl icated p rob lem. Those goals m a r k e d with 
c r o s s e s can be made s lave goals by the technique 
so far desc r ibed . However , goals A and B a r e 
in terconnected as they have to be completed at 
the s a m e t i m e , and the re fo re th is i n t e r c o n n e c ­
tion mus t appear somehow in the computat ional 
p r o c e d u r e . What we have to do is to take the 
t i m e - c o s t re la t ionsh ip for the f i r s t and second 
jobs up to A and B , add the cos t of t h e s e two jobs 
toge ther and cons t ruc t a s ingle t i m e - c o s t r e l a ­
t ionship . We have to go through the s a m e p r o ­
cedure for the jobs to be pe r fo rmed after B, and 
fo rm a single t i m e - c o s t r e l a t ionsh ip . When we 
have these two t i m e - c o s t r e l a t i o n s h i p s , we have 
reduced our p r o g r a m m i n g p r o b l e m to the p rob lem 
of having two jobs to be pe r fo rmed in sequence . 
Now we can use the technique a l r eady developed. 

In a way we could say that f i r s t , we t u rn into 
s lave goals those goals which a r e in s e r i e s , and 
then those which a r e in p a r a l l e l . By u s e of this 
p r inc ip le s tep by s t ep , we can cons t ruc t the 
n e c e s s a r y t i m e - c o s t r e la t ionsh ips for complex 
p r o g r a m s . 

In s u m m a r y , we can say that we get bas ic data 
on re la t ive ly s imple jobs f rom m a n a g e r s of 
s imple p ro j ec t s . Then we formula te the ru les of 
combining these s imple jobs into complex jobs , 
and through some method of se lec t ing the mos t 
app ropr i a t e combinat ion, we c o n s t r u c t combined 
t i m e - c o s t r e l a t ionsh ips . 

Let u s , however , r ecognize that when we deal 
wi th r ea l l y complex s t r u c t u r e s , it might not be 
poss ib le to put into logical or m a t h e m a t i c a l form 
the pol ic ies that yield the m o s t d e s i r a b l e c o m ­
bination. If this be the c a s e , it i s n e c e s s a r y to 
r e s o r t to auxi l iary gaming technique to es tab l i sh 
the file of a l t e rna t ives . 

The p rob lem shown in F i g u r e 9 would be solved 
now by a group of executives moving goals A and 
B and by examining the consequences of these 
m o v e s . He re we have to p e r f o r m the s ame type 
of gaming as we have prev ious ly desc r ibed . In 
F i g u r e 10 we show in a schemat i c fo rm, the 
m u l t i - s t a t e m a n - m a c h i n e gaming s y s t e m that we 
envis ion h e r e . On the top we show the game that 
we have a l r eady desc r ibed and which is to be 
played by top execut ives . On the lower level we 
show subs id ia ry games which would be per formed 
by middle management p e r s o n n e l . The purpose 
of the lower level of gaming is to provide a 
planning and cont ro l s y s t e m for middle level 
management and to provide the files of a l t e rna t ives 
to top management . 
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P e r h a p s the m o s t significant a spec t of this 
m u l t i - s t a g e gaming technique is that var ious levels 
of managemen t could pa r t i c ipa t e in a mos t effec­
t ive fashion in r e p r o g r a m m i n g effor ts . As p r o b ­
l e m s develop at lower levels of management , 
t hese a r e rev iewed by middle managemen t and the 
impl ica t ions of changes in p r o g r a m phasing a r e 
incorpora ted into p lans . Even m o r e significant 
is that not only single plans a r e developed, but 
a l t e rna t ive poss ib i l i t i es of tackl ing jobs a r e con­
s ide red . When middle management a g r e e s on 
va r ious a l t e r n a t i v e s , these a r e placed in the file 
of a l t e rna t ives and thereby the se a l t e rna t ives a r e 
made avai lable to top managemen t . This way top 
managemen t is appr i sed of the mos t r ecen t and 
significant changes in the t ime phasing of p r o g r a m s 
and is provided with a capabil i ty of using the bes t 
updated information. 

Confidence F a c t o r s in P r o g r a m m i n g and 
Scheduling 

We have so far a t tempted to divide the planning 
t a sk between equipment and man in a sys t ema t i c 
way. We recognize that a g r ea t many logical and 
m a t h e m a t i c a l t asks mus t be pe r fo rmed in o rde r to 
gene ra t e p r o g r a m p lans , and that many of these 
t a sks can be pe r fo rmed be t t e r by c o m p u t e r s than 
men. We bel ieve that the capabil i ty of compute r s 
s u r p a s s e s human judgment in one m o r e specific 
a r e a , namely in connection with the p rob lem of 
es t imat ing the degree of uncer ta in ty a s soc ia t ed 
with e s t i m a t e s of dates of computat ions of va r ious 
t a s k s . 

It has been found that human judgment is fairly 
good in es t imat ing upper and lower l imi ts of when 
a job wil l be comple ted , provided the task to be 
pe r fo rmed is re la t ive ly s imp le , and provided the 
m a n who m a k e s this judgment is complete ly f ami l ­
iar with the job to be pe r fo rmed . However , when 
people combine the va r ious component e s t ima te s 
of complex jobs , we find that it is difficult to get 
r e l i ab le a n s w e r s . 

We show in F i g u r e 11 the p rob l em in a highly 
s implif ied form. Suppose t h e r e a r e t h r e e t a sks to 
be pe r fo rmed in sequence and for each, t he re is 
an uncer ta in ty of the complet ion date . These un­
ce r t a in t i e s a r e shown in the d i a g r a m by the shaded 
a r e a s , lower e s t i m a t e s being the opt imis t ic ones 
while the h igher ones a r e the m o r e p e s s i m i s t i c 
e s t i m a t e s . In the lower pa r t of the d i ag ram we 
add the t i m e s requ i red for the t h r e e jobs together 
and a l so add the unce r t a in t i e s ( three shaded a reas ) 
into a single one. How to m e a s u r e now the un ­
ce r t a in ty in complet ing the t h r e e jobs ? 

The total var iab i l i ty is of c o u r s e shown by the 
s u m of the shaded a r e a s . However , it is unlikely 
that all t h r ee jobs will be completed at the e a r l i e s t 
poss ib le complet ion da te , or conve r se ly , that all 
t h r ee jobs wil l take the longest t ime e s t i m a t e s . 
T h e r e f o r e , we can say that w h e r e a s the total v a r i ­
abil i ty is shown by the combined shaded a r e a , the 
a r e a does contain some unrea l i s t i c complet ion 
d a t e s . 

If we think in t e r m s of a m o r e complex p r o - , 
g r a m , our p rob lem becomes m o r e acu te . When 
t h e r e a r e hundreds of jobs to be pe r fo rmed , it is 
imposs ib le for the unaided human b ra in to fo rm a 
composi te p ic ture of the probabi l i t i es involved. 

However , this is a s o r t of p r o b l e m t h a t s t a t ­
i s t ic ians have a l r eady s tudied. In F i g u r e 12, we 
show a s imple example when t h r e e different jobs 
a r e to be cascaded . If we e s t i m a t e probabi l i ty 
dis t r ibut ions of complet ion dates for each t a sk 
and assoc ia ted s tandard devia t ions , then at l e a s t 
under ce r t a in simplif ied condi t ions , we can use 
the following equation for de te rmin ing the s t a n d ­
ard deviation of the composi te probabi l i ty d i s t r i ­
bution: 

tr = cr. + <r + ir, (3) 

In this equation on the r igh t -hand side a r e the 
s q u a r e s of the individual s t andard devia t ions , 
while on the left-hand side is the. squa re of the 
composi te s tandard deviation. 

So far , we have talked only about a very s imple 
s i tuat ion. However , r ecen t ly some ma thema t i ca l 
s tudies have been m a d e , on how to combine 
probabi l i ty d is t r ibut ions for complex p r o g r a m s . 
It is bel ieved that when these techniques a r e c o m ­
bined with machine computa t ions , one can obtain 
m o r e re l iab le e s t i m a t e s of complet ion dates than 
is poss ib le today by unaided human judgment . 

Weapons Sys tems P r o g r a m m i n g and 
Cont ro l Systern 

(An I l lus t ra t ion) 

The United States Air F o r c e cont ro l s one of 
the l a r g e s t and mos t complex r e s e a r c h , deve lop­
men t , product ion and operat ional p r o g r a m s in 
the wor ld . Management of these p r o g r a m s r e p r e ­
sents a formidable t a sk and cons iderab le effort 
is devoted to develop new and be t te r management 
techniques . One of these management planning 
efforts goes under the name of WSPACS, or 
Weapons Systems P r o g r a m m i n g and Cont ro l 
Sys tem. * The objective of this s y s t e m is to p r o ­
vide the Air F o r c e with a b road planning device 
and a l so to provide techniques of use to both Air 
F o r c e and Industry in mainta in ing control and 
survei l lance over the expendi tures of deve lop­
ment and product ion c o n t r a c t s . In o rde r to 
demons t ra te that a m a n - m a c h i n e management 
s y s t e m will furnish the r equ i r ed capabi l i ty , a 
demons t ra t ion model has been recen t ly c o n s t r u c t ­
ed and tes ted . So far this WSPACS Mod 0 model 
has been p r o g r a m m e d on a conventional compute r , 
but h e r e in this d i scuss ion we want to explore 
the poss ibi l i ty of how such a weapons s y s t e m 
p ro g rammin g and cont ro l s y s t e m could be c a r r i e d 
out within the f r amework of our on-l ine m a n a g e ­
ment sys t em. As a method of p re sen ta t ion we 
wil l use the desc r ip t ion of a hypothet ical e x e r c i s e 
in r e p r o g r a m m i n g . 

Let us say that at a c e r t a i n day the planning 
staff of the app rop r i a t e Air F o r c e organiza t ion 
is cal led together and is advised that a change in 
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the planning of p r o g r a m s is r equ i r ed . Specifically, 
the p r o b l e m a r i s e s f rom two new r e q u i r e m e n t s . 
(1) T h e r e is a reduct ion in next y e a r ' s f iscal e x ­
pend i tu res f rom $4. 6 bi l l ions to $4 .4 bi l l ions; 
(2) i t b e c o m e s e x t r e m e l y d e s i r a b l e t o a c c e l e r a t e 
t h e A i r F o r c e ' s m i s s i l e p r o g r a m s . 

W h e n t h i s p r o b l e m of r e p r o g r a m m i n g i s p r e ­
s e n t e d t o t h e s t a f f t h e y g a t h e r a r o u n d t h e d i s p l a y 
c o n s o l e of t h e c o m p u t e r s y s t e m a n d b e g i n a n 
a n a l y s i s of t h e v a r i o u s A i r F o r c e p r o g r a m s . T h e 
m a n - m a c h i n e s y s t e m e m p l o y e d i s s h o w n in g e n ­
e r a l , in F i g u r e 2 , t h e s p e c i a l k e y b o a r d o v e r l a y t o 
b e u s e d in t h e r e p r o g r a m m i n g e x e r c i s e i s s h o w n 
in F i g u r e 13 . T h e k e y l a b e l e d " S t a r t R o u t i n e " i s 
l i t ( f r o m u n d e r ) i n d i c a t i n g t h a t t h i s i s t h e k e y t h e 
o p e r a t o r m u s t d e p r e s s t o s t a r t t h e a n a l y s i s . A s 
s o o n a s t h i s k e y i s d e p r e s s e d t h e f o l l o w i n g i n s t r u c ­
t i o n a p p e a r s on t h e M a n - M a c h i n e C o m m u n i c a t i o n 
t u b e : 

THIS IS A WSPACS ANALYSIS. CONSULT 

YOUR MANUAL BEFORE PROCEEDING. IN 

ORDER TO CARRY OUT ANALYSIS DEPRESS: 

"PROCEED WITH ROUTINE" KEY. 

T h e o p e r a t o r i n s p e c t s the k e y b o a r d a n d r e a l i z e s 
t h a t in f a c t o n l y t h e " P r o c e e d w i t h R o u t i n e " k e y i s 
l i t a n d t h a t t h e r e f o r e t h i s i s t h e o n l y k e y h e i s 
p e r m i t t e d t o d e p r e s s . He p r o c e e d s t o d e p r e s s 
t h i s k e y . 

O n t h e " R e s o u r c e s R e q u i r e m e n t s T u b e " of F i g ­
u r e 2 , (on t h e r i g h t h a n d tube) t h e i n f o r m a t i o n 
s h o w n i n F i g u r e 14 i s d i s p l a y e d . T h e s t a f f o b ­
s e r v e s t h e v a r i o u s A i r F o r c e p r o g r a m s and a s s o ­
c i a t e d f i n a n c i a l i n f o r m a t i o n . F o r e a c h p r o g r a m D 
a n d P , t h a t i s d e s i g n a n d p r o d u c t i o n a n d S y s - c o n n , 
o r s y s t e m s c o n n e c t e d e x p e n d i t u r e s a r e s h o w n . O n 
t h e b o t t o m N o n - S y s t e m c o s t s , t o t a l E x p e n d i t u r e s 
a n d e x p e n d i t u r e L i m i t a t i o n s a r e s h o w n . L e t u s 
r e a l i z e t h a t in t h i s d i s p l a y no t a l l w e a p o n s y s t e m s 
a r e s h o w n a n d t h a t f i n a n c i a l i n f o r m a t i o n i s s h o w n 
on ly u p to 1965 . 

H o w e v e r , by i n s p e c t i n g t h e l o w e r l e f t - h a n d 
p o r t i o n of t h e k e y b o a r d , w e n o t i c e t h a t p r o v i s i o n 
i s m a d e t o s c a n t a b l e s of i n f o r m a t i o n . F o r i n ­
s t a n c e , if t h e k e y " R i g h t T u b e " i s d e p r e s s e d a n d 
s i m u l t a n e o u s l y t h e k e y l a b e l e d by t h e a r r o w p o i n t ­
ing t o t h e le f t i s d e p r e s s e d , t h e n t h e n u m b e r s s h o w n 
in t h e c o l u m n s in t h e r i g h t - h a n d t u b e w i l l sh i f t t o 
t h e l e f t and f i n a n c i a l i n f o r m a t i o n f o r 1966 , 6 7 , 
e t c . , a p p e a r s . By t h i s m e a n s , a n y l i m i t a t i o n on 
t h e h o r i z o n t a l a n d v e r t i c a l c a p a c i t i e s of t h e 
c a t h o d e - r a y t u b e s i s o v e r c o m e . 

T h e s t a f f now a n a l y z e s t h e f i n a n c i a l d a t a s h o w n 
on t h e r i g h t - h a n d t u b e a n d d e c i d e s t o p r o c e e d w i t h 
t h e a n a l y s i s . T h e y n o t e t h a t t h e M a n - M a c h i n e 
C o m m u n i c a t i o n t u b e i s d i s p l a y i n g t h e f o l l o w i n g 
s t a t e m e n t : 

T h e o p e r a t o r a l s o n o t i c e s on t h e k e y b o a r d t h a t 
t h e k e y " O p e r a t o r : S e l e c t on A l p h a - N u m e r i c K e y ­
b o a r d " i s l i t . ( T h i s i s f u r t h e r v e r i f i c a t i o n t o t h e 
o p e r a t o r t h a t h e i s t o u s e t h e A l p h a - N u m e r i c 
k e y b o a r d . ) T h e s taf f d e c i d e s t o p r o c e e d w i t h a n 
a n a l y s i s of t h e A t l a s P r o g r a m , t h e r e f o r e t h e 
n u m b e r 1 i s k e y p u n c h e d on t h e A l p h a - N u m e r i c 
k e y b o a r d . A t t h i s i n s t a n t on t h e M a n - M a c h i n e 
C o m m u n i c a t i o n t u b e t h e f o l l o w i n g s t a t e m e n t 
a p p e a r s : 

YOU SELECTED ATLAS FOR ANALYSIS. 

YOU MAY INTRODUCE THE FIRST 

ALTERNATE IN ATLAS PROGRAM BY 

DEPRESSING "PROCEED WITH 

ROUTINE". 

S i m u l t a n e o u s l y on t h e P r o g r a m N e t w o r k T u b e 
(to w h i c h w e r e f e r t o a s t h e l e f t t u b e ) , d e t a i l s of 
t h e A t l a s p r o g r a m a p p e a r . It i s n o t e d t h a t t h e r e 
a r e in t o t a l 276 u n i t s i n t h e p r o g r a m , t h a t t h e r e 
a r e 12 u n i t s p e r s q u a d r o n , t h a t s o f a r 8 u n i t s h a v e 
b e e n d e l i v e r e d a n d t h a t t h e r e a r e no a c t i v e s q u a d ­
r o n s a s of t o d a y . T h e a u t h o r i z a t i o n of t h e A t l a s 
( g o - a h e a d d a t e ) w a s M a y 1 9 5 8 , a n d t h e l a s t d e ­
l i v e r y d a t e i s J u n e 1964 . T h e l e f t - h a n d t u b e a l s o 
s h o w s s c h e d u l e s a n d e x p e n d i t u r e s f o r A t l a s . F o r 
i n s t a n c e , in 1961 t h e r e a r e 49 u n i t s t o b e d e l i v e r e d 
and 4 s q u a d r o n s p r o j e c t e d . A t l a s e x p e n d i t u r e s 
a r e $ 6 5 m i l l i o n f o r d e s i g n a n d p r o d u c t i o n a n d $ 3 1 6 
f o r s y s t e m s c o n n e c t e d c o s t s . T o t a l n o n - s y s t e m s 
c o s t f o r a l l p r o g r a m s a r e $ 1 , 2 0 0 , 0 0 0 , 0 0 0 , l e a d ­
ing t o a t o t a l A i r F o r c e e x p e n d i t u r e of $ 4 , 5 9 1 , 0 0 0 , -
0 0 0 . ( T h e n e w e x p e n d i t u r e l i m i t a t i o n i s 
$ 4 , 4 0 0 , 0 0 0 , 0 0 0 . ) 

S i m i l a r d a t a i s s h o w n f o r e a c h f i s c a l y e a r up 
t o 1970 . We r e c o g n i z e t h a t n o t a l l t h e s e d a t a c a n 
b e p u t on t h e t u b e s i m u l t a n e o u s l y . H o w e v e r , w i t h 
t h e a i d of d i s p l a y c o n t r o l k e y s w e h a v e t h e c a p a ­
b i l i t y of s c a n n i n g t h e s e t a b l e s u p , d o w n , r i g h t , 
a n d l e f t . 

At t h i s i n s t a n t t h e p l a n n i n g s ta f f i s s t u d y i n g on 
t h e r i g h t - h a n d t u b e t h e f i n a n c i a l a s p e c t s of a l l t h e 
w e a p o n s s y s t e m s p r o g r a m s , a n d on t h e l e f t - h a n d 
t u b e d e t a i l s of t h e A t l a s p r o g r a m . W i t h t h e a id of 
a r e t r i e v a l s y s t e m not d e s c r i b e d h e r e , f u r t h e r 
i n f o r m a t i o n r e l a t i n g t o A t l a s a n d o t h e r A i r F o r c e 
p r o g r a m s i s d i s p l a y e d a n d a n a l y z e d by t h e s taff . 
A f t e r c o n s i d e r a b l e e x p l o r a t i o n a n d d i s c u s s i o n i t 
i s p r o p o s e d t h a t a t r i a l b e m a d e t o m o d i f y t h e 
A t l a s p r o g r a m . T h e " M a n - M a c h i n e C o m m u n i c a ­
t i o n " t u b e i n d i c a t e s t h a t s u c h a c h a n g e c a n b e 
c a r r i e d ou t by d e p r e s s i n g t h e " P r o c e e d w i t h 
R o u t i n e " k e y . 

W h e n t h i s k e y i s d e p r e s s e d t h e f o l l o w i n g 
i n s t r u c t i o n a p p e a r s : YOU MAY SELECT PROGRAM FOR ANALYSIS 

ON ALPHA-NUMERIC KEYBOARD. 



YOU MAY AS 

CHANGE 

A. LAST 

FIRST ALTERNATE FOR ATLAS 

DELIVERY DATE 

B. TOTAL NUMBER OF UNITS 

OPERATOR: USE ALPHA-NUMERIC 

IN PROGRAM 

KEYBOARD. 

The staff decides not to change the number of units 
but to r e q u i r e that the l a s t unit be del ivered by-
Janua ry 1963 instead of the or ig inal June 1964. 
On the Alpha-Numer ic Keyboard the l e t t e r "A" is 
punched, then the date January 1963. 

On the Man-Machine Communica t ion tube a 
s t a t ement appea r s to verify that this is indeed the 
change des i r ed . In addition, on the left-hand tube 
under the heading of " F i r s t A l t e r n a t e " the p r o r 
posed l a s t de l ivery date of J anua ry 1963 a p p e a r s . 
The new ins t ruc t ion to the ope ra to r indicates that 
he can have the Atlas P r o g r a m recomputed on the 
bas i s of this new del ivery by dep res s ing the 
" P r o c e e d with Rout ine" key. However , if he made 
a m i s t a k e , he can "Cance l Keyboard Input" or for 
that m a t t e r he can "Cancel L a s t Ins t ruc t ion" . 

When the " P r o c e e d with Rout ine" key is d e ­
p r e s s e d the computer goes into a complex rou t ine , 
based on the m a t h e m a t i c a l model developed for 
WSPACS. * Units to be de l ive red , s quadrons p r o ­
jec ted and all expendi tures for the Atlas p r o g r a m 
a r e r e - compu ted on the b a s i s of the proposed las t 
de l ivery date of J anua ry 1963. In addition new 
to ta ls for a l l Air F o r c e p r o g r a m s a r e computed. 
This new information appea r s on the left-hand 
tube, tabulated under the old rows of information. 

Now the staff has the choice of introducing this 
proposed change on the r ight -hand tube into the 
comple te Air F o r c e p r o g r a m , or make fur ther 
Atlas t r i a l s . Resu l t s of va r ious t r i a l s will appear 
s imul taneous ly with the or ig ina l plan on the left 
tube. After the staff has exper imented with suf­
ficient number of a l t e r n a t i v e s , they ag ree on a 
s ingle p roposed change for the Atlas p r o g r a m . 
This change is introduced on the r ight -hand tube 
into the Weapons Sys tems P r o g r a m . 

Now the staff is ready to p roceed to another 
weapons sys t em. Without going into the deta i ls 
of the ac tual e x e r c i s e , we s ta te that the go-ahead 
date and the las t de l ivery date of ce.rtain p r o g r a m s 
can be changed. Some p r o g r a m s can be cancel led , 
or in o the rs the number s of units per squadron 
can be changed. In c e r t a i n ins tances the phas ing -
out of weapon s y s t e m s can be modified. In addi ­
t ion, it should be pointed out that c e r t a in subs id ia ry 
weapons sys t ems p r o g r a m s a r e automat ica l ly 
changed as the ma jo r p r o g r a m s a r e changed. F o r 
ins tance , as the p r i m a r y weapons s y s t e m s p r o ­
g r a m s a r e changed, the r e q u i r e m e n t s for KC-135 
changes , and these changes a r e introduced au to ­
mat ica l ly into the s y s t e m . In addit ion, capabil i ty 
is given to change the "Bomber to T a n k e r " r a t i o 
and "Bomber to GAM" ra t io . It is seen then that 
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as the analys is p r o g r e s s e s the va r ious weapons 
s y s t e m s l is ted on the r ight tube a r e scanned and 
proposed changes a r e in t roduced. Through a 
s t e p - b y - s t e p p r o c e s s a new weapons s y s t e m s 
p r o g r a m is developed that is wi thin f iscal l i m i t a ­
tions and mee t s the r e q u i r e m e n t s imposed by the 
acce le ra t ed need for m i s s i l e s . 

In an actual demons t r a t i on on November 29, 
I960, the following changes w e r e made: 

A. Acce le ra ted Atlas P r o g r a m by advancing 
the las t de l ivery date f rom Janua ry I964 
to Janua ry 1963. 

B. Moved the go-ahead date of the Minuteman 
from July 1961 to D e c e m b e r I960. 

C. Cancel led the B-58 . 

D. Speeded up the phase out of the B-47 by 
reducing to 70 squadrons in f iscal y e a r 
1961, ins tead of 79 squadrons as 
or iginal ly planned. 

As these changes w e r e in t roduced, computa ­
tions w e r e c a r r i e d out to show i n c r e a s e s in 
expendi tures for the Atlas and Minuteman P r o ­
g r a m s . Savings due to the cancel la t ion of the 
B-58 w e r e a l so computed. In addit ion, due to 
the cancel la t ion of the B - 5 8 , reduc t ion o c c u r r e d 
in the quanti t ies of B - 5 8 ' s and GAM's r equ i r ed . 
This r e su l t ed in savings in the KC-135 and GAM 
a r e a s . F ina l ly , the a c c e l e r a t e d phase -ou t of the 
B-47 r e su l t ed in addit ional savings . 

As a r e s u l t of these ac t i ons , f i scal 1961 e x ­
pendi tures w e r e brought wi thin the r e v i s e d 
expenditure l imi ta t ions and the m i s s i l e p r o g r a m s 
w e r e acce l e r a t ed . 

It is to be emphas ized that the e x e r c i s e 
descr ibed h e r e was c a r r i e d out on the b a s i s of a 
highly simplified m a t h e m a t i c a l mode l . C u r r e n t l y 
an effort is underway to improve the m a t h e m a t i ­
cal model by making it m o r e r e a l i s t i c and f lex­
ible. However , it is expected that through the 
m a n - m a c h i n e managemen t s y s t e m desc r ibed 
h e r e , the Air F o r c e will be provided by a new 
inc reased capabi l i ty in solving the difficult t a sk 
of r e - p r o g r a m m i n g complex weapons s y s t e m s 
p r o g r a m s . 

Implementa t ion Cons ide ra t ions 

As of today t h e r e is no managemen t s y s t e m in 
operat ion pa t t e rned along the l ines d i s cus sed in 
this paper . However , al l e l emen t s r equ i r ed for 
the es tab l i shment of such a s y s t e m a r e in e x i s t ­
ence and we bel ieve that within a few y e a r s we 
wil l indeed see s y s t e m s of this type opera t iona l . 
We wish to finish our paper by a br ief d i scuss ion 
of p rob lems of implementa t ion and the genera l 
outlook for on- l ine managemen t type s y s t e m s . 

Let us focus our a t tent ion to t h r e e fields of 
effort r equ i r ed for implement ing such s y s t e m s : 
(1) design of managemen t s y s t e m s in g e n e r a l , 
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(2) development of m a t h e m a t i c a l m o d e l s , and (3) 
equipment considerations*. 

As far as the design of quantitat ive management 
control s y s t e m s is concerned , during the l a s t few-
y e a r s significant advances have been made . ^'^ in 
p a r t i c u l a r , we r e fe r to efforts like the Navy 's 
" P r o g r a m Evaluat ion Review Technique" (PERT) 
and the Air F o r c e ' s " P r o g r a m Evaluat ion P r o ­
c e d u r e " (PEP) . Such advanced management t e c h ­
niques have shown significant s u c c e s s and t h e r e is 
today a subs tan t ia l effort applied to extend these 
techniques . We recognize as one of the mos t s i g ­
nificant w e a k n e s s e s of c u r r e n t s y s t e m s , that 
r e s o u r c e a l locat ions and in pa r t i cu l a r f inancial 
cons ide ra t ions a r e not adequately t r ea t ed yet. 
However , the c r i t i ca l need for such management 
s y s t e m s ex is t s and it is ce r t a in that significant 
fur ther p r o g r e s s wil l be made within the next few 
y e a r s . Consequent ly , we bel ieve that s y s t e m 
design r e q u i r e m e n t s for on-l ine type management 
s y s t e m s could be met within a t ime span of about 
one to two y e a r s . 

The second field of endeavor we want to ta lk 
about is the development of ma thema t i ca l m o d e l s . 
The sys t em des ign work cannot be c a r r i e d out 
without the app ropr i a t e m a t h e m a t i c s . In the field 
of ma thema t i ca l models significant p r o g r e s s is 
being made today^. 5,6 a n ( j it can be pred ic ted 
with r easonab le cer ta in ty that fur ther p r o g r e s s 
wil l be made within the next few y e a r s . The type 
of ma thema t i ca l model r equ i red for on-l ine m a n ­
agement s y s t e m s , has been only outlined in this 
paper and a g r ea t many of the detai ls have not 
been worked out yet . In p a r t i c u l a r , the s u b -
opt imizat ion techniques r equ i r ed for the gaming 
e x e r c i s e need fur ther development. However , we 
bel ieve that with a re la t ive ly sma l l effort and 
shor t t i m e , these ma thema t i ca l models could be 
developed. 

As far as equipment is concerned , we a l r eady 
s ta ted that t h e r e is no sys t em operat ing that could 
c a r r y out al l the r equ i r ed rout ines and input-
output p r o c e d u r e s . However , al l the components 
a r e avai lable and we see no significant difficulty 
in in tegra t ing exist ing components into a workable 
h a r d w a r e s y s t e m . More se r ious p rob lems with 
r e s p e c t to equipment a r e cost cons ide ra t ions . The 
financial benefits that can be obtained f rom on-l ine 
managemen t s y s t e m s is difficult to e s t i m a t e and 
as a consequence it is difficult to de t e rmine how 
much money could be spent on equipment to c r e a t e 
such managemen t s y s t e m s . However , as ide f rom 
financial cons ide ra t i ons , we believe that the equ ip­
ment r equ i r ed could be manufactured within a one 
to two yea r t ime per iod. 

It s e e m s then that f rom the scientif ic and t e c h ­
nological point of view, a management s y s t e m of 
the type desc r ibed in this paper could be c r ea t ed 
within a t ime per iod of one to two y e a r s . However , 
t h e r e is one fur ther e lement to be cons idered . 
Trad i t iona l techniques of management control do 
not involve such sophis t ica ted quanti tat ive t e c h ­
niques as desc r ibed in this paper . As a c o n s e ­
quence of t h i s , the design and implementa t ion of 

advanced management s y s t e m s m u s t be a c c o m ­
panied by a pa ra l l e l development in management 
philosophy. During the las t few y e a r s t h e r e has 
been a significant shift in m a n a g e r i a l concepts 
towards m o r e sophis t ica ted quanti tat ive outlook. 
It i.s difficult to make a prognosis as far as 
management philosophy is concerned but it is 
difficult to bel ieve that it will take m o r e than two 
to t h r e e y e a r s to r e a c h the appropr ia t e m a n a g e ­
ment envi ronment . 

In s u m m a r y , then , we e s t ima t e that it will be 
between two to five y e a r s before on- l ine m a n a g e ­
ment s y s t e m s of the type desc r ibed in th is paper 
will become opera t ional . 
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Figure 2. Man-Machine System 
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CONCEPT OF GAMING GOALS 
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Figure 6. Concept of Gaming Goals 
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POSITIONING OF SLAVE GOALS 
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CONFIDENCE LIMITS FOR GOALS 
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Figure 11. Confidence Limits 
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