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1. mROilJC'l'IClf 

It is a c0D1D0npl.ace that in social organizations people converse 

vith one another. Some individual.a give orders; trequently, 

unauthorized or illegal romrnend1 are issued; violations may be­

come known and sanctions against the violators may tollov. Some 

indi viduala request intormation; others supply 1 t. Thus, in any 

social group, the social procesa is carried by the communications 

among its members. 

In the Leviathan dual-D>de simulation (described 1n "LEVIATHAN: 
An Experimental Investigation ot Large Organizations vith the 

Aid ot Computers")*, live subjects occupying managerial roles 

will be communicating vi th one another and vi th automated per­

sonnel. This communication takes place over the computer by 

means ot pushbuttons and digital displays. Automated agents, 

carrying out the productive, technological vork ot the organiza­

tion, receive and implement orders and decision rules. These 

reflect the intentions, policies, and plans ot the higher-level, 

governing, live decision makers. 

The proce11 ot cOlllllUDication among the live managers is de­
scribed in the atorementioned paper. The present paper estab­

lishes the program requirements for (1) the co111DUDication 
process trom live managers to artiticial agents, and (2) 
roonitoring transgressions of authority -- that is, violations 
of territorial rights and of functional responsibilities. 

2. EFFECTING LIVE-ARTMCIAL COMMUNICATIONS 

a. Requir~~ents for Comnunication from Live Subjects to 
Artificial Agents. The communication process from live decision 

makers to artificial agents must meet the following conditions: 

1. Live subjects should address the robots in 
exactly the same kind of natural language 
as they employ 1n talking vi th each other. 

2. The vocabulary used by the 11 ve personnel 
should be f'ree of' any special formatting 
restrictions other than those of providing 
the minimum of information needed by the 
artificial agents to interpret their orders. 

* TM-744, Section XI. 
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3. The artificial agents muat be able to 
receive hoaologoua c011111Ddl; that 11, 
1 t IIU8t be po11ible tor 11 ve 1ub jecta to 
expre11 the aw coeeend in 110re than 
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one vay during a given experiment. The 
computer INlt be able to interpret diverse 
expre11iona u being the same c0111111and, and 
be able to record the incidence ot each ot 
the diverse toru u veil u their total 
incidence. 

4. The computer muat be able to identity, 
monitor, and reject erroneously tramed 
expre11ion1. 

b . Hov Sub ,1ect1 Intervene During the Operation ot the 
C01111>uter Progrm. lov are these condi tion1 to be met f To 
anaver this question, it 11 tirat necessary to understand the 
types ot inatructiona or interventions vhich live 1ubject1 
can take in manipulating the technological syatem. These 
interventions are defined and deacribed by the progrm require­
ments tor the Leviathan technological system set torth in 
detail in "The Leviathan TeclmJogical System tor the Philco 
2000 Computer" ('DC-713). In Section 9 ot this document, the 
interventions vbich the live 1ubject1 can accomplish in the 
technological system during the progress ot an experiment 
are listed. The tvel ve interventions presented there are 
reproduced in Table 1. 

That the total number of distinct interventions 11 a large 
number is clear from the following considerations. In a 
modular assembly ot the Leviathan Technological System, there 
are as many as 50 segments. At each of these, the several 
kinda of interventions shown in Table 1 can be effected by 
the live subjects. Interventions can also be ettected, as 
shown, in the routing and distribution elements. Over these 
territorial areas, furthermore, artificial agents can be 
assigned and reassigned. Finally, any of these hundreds ot 
distinct interventions can be executed many times during 
the course of an experinlental session. 

c. Translating Live Interventions into Dynamic 
Instructions to the Computer. We now show that this rich 
variety ot possible interventions available for control by 
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Table 1. Variables 1n Technological System Specifiable 

by Live Subject, During Progre11 ot Experiments. 

IIINll'l' ~ ™ 
m:BIOIOOICAL srcrIOI 

SlS'l'IN IltrlRVlll'l'ICII D TM-713 

Routing Pield Inapected 3b 

Routing ot Items in Field to 
Various Processing Lines 3c 

Proce11iag Rate 3e 

Segment Field Inspected 5a 

Priority As11gnments 5b 

Proce111Dg Rate 5e 

Distribution Field Inspected 6 

Priority Assignm· . .Jts 6 

Processing Rate 6 

Artificial Number of Agents of Each Be & 

Agents Kind on Each Squad 8d 

Number of Agents of Each 
Kind in Transfer Pool 8d 

Transfer of Agents 8d 
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11 ve a\i>Jecta can be specified 1D terms ot Jut ti ve 
dynamic inatructiona to the computer progr1118. A 

"dynamic iDltrw:tion" ii one (a) i11ued by a lift Abject 

while the computer 11 operatiDg that (b) either chugea 

rpecitic operat1ona of the computer or changes a 4ec1a1on 

rule by vhich the c(IIIJNter operate■ • Intu1 ti ftly, one can 

quite appropriately think ot a chlDp 1D a dec111on rule 

u a change 1D the position ot a control knob that affects 

the operation ot an electronic c1rcu1 t. The ti ft dynamic 

instructions are these: 

IIISPJET (P, T) In iable 11 the three elements, "Routing," 
"Segment" and "D11tr1but1on," 1n101Yi an 
inter'Vlllt1on to inlpect a t1elcl. Thi• 
intenent10D can be expressed unabiguoully 

to the c011p1ter u the single 1Dltruct1on: 
"Inspect r (rield) at T (Segment)." 

PROCISS (R,T) S1111larly1 they in10lw the COllll0D inter­
vention: proceaaiDg rate. 'l'hil can be 
expressed u the unique 1Dstruct1on: 
"Procell at R (Rate) at T (Segment)." 

ASSIGN (P, V, T) Again, "Segment" IDd "Distribution" both 
involve the interftlltion: priority u11gmDents. 
Thie can be translated into the instruction: 
"Assign P (Priority) to V (Value) at T 
(Segment)." 

RClJTE (V,L,C) "Routing" calla tor a apeci&l intervention 
to route items 1D a field to variOUI pro­
cessing lines. It can be expre11ed: 
"Route V (Value) to L (Line). Route it 
C (Condition) 11 l; do not route, it C 
(Condition) 1a o." 

TRANSFER (A,S) Finally, the three interventions relating 
to the "Artitici&l. Agents" can all be 
realized by the single instruction: 
"Transfer A (Agent) to S (Squad). " This 
dynamic instruction is interpreted and 

implemented 1n one of three ways: 



T
ab

 le
 2

. 
T

he
 F

u
n

d
am

en
ta

l 
D

yn
am

ic
 
In

st
ru

c
ti

o
n

e
. 

kD
B

R
B

lt
C

B
 

s.
&

v
rl

\B
 

IN
ST

R
U

C
TI

O
N

 
V

A
RI

A
BL

ES
 

IN
 '

D
il-

71
.3

 
CA

TI
XJ

OR
Y 

Il
l'

l'
B

R
P

D
'l

'A
T

m
f 

T
ra

t'
f'

ic
 

In
sp

ec
t 

F
 

(F
ie

ld
) 

a
t 

T
 

In
sp

e
c
t 

F
,T

 
3

b
, 

5&
, 

6 
C

o
n

tr
o

l 
(S

eg
m

en
t)

 

P
ro

ce
ss

in
g

 
P

ro
ce

••
 a

t 
R

 
(R

a
te

) 
P

ro
ce

ss
 

R
,T

 
3e

, 
5

e,
6

 
R

a
te

 
a
t 

T
 

(S
eg

m
en

t)
 

A
ss

ig
n

 
P

,V
,T

 
5

b
. 

6 
P

ri
o

ri
ty

 
A

ss
ig

n
 P

 
(P

ri
o

ri
ty

) 
to

 
A

ss
ig

m
n

en
t 

V
 

(V
a

lu
e)

 
a

t 
T

 
(S

e
p

e
n

t)
 

R
o

u
te

 V
 

(V
a

l.
u

e
) 

to
 L

 
(L

ll
le

),
 

D
o 

ro
u

te
 i

~
 C

 (
C

o
n

d
it

io
n

) 
is

l.
; 

do
 n

o
t 

ro
u

te
 U

C
 

R
o

u
te

 
V

,L
,C

 
3c

 
R

o
u

ti
n

g
 

{
C

o
n

d
it

io
n

) 
is

 O
 

M
an

po
w

er
 

T
ra

n
at

'e
r 

A
 (

A
g

en
t)

 t
o

 
T

ra
n

sf
e
r 

A
,S

 
Be

 &
 8

d
 

A
ll

o
c
a
ti

o
n

 
S 

(S
q

u
a
d

) 

I . ~
 

'- i I\
) I ~
 

I a! I ~
 

~
 

J 



Sept. 26, 1962 -8- 'l'N-761 

• 

Table 3. Buie Variable• ot Dynaaic IDltructiona. 

-

. 

kitiRiiCi 
l&'TI<II 

SlMBOL MIA1IIl(J RAD D 1'11-713 

• 
p Fiel4 light tiel.41 2a 

T Territory Sepentl I plua routing -· IIMl diatribution la, 

a Rate Zero to 255 per ICID 5e 

p Priority Four 5c 

V Value Up to ten values 2a 

L Line Up to ten lines 4a 

C Condition Tvo 3c 

A Agent Up to 1000 agents 8a & 8b 

s Squad Up to 100 squads Be 
-
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(1) If the agent no be transferred is 
not assigned to any squad, that agent is 
in the transfer pool. (See TM-713,
Section 8d.) Then the dynamic instruction 
is interpreted to mean that the agent is to 
be reassigned from the transfer pool to the 
designated squad. This reassignment is 
effected as soon as possible in simulated 
time. (2) If the agent to be transferred 
has already been assigned to a specific 
squad, that agent is first moved to the 
transfer pool and, after a period of 
simvilated time, the agent is transferred 
to the designated squad. (3) An agent 
can be removed from a squad but not 
assigned to another squad. This is 
acconq)liBhed by designating the transfer 
pool as a special (non-productive) squad. 
Then"Transfer A (Agent) to S (Transfer 
Pool)" moves A from the squad to vhich it 
is assigned to the transfer pool.

The foregoing five dynamic instructions are listed in Table 2, 
together vith their respective varidales, interpretations and 
reference sections in TM-713. Only nine variables are involved 
in these five instructions. They are defined in TM-713- 
TdJle 3 lists these variables, their meaning, their range, and 
the sections of TM-713 lihereln they are respectively defined.

d. How StibJectB Issue Commands to the Technological 
System. All that the live subjects can say to the artificial 
agents in the initial Leviathan laboratory experiments can be 
expressed by the five dynamic Instructions listed in Table 2.
Now the question is, how can the subjects express themselves 
to the computer? How do they physically inq)lement their decisions?

One approach would be to design equipment to complement the 
sinqilicity of this basic set of instructions. A set of keys 
might be allocated to the basic instructions themselves, with 
one key for each instruction and a few spares for enlarging 
the formulation. A second set of keys might be assigned to 
the nine variables. In addition, 30 keys might be provided 
for alphanumeric values. The resiiltant layout might appear as
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INSTRUCflONS VARIABLES DATA CONTROLB 

Figure l. Special-Purpose Keyboard Layout. 
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shown in Figure 1. Instruction, variable and control keys are 
illuminated respectively in green, anfcer and white. These keys 
remain illuminated and data buttons remain depressed until 
con^rtiter accepts the Interventions of the subjects.

This agjproach, while traditional and simple to operate, is not 
adequate to the Leviathan objectives. (1) It requires that 
subjects learn how to translate the particular operations of 
the system into instructions to the computer. Such indoctrina­

tion has to be quite specific and has no transfer value for 
other laboratory situations. (2) It fails to provide for other 
experimental requirements. These, in turn, would entail adding 
many more special-purpose keys. (3) Computer programs are forced 
to be tailored narrowly to the equipment, (h) In the Leviathan 
executive command experiments, the central system functions to 
be explored relate to strategy and policy formation and to policy 
interpretation and control. The basic dynamic instructions to 
the technological system, on the contrary, express far more 
specific executive Intents; they are of the stuff of direct, 
lowest-level sxq)ervlslon. It would detract from the development 
of comaand functions during an experiment if the subjects re­

quired extensive specific indoctrination in the use of special- 
pxirpose equipment.

Accordingly, the Leviathan approach to operator-computer inter­

action has been to design general-purpose equipment and general- 
purpose programs that exhibit a flexibility as great as that of 
the conqjuting meushlnery with which they operate. How the sub­

jects communicate with each other is fully described in TM-T'w, 
Sections X and XI. Bach subject has a digital display-a tele­

vision tube on ^ich the conqputer writes alphabetical letters 
and nunfcers. Ten lines of writing can appear, with as many as 
16 characters on each line. A set of pushbuttons enable the 
subject to comnunicate throtigh the computer. During a Leviathan 
experiment, the conq>uter writes questions on the digital dis­

play and the subject responds by ptishing buttons. The equip­

ment is shown in idealized form in Figure 2.

The same equipment and similar programs can be used by live 
subjects to address artiflcleLL agents. For exanq)le, s\q)pose 
that a live subject wishes to have an artificial agent, CT4, 
transferred from squad T5 to squad M3* Tbe following set of
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activities mieht occur. ('!'be nccealive displays forced upon 
the digital display scope b7 the computer are ahovn at the 
right. Tbe actions of the aub Ject• and operations accomplished 
1n the computer are explaiDed at the left.) 

OPIRATIOE DISPLAYS 

On the display scope appear the questions: DO YOO WISH 

• 

Asaume that the 1ubJect viahea to 1end a 
c011111U1licat1on. Be depre1111 ke7 Dllllter 1 
IDd the Inter kq. Die ccmptrter acce,ta 
these tvo elaeots ot !Dtorm&tioll, 
acknovledciDI acceptmce 1>1 nleuing the 
puhbutton Mel the lntn- te1. 

At once the preYioa UQ1ar cm the 
scope Wllilhes ID4 11 r~p11N4 'b7 the 
cll1play: . . 
The subject addresses hia collllllUll1catlon. 
In the present case be V18hel to 11ne 
an order to the artificial non-comad.11ionecl 
otticer 1n charge of squad T5. Ee de­
presses buttons T and 5 and the Inter key. 

When the computer accepts the foregoing 
information and releases pushbutton T and 
5 and the Enter key, a display appears as 
tollovs: 

1. TO SIND A 
COMIIJNICATI<ll 

2. TO im:BIVI A 
CCMIJNICATION 

• 

• 

TO WHOM! 

ACTION 

l.~ FOR 
2, REPLYING 
3, DQUFST THAT 
4. RIQUFST APPROVAL 
5, ASSIGN 
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• Tbe aubJect aelecta "Reque1t that ••• • 
by pre1■ing the 3 button ID4 enter1Dg 
this element ot intonation. 

0 
To these actions by the aubJect, the 
computer respond.I vitb a nev diapl,aJ: VHICII RIIIJIST 

1. YW 811D COP! 
2. fflJ RIPLI 
3. YOO IIVISTIGATI ,. YWC<ICPLY 
5. YOO SIID 
6. Ym TRA1l81IR 

The subject 1elect1 the 11xth item: 
"tou 'tr1nater." 

The ''toll tranlfer ••• " 41aplaJ DOV 

ellcite the tollov1Dg: 
DAISPIRVHATT 

1. AUTB<IIM 
2 • RISPOaDILrl'Y 

• t CILIGA'l'I<ll 
AGIN'!' 

Up to this point, the sub~ect hu 
ma.de tw eeleetiona troll -,ag tbe 

• d1apla18 that guide hisa vh1le COil• 

po11Dg hia commnnicat1m. Be hu 
.. compose4 the begbn1Dc of hie or4er: 

"Request that JOU traaater •••" Be 
Dov enteN the number 1', 1ignif)1.Dg 
hi1 inten't to 1q: "Request that you 

• tr&DSter jgent ••• " 

The computer responds by asking: WHICH AGINT? 

D'rBR '!WO 
L&'.1·r AND 

• 
A 1MCIRAL 

Note that when the computer asks i ta 

0 

question, it also instructs the 
subject hov to reply. 
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The subject bu the liberty to enter l,OOC 
ditterent responRes to this question (as 
abovn in Figure 2, the pushbutton unit bas 
three columns ot ten pushbuttons each). 
Tbe subject depresses button C in tbe tirat 
column, Tin the second, and 4 in the third; 
and be sets the Enter key. 

Raving anavered the question, "Which Agent?" 
the aubJect 11 nov uked, "Whereto?" Mote 
that on this display the computer inatructs 
the subject vhat action to take in order to 
trigger ott the next display. 

'l'be computer completes the interrogations 
that guide the composition of the present 
communication with the display: 

Since the computer calls for the selection 
ot buttons from tvo ot the three columns 
ot ten keys each, there are 100 possible 
responses to this question. The subject 
selects Mand 3. 

The computer now gives the subject the 
opportunity of correcting his communication 
by displaying: 

WHERETO! 

l. TO 8qJAD 

ENTIR 
BU'l'l'ON 
NUMBER 1 

TO WHICH 
Sf.SJAD? 

EN'l'!RIJ:rl'ER 
FROM SBCam 
COWMN AND 
NUMBER 

END OF 
CCM«JNICATION 

TO CORRECT 
CCMIDNICATION 
ENTER RESET 
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TO SIRD 
C<NIUHICATI<lf 
INTIR ADVANCI 

To address, compose and send his communication, the subject bu 
entered the succession of items sbovn in Table 4. 

As explained in TM-744, the •process of communication from 11 ve 
subjects to artificial agents follovs the same pattern as that 
from live subjects to other live subjects. The tvo kinds ot 
communication are not distinguishable by format and in many 
cases have identical intent. The only vay they can be dis­
tinguished is by addressee, and the computer has to use this 
method for distinguishing betveen them. Communications to 
live subjects are addressed to live subjects (tvo letters 
are used, one trom each of the first tvo columns of buttons 
ahovn in Figure 2). Those to art1tieial agents are addreased 
to squads (a letter: L, M, . . . , T, V, and a number). 

The mode ot interaction betveen operator and computer that 
vu Just described and that has been adopted for the LeYiathu 
laboratory experiment• differs 1D two important respects trom 
the more traditional approach sketched above in vh1ch the 
pushbuttons are given specific designation,. (1) ID the 
Leviathan approach, the digital displq provides the labell 
for the pushbuttons. Hence ve have variable labels for a . 
fixed array of pusbbut tons. For most purposes, only tea 
data buttons are used (often less than ten are active -
sometimes only one or two). For some purposes, pr1Deipall.7 
for entering data, all three sets or columns of buttons are 
used, providing tor as many as 1,000 distinctions. lven when 
the labels on the buttons are used tor entering ftluea ot 
variables (tor example, Agent CT4), the computer program and 
the display define the variable to the subject. (2) The 
computer programs that respond to the pushbuttons and drive 
the displays are perfectly general. The words that appear 
on the displays are parameters to the program, entered on 
punched cards, transferred to magnetic tape, and then compiled 
into the general purpose interaction program without altering 
the previously produced program. This program is called the 
General Operator-Computer Interaction (GOCI) Program. It is 
described in TM-744, Sections X and XI. 
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e. s Variable Format Instructions. 

We can nov eta e aw e c011111un1cat on proce11 ve 1118D11ff• 

to artificial agents ii actually accompliabed. 

The present OOCI progr- are being mditied to peralt lift 

sub jecte to addre11 artificial agents. 'l'be progr- vill direct 

all camnun1 cations destiDed tor artificial agents to tbe squad 

leaders. The squad leader• will have the same desipationa as 

their respective squads. (These designatiODI will consist ot a 

letter chosen trom tbe set: L, N, lf, O, P, Q, R, S ( ·r, V, and a 

number trom tbe set: 1, 2, 3, 4, 5, 6, 1, 8, 9, 0.J 

Suppose nov that a 11 ve subject composes a c0111111UDication and tb1r.t 

be addresses it to Bl, C11' 1 T5 and JS. The computer scans this 

group ot addressees to determine vbether any artificial agents 

have been addressed. It identities T5 as an artificial agent. 

At present, ve are adopting the conventions ( 1) that it any 

11 ve subjects are addressed 1D concert v1 th an artiti~ial subject, 

it is presumed that the principal addre1See 11 tbe artificial 

sub Ject and ( 2) that every COIIIIIUllication to an artit1c1al sub Ject 

must contain a dynamic 1D1truct1on. Tbua tbe iresence ot T5 11110111 

the addressees is a signal that T5 is tbe principal adclre11ee aD4 

that the communication is an instruction to the technological 

system. 

The presence ot this signal triggers the tolloving operations ot 

the computer: 

1. The communication 1s withheld from all displays. 
( Only 11 ve subjects require displays• ) 

2. The GOCI (General Operator-Computer Interaction) 
Program checks whether more than one artificial 
agent is addreHed tor a single communication. 

3. If more than one artificial agent is addressed, 
the computer retuses to accept this demand made 
by the 11 ve subJect. The refusal is indicated 
by the illegal signal lighting up on th•! push­

button box ( see Figure 2) . When this happens 
the subject has two choices: he can 1es1st from 
addressing any more artificial agents, or be 
can press the "Reset" and "Enter" buttons, 

-
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thereby starting anew the composition ot 
bis coamunication. 

TM-761 

4. It only one artiticial agent bas been 
addressed, then three kinda ot consistency 
checks are made by the computer. (a) It 
the dynamic instruction to be implemented 
11 Inspect (F,T), Process (R,T), or Assign 
(P,V,T), then the computer checks vbetber 
the squad ot the addressed artificial agent 
bu been ueigned to the territory designated 
by the variable T. The meaning of territory 
and the assignment of squads to territorial. 
'locations' is described in Section 8g of 
TM-713. (b) If the instruction is Route 
(V,L,C), the computer checks vhether the 
squad ot the addressed agent is assigned 
to the routing territol'!c,.l area. (c) It 
the instruction 11 Transfer (A,S), the 
computer checks vbetber Agent A currently 
is assigned to the squad ot the agent 
addressed. 

5. With each of these three kinds of consistency 
checks I it an error is detected by the com­
puter, a copy of the message is directed to 
the sender vith the information: "RETURNED 
TO SENDER. WRONG ADDRF.SSEE. II 

6. If the communication has been properly 
addressed, then, after an interval of 
simulated time specified by the experimenters, 
both the live sender and the live recipients, 
if any, receive hard copies of the communica­
tion, vith the legend: "IMPLEMENTED IN EPOCH X." 

t. Dictionary for Translating Sequences of Button Pushings 
Into Dynamic Instructions. All properly addressed communications 
are implemented in the technological system between periods ot 
laboratory activity by the live subjects. How? Thus far 
attention has been focused on the extra-content aspects of the 
communication process. But the question arising now is: how 
does the computer implement the message-content itself? 
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For example, suppose the computer 11 uked to implement the 
COIIIIUDication ahovn in Table 4. Hov the computer interprets 
and ettecta the sequence ot activities included under 
"llection to Send" and "Addre111Dg" bu already been covered. 
How it ettects "Me11age Reviev" 11 obviout1 tram Table 4. 
What remains to be explained is the execution ot "Me11age 
Composition." 

Prior to any experimental run, the experimenters prepare a 
dictionary tor use by the computer in that run. 'l'be dictionary 
is a parameter to the present computer progr111111; this is to 
say that the entries in the dictionary can be altered tram 
run to nm without attecting the underlying program. The 
dictionary is a table that associates acceptable sequences ot 
pushbutton interventions by live subJects vith the tive 
dynamic instructions. 

For each acceptable sequence ot pushbutton interventions, 16 
successive interventions are specitied. For the meHage 
represented in Table 4, the specitication would be u tollova: 

Order of Acceptable 
Intervention Intervention 

1st 3 

2d 6 

3d 4 

4th V-1 
• 

5th 1 

6th V-2 

7th-16th None 

Thus the set of 16 interventions: (3, 6, 4, V-1, l; v-2, 
none, ... , none) means "Transfer V-1 to V-2." V-1 and V-2 
respectively stand .for the first and second variables in the 
dynamic instruction, Transfer (A,S). 

• 
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Sim1lar entries are ude tor each experimental run tor each 
acceptable me11age content that can be composed by the 11 ve 
subJect1. Por each pushbutton sequence, only one dynamic 
inltruction 11 uaigned, but more than one sequence can mean 
a single dynamic instruction. Pinally, the computer monitors 
all sequences ot pushbutton interventions. 

It any actual sequence partially coincides vitb a sequence 
listed in the dictionary but does not do so completely -- -
or it an actual sequence does not occur at all in the 
dictionary -- then the computer does not attempt to implement 
it (even though it could be aeaningtul) but returns a copy 
ot it to its sender vith the notation: "Rl'l'URllED TO SENDER. 
CCIIIJIICATION IMPROPIRLI CCICPOOID." 

3. Mam'ORIIG LIVI-ARTIFICIAL C<IKJNICilIClfS • 

a. Violations and Mistakes. It vill have been noticed 
that thus tar all a1acal.culated errors, that 11, 11mple non­
deliberate mistake• on the part ot live 1ubJect1 in communicat­
ing with artiticial agents, are automatically detected and re­
Ject~ by the computer. Such mistakes may include (a) multiple 
addressing ot artit1c1al agents; (b) miaaddressing or wrong 
addresaing; and (c) improperly composed communications. The 
ultimate obJective ot Leviathan research, however, is to 
explore the dynamics ot social behavior in large organizations. 
Such behavior may be cooperative but also it ma:, be deliberately 
hostile or aggressive. In short, Leviathan must provide for 
the possibility ot deliberate, conscious violations on the 
part of live subJecta in the communication process. 

This bring us to the second task of this paper . .. to establish 
the program requirements tor monitoring transgressions of 
authority, that is, violations ot territorial rights and of 
functional responsibilities. 

b. Authority Matrices. A set of ti ve tables ( or 
rectangular arrays) is established in the computer, one for 
each of the five buic dynamic instructions. Thus there is 
one table tor Inspect (P,T), another for Process (R,T), and 
so on. In each table, there are 24 rows, one for each 
possible subject. The columns are understood to be the 100 

squads of artificial agents {of course, the images of these 

• 
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Table 5. Rectangular Array Specitying Which Lhe SubJecta Can 

I11ue r.omrnenda to Vbicb Artificial. Agents. Organization 
Chart ot Figure 3 ia Repreaented---All Superiors Nay 
Iaaue r.cwnenda to All Their Subordinates 

ARTIFICIAL AGINTS 

. ~l L2 L3 L4 L5 L6 L7 t8 L9 L~ Ml M2 N3 N4 M5 M6 

AL l l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

~ 0 0 l 1 0 0 0 0 0 0 0 0 0 0 0 0 

Wf 0 0 0 0 l 1 0 0 0 0 0 0 0 0 0 0 

~~ 0 0 0 0 0 0 l 1 0 0 0 0 0 0 0 0 

~ 0 0 0 0 0 0 0 0 1 l 0 0 0 0 0 0 

~ 0 0 0 0 0 0 0 0 0 0 l l 0 0 0 0 

I M 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 

~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

§ BL 1 1 1 l 0 0 0 0 0 0 0 0 0 0 0 0 

BM 0 0 0 0 1 l 1 1 0 0 0 0 0 0 0 0 

BN 0 0 0 0 0 0 0 0 1 l l 1 0 0 0 0 

B~ 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 l 

CL 1 1 1 1 1 1 l 1 0 0 0 0 0 0 0 0 

CM 0 0 0 0 0 0 0 0 l 1 1 1 1 1 1 1 

C0 1 1 1 1 1 1 1 1 l 1 l .1 1 l 1 1 

I 
I 
I 
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Table 6. Pive Dynamic Iutructiona Napped '1nto 
Pour Punctional Re1p0n1ibilltie1. 

FUIICTICII DDANIC IIBTRUCTICII 

Priority Adm1n11tration Assign (P, v, T) 

Production Control Procell (R, T} 

Traffic Control Inspect (F, T} 
Route (V, L, C) 

Manpower Allocation Tranater (A, S) 
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tables in the computer'• direct access mea>ry are not like 
this). It a specitic live subJect bas the right to iasue 
an order or a decision rule to a particular agent, a one 
is entered in the appropriate cell of the table. It not, 
a zero is entered. 

An example of such a table is Table 5, Assume that it 
represents authorization to reassign artificial agents 
Transfer (A ,s). The lines of autbori ty in this tab le can 
al.so be represented in the more familiar graphical terms 
shovn in Figure 3, Note that Figure 3 represents only a 
partial organization, because Table 5 exemplifies only 
one a.u,ng the five kinds of dynwc instructions. A 
complete organizational chart vould include the relation­
ships of hierarchy and authority tor all five instructions.* 

One may, ot course, consider the specific instructions as 
ditterent functions. Then the five respective tables 
indicate to the computer vbich live supervisor is responsible 
tor vbich function. Actually, ti ve kinds of functional 
responsibilities are too many for most experimental needs. 
Thus 1n the first full Leviathan laboratory experiments 
(see TM-744, page 75), no more than tour functions vill be 
distinguished: priority administration, production control, 
trattic control, manpower allocation. The present five 
dynamic computer instructions are easily mapped into these, 
as depicted in Table 6. This mapping is accomplished by 
making the authority table for Inspect (F,T) identical 
vith that for Route (V,L,C). In an experimental design 
in vbich all ti ve functions were to be performed by all 
the live managers, all five tables vould be made identical 
This would represent a simple "line" organization o 

* In terms of graph theory, the organization can be 
represented only by a multicolored or multivalent 
directed graph, one color for each instruction. 
(See Figure 17, 'IM-744 for examples of multi­
colored organization charts.) 
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c. Bov the Ccm,euter llmitor• Authority Violations. 
Given the tive caaputer table■, vith all celll tilled tor the 
active live managers and artificial aquada, the computer proceeds 
u tollova: 

I 

1. First it carries out all the previously 
described steps required to eatablish a 
c011111UDication trom a live subject to an 
artificial agent. Thia means that betore 
the authority monitoring routines are 
initiated, the dynamic instruction 
punched into the system by a live subject 
bu been implemented in the technological 
system. It also, ot course, meana that 
the computer bu identified this in•truction. 

2. Next, the computer goes to the authority 
table associated with the particular 
instruction and teats whether the live 
manager vbo sent the cO!DIIIUJUcation is 
authorized to issue that instruction to 
that squad. If a one is present in the 
cell at the intersection or the live 
subject's row and the column bearing the 
squad's name, the action is legal. At 
this point the authority check has been 
completed, after which, as stated above 
(Section 2e}, a copy of the original 
communication is prepared by the on-line 
printer tor the subject issuing the order; 
it bears the legend: "IMPLBMENTED IN EPOCH X." 

3. If a subject is not directly in chsrge of 
a given squad, but is empmrered to issue 
orders to the squad, the column in which 
the one occurs is searched for still other 
ones. (The set ot all the ones in the 
column must be made to coincide with the 
members of the chain of authori zed command.) 

4. The hierarchy tables, described in TM-713, 
Section 8g, are then consulted in order to 
identify the intermediaries between the 
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aubJect issuing the coanand and the 
1ubJect imnediately in charge ot the 
squad. Then, at the option ot the 
experimenters, all aubJects in the 
intervening line ot command may receive 
copies ot the communication. 

TM-761 

5. It a zero is present at the inter­
section ot the subject's rov and the 
addressed artiticial agent's column, 
the computer understands that the 
subject may not exercise the tunction 
controlled by that particular table 
over that particular agent. Recall, 
however, that the instruction bas al­
ready been implemented. This means that 
the 11 ve subject bas overreached bis 
authority and violated the prerogatives 
ot some other live subject. 

6. To determine against whom a violation 
bu been committed, the computer searches 
the column in which the zero occurs. It 
locates each ot the ones in that column 
and records which live subject has a one 
in his rov. 

7, Next it consults its hierarchy tables and 
decides vhicb live subject is directly in 
charge of the squad that is the target of 
the vioation. 

8. After an interval of simulated time 
specified by the experimenters, the live 
subject whose authority has been violated 
and the vlalator receive copies of the 
i.llegal communication marked: "VIOLATION." 

d. Hov the Computer Monitors Territorial Violations. 
Monitoring territorial violations requires no additional 
programming routines other than those already described. The 
reasons vhy this is so are as follows: 
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1. A test tor misdirected communications baa 
already been performed. Tberetore, 1n all 
communications to artiticial agents, tbe 
squad addressed coincides either vitb tbe 
territory in vbich the ccnmend is to be 
implemented or else vitb tbe squad trom 
vbicb an agent 11 to be tr1D1terred. 

2. Next, ve require that every squad be 
uniquely assigned to a territory and 
every agent be assigned to Just one squad. 

Tbe consequence ot these conditions is that any violation 
signalled by tbe authority tables is a violation ot territory. 
For if' a zero appears at tbe intersection ot a live agent's 
rov and an artificial squad's column, then that live agent 
may not address that artificial squad. Tberef'ore be may not 
ettect an order or command 1n that squad's territory. 



Systan Developnent Corporation, 
Santa Monica, C&lifornia 
THE LEVIATHAN TECHRIQUE FOR Fl'FECTOO 

UICLASSIPDD 

AND l«>NI'l'ORING LIVE-ART~ICIAL CCHtUNICATIONS. 
Scientific rept., 'l)f-761, by B. K. Rane, 
s. c. Rcne. 26 September 1962, 28p., 3 figs., 
tables 

Unclassified report 

DESCRIPrORS: Autanation. Behavior (Psychology). 

Identifiers: Decision-Making. Simulation. 
Leviathan. 

UNCLASSIFIED 

UNCLASSIFIED 
States that in the Leviathan dual-mode 
simulation live subjects occupying 
managerial roles camnunicate with one 
another and with autanated personnel. ~• 
camnunication takes place over the computer 
by means of pushbuttons and digital displays. 
Automated agents, carrying out the productive, 
technological work of the organization, receive 
and implement orders and decision rules. 'lbese 
reflect the intentions, policies, and plans of 
the higher-level, governing, live decision makers. 
This paper establishes the program requirements 
for the conmunication process fran live managers 
to artificial agents, and for monitoring 
transgressions of authority. UNCLASSD'IED 



UNCLA§§IFIED 

UNClA§§KfillE]I)) 


	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033



