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“In 1959 I circulated SEPR No. 7, "Problems to be Referred to
the Society for General Systems Research,” with a sample calculation
included of the distribution of Community Exhibit Space determined
by the negative entropy of the membership statistics. This was
prevared in response to the question stated as "Problem 7.1.1"
reproduced on page 'B.'--- 'D."

This same example was used in SEPR No. 65-E (5/23/63), "abstract
of 2 Research Plan for a Book on /COMMUNICATION THEQORY IN THE CAUSE
OF MAN/."* As a result of comments received on SEPR 65-E, I issued
SEPR No. 7-B, which clarified the concepts of the allocation of public
display space. This material is reporduced on pages E --- G.

The revised example was further explained and illustrated in
my conference paver, "Cybernetics and Public Order," at the
Novenmber 1964 Conference on Cybernetics and Society at Georgetown
University, Washington, D.C. (SEPR 93-2, pp. 53-54; edited in SEPR
93-G, Appendix C, pp. 57-59)

This concept was further developed in a handwritten draft
memo, File No. 191 (July 20, 1968), "Review of a Proposal of Peter
M. Wood of July 1967 on'What IBM Can Dc'!." The example from File
191 was further developed for use in SEPR No. 181-D which is
included in this memo, SEPR HNo. 181-F.

Further editing is contemplated, before publishing the material
of SEPR 181-D. '

Frederick B. Wood

*Presented to the A.I.E.E. Cybernetics Committee Workshop at the
Soring Joint Computer Conference, Detroit, May 1963,
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Stage C of A tc T. A Vorking Faper Zraft SEFR Mo. 7-3
Frederick 2. 'Wood, Fh.D., Socio-Enginesriag rroolems,
' e St Taliforniz 2200
TSLLCCATICN CF SURPLITVZATIEY PUZLTI Z¥HIZIT 3FACE ZVY
NISITHTACPY CF UEWSIRIYIF STATIZTIC3.”
note

This memorandum is 2 revision to pages 3-% of 3IF% Ne. 7,

"Problems To Z2e Referred To Thse 3ociety For Zeneral Systems

Research,” 2/11/52; and 2/s0 a revision to pp. 5-7 of 3ZP

No. 65-5, "Abstract of A SResearch Plzan for 2 Book on

TCOMMUNICATION THICRY IN THE CAUSE CF wAn!," 5/22/53.

¥y concern over church meeting and exhibit space comzs from
a series of experiences since Vorld 7ar II principally in Californiaz
in whicn churches navs been forced out of strategic locations
throcugh thes state's use of eminent domain for expznsion of schools
and freewzys. Juriesc and locz2l] judges undercuﬂnd financizal
injustices easily and thus havre correctasd any unfair awards in
regard tc the monetary cocmpenszaticn. The loczation ¢f the princioal
churchha and synzgogues in stirategic points 2round centrzal parks,
squares, and civic centers used to te 3 symbol of the role of the
religious organizations in helping man da2velop a concsciegnce and to
look forward Trom tne past strucgles toward = better more just
society. Sven though some of 1the churches mzy bs 2 Zeneration
behind in ad usting to the advances of medern s=ciznce, discussions
of the prodlems of our civiliz2tion in church discusszion grouss
serves zn importaatl role in developing understznding of the problems
of our civilizztion.

The 2conomic trends and city planning psolicies of larya Amzrican
cities result in the 'socialization' of an increzsingly fzarger
fraction of the prooerty in the center of our citizs., Public
buildinzs and freewavs 22t up the land arez in the canters ot our
large cities, wnile skyscrappers shield fthe ramazining centrazl
ggquares fTrom general view., If a new religicus group should devalcp
in 3 tyonical lar-e “merican city, it would have 2 very difficult
time acqguiring a strategic site for tneir central temsle. 2 may
have a conflict between the principle of snparatncq of church and,
state and th2 juarantee of raligious liberty when the percentage
of publically ovnzad preoperty in the centers of our cities sxceed
a2 certain fraction.

tmen this level of 'socialization' excesds 2 cartzin critical
fractioa, it mzy pe necessary for the state or city to zlloczta
supolaemantal spgzce in the form of bulletin toard sgazz in 2 ceatral
square or civic canter to diffzrent rafigious and phnilosopnical
groups. The purpcsa of this memorandum is to zxplarz 2 hypothesis
that the concept ¢V n=zgjentropy Trom electrizal comminication thzory
can be usad 2¢ 2 guide in such circumstancss Tor detzrmining the
ratfcs o suggismanlal spaze te ziloczis fo zzazh relicicus rous.

i
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The reaszon fcr censidering "negentrepy” rather than soma other
property Tor 2 guide in this altocation of sgzce is that there is
a foose rﬂlﬂtlcncﬂlo petwvean maximizing negantragy and an ethical
princinle of "reverances Tor Pif2." The 2nalcgy can e sesn partialiy
by natin; how tilogical systomsg pracervs or incre=2se order, wnercoy
decreasing entrony { or incredsing negative zntropy). This is
dlsruvced mora fully in 3ZF2 to. 23-3, "Negentrepy znd the Concegts
of Freedcm, Democracy and Justice.”

Reviewing the situation of 2 citly that bas been cut up by
freaways and in which the original center fTormerly holding the
central core of principal churcnes has of2n shrunk by expansiocn of
a college and by schools and public suildings. The churches wnich
have been eliminated can be found relocated cut in the suburbs,
with the exception of the Jlargest denominations the diversity of
religious Lelief of the city no longar can be seen at a glance
as gne stands in the center of the city.

Consider an hypotheticzl city of 100,000 adults (children
not countad inthis study). The assumad ous-r;outlon cf adult
members of different relljlous faiths is as listed in Fig,
It is assumed that each religiocus group haeg bulletin beard spzace

2s indicated on iis church propariy, but visitcle from ihe public

{

O

street. For some locations the bullevin board may te in a2 strateagic
place, but Tor other s it maoy vace on z side street in 2 suburbdan
area and the church mzy te obscured from vier Ly a frezway znd
a set o7 skyscrappoers., Ve shall experinmznt with 2 way to allocate
supplementai bulletin board sgpaces in a cublic 2uilding or putlic
square tc guarantez inhat all religious 3rouns have scme prime
pudblic dulletin doard spz2cz Tor the benefit o their own mambers,
visiting members c¢7 their faith frem out of town, and tc bz =2 svmbol
c¢f the ccoperative existence ot differing Tz2iths in a demccratic
COu.?'ldﬂl L_{ -

The results of =z sample calculation are tzhulated in Fig. |,
The supplementary public bullzatin bozrd spzce is takzn preoportimal
to the nezentropy of the membership statistics., In zddition the
privately owned tulietin space and the totz! valuss z2re tabulated.
These values are drawn graphically to scale on the bettom part of
Fig. t. 3uppose that a 100" x 30" section of the main lobby of
the civic center building is devoted to exhibit sgace consisting
of 2 four Toot wide section of bullatin board around the lobday.
Tnan 18,157 unit squares of space vould correspond to 1040 s3.7t,.
making each unit be 2.4 sg.in. Thnis makes the smallast group ’
(No. I3, Ethical Culture) have IZ.2 units or 15 sq. in. eor cne
legzl gize sheet of paper. If one individual developzd soms new
philasopny, by thz negeatropy 7ormulz, he would b2 entitled to th=z
space of ons third o7 a2 pgage space to state in on2 pzragraph his
causg znd to give his address, ghonsg, atc,, Tor fucther detzils.,

Frederick 2. "ood
“arch 31, 1254

CFige b oredrawn 5/30/64 e e e
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- 1 - File No. 181-D
11/11/68

*"CYBERNETICS AND THE M.B.A."
By Frederick Bernard Wood, Ph.D.

John Jaguar, a fresﬁ M.B.A., has just been hired on by a large
corporation to be a special assistant to the manager of one of their
engineering development laboratories. The manager has just called
Mr. Jaguar into his office and says:

*Welcome on board, John. I've heard a lot about the case

method at HBS. We got another case study all ready for you,

only this one is for real.

*rhe problem is this:

(1) we've got a few engineers and computer programmers

who are grumbling about various things. They don't seem

to be complaining about wages, working conditions, and

the usual things workers used to complain about. Their
complaints are zbout not being able to put notices on the
company bulletin board about all sorts of external meetings
that have nothing to do with the business of this corporation.
They want to have luncheon speakers like Eldridge Cleaver,
Caesar Chavez, and Bridgit Bardot.

(2) A union formerly the Amesrican Federation of Technical
Engineers, which has cénsistently been rejected by engineers
in the past, has now changed its name to “"American Federation
of Professional and Technical Engineers," in order to appeal
to engineers. We are not lnterested in promoting the union,
and hence are following a tight bulletin board policy, so

the union organizers will have no prededent for claiming
bulletin board space.

(3) To our amazement a number of engineers and programmers
who never gave a thought to unions, are now ingquiring whether
a union organization would help them fight for bulletin board
space for community meetings on race relations, problems of the
ghetto, etc. We seem to be in a bind, namely our pblicy on
bulletin boards, intended %o reduce contact with uphions, is

stimulating thoughts 2bout unions.




- 2 -

{4) We hired an outside management consultant to examine
this problem, but he died of a heart attack after a few days
of study. The nurse at the hospital says his dying words
were “"Try Cybernetics.". .
(5) We have checked out all the books on Cybernetics and
Management, but we don't find anything that clearly applies
to this problem.”
The laboratory manager then told Mr. Jaguar that he had thirteen days
in which to come up with a proposed solution. Below is a copy of the
report that Mr. Jaguar deiivered to the laboratory manager on a Sunday
evening fifteen days later, just before the manager took off on a

trip to corporate headguarters in New York.

ﬂ : , Case Study: Cyber-0001
THE USE OF CYBRERNETICS TO SOLVE
AN EMPLOYEE COMMUNICATION PROBLEM

AT XY¥Z CORPORATION. ‘

‘ By John Jaguar

INTRODUCTION .

This problem centered around employee demands for bulletin board .
space within the plant---private propesrty of the corporation———presenfs
some unusual features. For this special case I have decided to recount

my sequential steps in searching for a possible solution to the problem.

The first thing that strikes me is that in a Business History course,
we studies Peter F. Drucker;:Thé Future of Industrial Man{1942)

These demands of the employees appear to be related to the problems
Drucker was talking about:

“"In other words, the plant must be made into a functioning self-
governing community. It must be made capable of serving industrial

soc8ety in the same manner in which the villiage served the rural

society and the market the mercantile society" p. 205.

“The central fact in the social crisis of
our tkme is that the industrial plant has become the basic social unit,

but that it is not yet a social institution.' p..207.



These problems of the evolution of social institutions seem toO
be interrerriag with the management of an engineering laboratory.

fet us exvlore what the outside consultant meant by 'Try Cybernetics.’

'WHAT IS CYBERNETICS?

Webster's Seventh New Collegiate Dictionary defines Cybernetics as

*comparative study of the automatic control system formed by the nervous

system and brain and by mechanical-electrical communication systems."

To understand more about Cybernetics, I had to study Norbert Wiener's

books: The Human Use of Human Beings(N.Y.: Houghton Mifflin,1950) and
X 2m A Mathematician{N.Y,: Doubleday, 1958).

I found that Cybernetics
deals principally with defining the feedback loops in complex systems
and with measuring the information contained in the messages going
over the feedback loovs. There is some emphasis on the analysis of
erross in these feedback communication systems. ’

I found the situation in Cybernetics confused in some areas on
2ccount of specialists oﬁjecting to cybernetics as it impacted their
special field, instead of.improving Norbert Wiener's first approximations,

The steam engine governer ‘of Fig. 1 has become a symbol of the

feedback signals in cyberretic systems maintaining equilibrium.

FEEDBACK LOOPS IN BUSINESS ORGANIZATIONS

To get a glimpse of the more complex feedback loops in a business
organization, let us look at a diagram from HBS LOB Course. Fig. 2 is

from John 2. Seiler, Svstems Pnalysis In Organizational Behavior

(fomewood, Ill: Irwin and Dorsey,1967), p. 33.

In fig. 2, we see the total system divided into two segments: Forces in
the Emuvironment and The Organizational System.

The material relative to this particular problem has been organized

in the format of the framswork of Fig 2. Rather than comment on the
details, I suggest that yoﬁ study the specific notes in Fig. 3 which

outline the main parts of this problem of communication in XYZ Corporation



automatic Control (N.Y.: Simon &
Schuster, 1955) p. §)

(from Ernest Nagel, "Self Regulation,"
gcientific Pmerican Book:
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(from John A. Seiler, Systems 2nalysis In Organizational Behavior,

Homewood, Ill: Irwin & Dorsey, 1967, p. 33)
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For the M.B.A. with an engineering background who might be dissapointed

with the lack of precision of the diagrams of Figures 2 and 3 compared

to electronic circuit diagrams, I wish to point out the tradition

established by Karl W. Deutsch in his book, The Nerves of Government

~-Models of Political Communication and Control {The Free Press of
Glencoe,1963) .

This reference illustrates the impacé of Norbert Wiener's
‘Cybernetics’ on the analysis of political systems.

ANRALYSIS OF THE ENVIRONMENTAL FORCES IN THE
PROBLEM FEEDBACK DI2GRAM

Electronic technology, particularly TV, has both pushed people to
their channel capacity, and made it easier for people to know what is
going on all over the world. Furthermore the work of XYZ Corp. has
improved the tools of the social scientists, so we can analyse social proble
with more precision. At the same time modern corporations, including

XYZ Corp., have unintentionally caused a deterioration in  democratic

political institutions in the United States. This means that the citizens
are ill-prepared.to use the results of the research of the social scientist:
supported by advanced computer technology.

A fundamental fact is that approximately seven thousaznd years ago
tribes of men developead more compiex orgaﬁization of human society through
(1) division of labor into soldiers, farmers, and artisans, and (2) develop.
elementary force amplifying tools which characterised most most of recorded
history as being in the "Force Era." 2bout three hundred years ago
the First Industrial Revolution started which shifted the organization
of human society to rely primarily on power amplyfying devices such at
the steam engine, electric generators and motors, internal combustion
engines, atomic fission, and atomic fusion.

We are now in the Second Industrial Revolution in which communicati on
equipment and processing are becoming the main technological base of humean
society. Therefore some people call the new era the "Communication Era."
Our entry into this new era has potential of much more creative
opoortunities for human communication. This means that the citizens
are ill-prevared to use the results of the resezarch of the soical

scientists supported by advanced computer technology.

-
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A fundamental fact is that approximately seven thousand years ago
tribes of men developed more complex organization of human society
thorugh (1) division of E;bor }nto soldiers, and fermers and artisans,
and (2) developigng elementary force amplyfing tools which became
characteristic of most of man's recorded history UALLY/¥AL/+ in the

Force Era.

2bout three hundred years ago the First Industrial Revolution
started. It shifted the organization of human society to rely
primarily on power amplifying devices such as the steam engine.
We are now in the Second Industrial Revolution in which communicatior
equipment and systems are becoming the main technology base of
human society. Therefore some people call the new era we are
entering -—— the "Communication Era." oOur entry into this new era
has potentialityes of much more creative opportunities for human
communication.

‘The existence of the bulletin board probelm in XYZ Corp. is
a forerunner of a series of problems in human communication.
that our society is encountering in this transition period.

In the absence of well tested hypotheses,' -the one criterion that
we can be sure of, is to improve our sensitivity for listening
to what people are saying. At the minimum we can say that this
bulletin board problem means that some small percentage of our
~employees feel that important channels of human communication are
blocked and need to be opened.

Without going into a detailed discussion, let us examine
what choices exist in connection with the environmental forces
listed in Fig. 3 . Suppose we are considering providing some
additional bulletin board space either on the company premises or
in cooperation with other community grouvos on some neutral
territory off company proprety. We have a decision to make as to
whether the distribution of space on a bulletin board be based on
national political parties or on the internal distribution of choices

of our own employees.
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~ BATIONAL POLITICAL PARTY CRITERION.

One way to provide bulletin board swace is to expand human
communication would ke to allow no space in the laboratory, but
make a financial contribution to the town Chaﬁber of Commerce
to put up a bulletin board in the town plaza. The space allocation
on the bulletin board would then be up to the Town Council or the
Chamber of Commerce.

Another way wuuld be to give equal space on a bulletin board
in the laboratory with equal space to each national political
party that ran a candidate for president for at least one of the
last four presidential elections, From examination the vote
tzbulations for the 1932, 1956, 1960, and 1964 elections in

the annuzl issues of The World 2Almanac, we obtained a list of the

political parties to which we added ones which are active in the
current 1968 campaign. Such a bulletin board is illustrated in

Fig. 4. : ;

INTERNAL CRITERION. |

. If we wish to use internal criterion such as the distribution
of preferences among the emplcyees of the laboratory, we first
have to make a survey. Last week we made such a survey by
distributing a confidential questionaire to all the employces
of the laboratory. We distributed the questionaire to all 350
employees, and received returns from 300. Of the 300, ten were'
returned blank or with comments objecting to the bulletin board
project. The results of the survey are tabulated in Fig. 5.
The second calumn in Fig. 5 is the probability ;that an individual
in the laboratory would prefér space be given to the party or
group indicated. 1In this survey we stated that preference could
be given to any political party, religious group, social group,
or, evan to a one-man project. |

The next question is what formula to use to allocate the space.
One simple way to try is to allocate space in proportion to the
probabilities that employees in the lzboratory prefer the indicated

grouws. Such a distribution of bulletin board space is shown in

/ Pig. 6. This allocation appenrs logically fair, but somewhat
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——jnefficient. -The Democratic Party and the Republican Party have
more soace than they have details to post. The Balck Panthers and

Projects #2 through #5 have barely enought space to list their
name and telephone numbers. Isn't there some way of weighting the

the probability distirbution that will make more efficient use of
the space and still be an equitable division of space?

Claude Shannon in The Mathematical Theory of Communication{Urbana,

T11l: 1949) gives formulas for the information content of letters of
the alphabet and words in a_language. For our purposes.we don't
have to get involved with mathematical derivations, we can use

the empirical methods of Samuel F. B. Morse, the inventor of

the telegraph.

A MEASURE OF INFORMATION

In 1838 Samuel F. B. Morse demonstrated his electric telegraph
éyétém to the President and Congress of the United States. To make an
efficient telegraph céde, he counted the type slugs for the different
letters in the alphabet in a printers shop, and then assigned the short
code to the most frequently occuring letter and the longest code to the
least freguent letter. This is illustrated in Fig. 7, where we see tha
'E' the most freguent letter 1is assigned one dot, 'I' the next most
frequent is assigned two dots, and the least freguent letters -- '-J,0,°
are assigned different sequences of one dot and three dashes -- the lon
code length. S. F. B. Morse in attemoting to make a more efficient cods
was also making the time assigned to each letter approximately proportic
to the amount of information conveyed by the letter. In 1949 Cclaude

Shannon published The Mathematical Theory of Communication in which he

defined the information conveyed by a synbol as'Ii;}logzpi. where =5
is the probability of occurence of symbol i. 7

Thus, if the probability of an event is one, then a message saying
that event occured would not convey any new information. The logarithm
of one is zero. If the probability of an event occuring is 0.5, then
the information of a message revorting an occurence would be 1 bit,
If’the probapility of such an evant is 0.25, then the information of suc

-

a message would be 2 bits of information.

-
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This study of the weighting of the length of the code lengths fo.
the letter of the alphabet on a telegraph system in proportion to the
amount of information conveyed by the letters suggests the posibility

of weighting the space on a bulletin board in proportion to the informat

conveyed by the different groups.

STATISTICAL DISTRIBUTION OF POLITICAL GROUPS

Let us consider some of the procedures we learned in HBS Cours MERC
W? will need a distribution of probability that an individual will prefer
different political or religious groups for allocation of bulletin anrz
Space. We need an exact graph of a distribution similar to that of Fig.

in Robert Schlaifer, Analysis of Decisions Under Uncertainty,Preliminar
Edition, Volume I,McGraw Hill Book Co.(l967). Y

- ?o obtain such a distribution, we prepared a gquestionaire which we
distributed to all employees at the specified laboratory The questionai
- ]
asked the employee to write in the name of the political group

religious
group, hobby club or wheth
b Q}ﬂ | er he preferred a blank space. The results of
the survey are %ﬁ;ﬂ;Jai in Fig. 5.

The vrobabilities of employees preferring different groups are
reoroduced in Fig. 8. Then a weighting factor proportional to

the information content of the group is calculated. The formula
used is the logarithm of the probebilities. Note that this give
a curve in Fig. 9(B) similar to right hand edge of the list of

the morse tabulation in Fig. 7.

DISTRIBUTION OF BULLETIN BOARD SP2CE
IN PROPQRTION TO THE PROBABLE INFORMATION CONTENT.

Next the probabilities are multiplied by the weighting factors
and then are normalized to give the allocation probabilities P..
which are tabulated in Fig. 8 and are plotted in Fig. 9(C).
Then the number of lines of computer print-out on 8%" wide sheets
are calculated. To allow minimal space to one-man projects a
minimum of three lines was specified. Further the reguirement
that notices be keyed into a computer-controlled text editing system

permits the legal department of the corporation in another city
Vi
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-to obtain immediate copies of all new and revised notices to check

for any violations of elementary rules preventing notices promoting

illegal acts or libelous statements. The space allocation is then

calculated on the basis of N lines plus a on

-half inch marqgi t
top and bottom. gin a

These results are tabulated in Fig. 8 and a
layout of such a bulletin board is shown in Fig. 10

PEEOSTEM-
DECISION TREE FOR CCOMPPRING THE ALTERNATIVES

Let us organize the major decision alternatives inthis situation
in the form oa a decision-tree similar to these used in HBS courses
MERC- 2-3. Suppose we try to # make decision tree similar to those
described 1ln Chapter 1 of Robert Schlaifer, 2nalysis of Decisdns
Under Uncertainty, Volume I.J(McGraw-hill, 1967) Schlaifer has a

number off examples starting from a point on the left and branching

to the right fhrough all the possible decisions, ending on the right
with the estimated cash balance of the &¥/ corporatién for all the
different sequences of events and decisions{actsy. Now our problems
about bulletin board space has something different than cash balances
as.fhe outcome. ‘We have no estimate of the quantitative effect on
cash balance. The best we can do is establish a number of qualitatibe
criterion. Therefore we construct a tabel similar to the way a

scientist testing alternative hyoothesew would proceed.

In Fig.1}! we show the decision tree-on the left with a atable
of estimated outcomes on the right. 2 plus(y) indicates that decision
makes a positive contribution to the activity noted at the top of the
column. B minus(-) lndicates a negative # indluence.

‘The first branch on the tree is whether the bulletin board
decision will be based on external or internal_ciiterion( or naticnal
vs. local). If the Laboratory Manager chooses national (or exéernald)
he may opt gf¥ for (a) no political material on company bulletin boards
» or {b) for egual space to poiitical parties running candidates for
president of the United States duaring the last four presidential
campaigns.
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Nine aspects of the problem are listed as columns in Fig. 11 in the
outcome matrix. If the laboratory.manager chooses the first choice
of no political notices in the laboratory, the outcome is negative for
all aspects except #2, which could be positive, if money is contributed
to the communicty bulletin board project. _

If the manager decides to follow the second alternative, we have
a positive outcome in three and a2 half columns out of nine, and a
negative outcome in two columns. This alternative still does not
solve item #1, the problem of employee complaints about bulletin
boards, because a significant part of the activities over which the
enployees are concerned are special lochl situations, not haldled by
the national political parties, -

If the manager choose to use local criteeia, he could fivst try
giving space in proportion to-the‘orobability that local employees
prefer different groups as is illustrated in Fig. 6. Reviewing the
probable outcomes in the outcome matrix in Fig. 11, we find that

this give a probable positive outcome in seven out of nine, and a

neutral outcome inthe remaiﬁ'ing two columns.
Next we examine the probable outcome, if he chooses a more
efficient allocation of bulletin board space, i.e., the probability
weighted by the information (estimatedY in messages from each group.
Here we see that the estimated outcome is that we expect a positive
outcome in all nine columns, and appears to give extra positive

results in four of

the categories.
SUMMARY

We have examined the nature of the problem of XY2Z Corporation
" first from the feedback between the organizational system and the
environmental forces, and found that the nature of the new era we
are moving into -- the Communication Era -- requires careful attention
to the number and nature of the communication channels in an
organization. Second we have examined the range of ways to
change the communicaton channels in respect to bulletin boards on
the corporation premises, and have found that a probability distributio
weighted by fhe information content of the messages of the different
groups is the only one of the alternatives considered that would
‘give 2 positive outcome for all nine elements in the problem. Thus
,Q; have arrived at a proposed solution by use of two concepts from
Cybernetics, nam

ely
amount of informestio
fRformatiOA-EORTERES

-- feedback locpm analysis, and measure of the

n.in
g£ sets of messages.
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