HELPING PEOPLE THIMK
Robert C. Goldstein

MAC Technical Memorandum 25
April 1971

(Reprinted from Naval Research Reviews
January 1971, pp. 1-10)

Massachusetts Institute of Technology

PROJECT MAC IR

545 Main Street _ Massachusetts 02139

e oo —— -~ _ . B _ - e ——



HRIHT AIJ0oET oMIGIEH

aigdablod D Fiedos

o mﬂ Im Wl Beldaiiges)
b=t .qg ,IVel viswast

QLIte srdesudossest Jeoil2 nisk 32




Helpine People Think
by

Robert €. Goldstein

Massachusetts Institute of Technolosy - Project MAC

Everyone, today, is familiar with the use of mackines to
ease physical burdens. Since the dawn of civilization, man's
progress in gaininz control over his environmert has been larrcely
determined by the power ancd sophistication of tte machines that
he has been atle to command., Furthermore, since simple machtines
can be used to construct more complicated ones, this process,

once begun, tends to advance at an acceleratin~ rate.

When zeneral-purpose computers first came into existence in

the years followings World War |1, many optimistic observers felt

The work reported herein was performed at Projcct MAC, an M,I.T,
research project sponsored by the Advarced Research Proliects
Agency, and was supprorted by the Office of Naval Research under
Contract NOOOl4-69-A-0276-00C2,



that they would soon do for man's mertal canabilities what other
machines bhad done for his rtrysical oncs, Ute have now nassed
throuch the first twenty vears of the comnuter arce, and
regretably, wec do not seem to have macde rmuch prosress in
augmenting man's ability to think., Computers have given man more
time to think by relievinz him of many tighly repetitive clerical
tasks, and they have also made it easier by providinT relatively
quick access to large data bases, However, even these relatively
meager benefits are usually availakle orly to thtose willing to
interact with the computer or its own terms. This oparer
discusses an on-going research prorram in interactive problem
solving and decision makine, The ~o0nl of this rPro-rem is to
develon a computer based facility for aurrentinc a man's
intellectual ahility. Such a system should provide powerful and
well human-ensineered interactive aids for attackine comnlex

problems and stould automatically handle routine ores,

The first recuirerent of such 2 system is for a very
effective means of communication between the men and the
computer. This might take the form stovn in Figure 1. The chair
provides a comfortable phrysical environrent for the man and

serves to minimize outside distractionrs. Witrin thke chair

complex, the man has a numher of devices which car he used for



-3-

communicating with the computer. Several devices are required
because information inkerently comes in several forms and
different devices are best suited to each form. For example,
ordinary text is entered tihrouzh the use of a typewriter-like
keyboard. A second, smaller keyboard is provided so that a
selection of frequently used specific messaces or requests can be
entered wfth the push of a single button. At some point in the
future, we should be able to replace both of tlese keyhoards withk
some sort of speech recoenition device which would bhe far more
effective. A special pen and writing surface are provided so
that the user can enter sketches, graphs, and otirer pictorial
data conveniently. Finally, there is a device whicht can be used
to point at positions or objects on a displey screen controlled
by the computer. In our system, this device is a "mouse'", a small
hand-held object which can be moved about, causing corresponding
motion of a spot of light, or cursor, on the screen. |t would
also be exceedingly valuaktle to Frave a means whereby complex
pictorial data, such as photographs or three-cdimensional objects
could be perceived by the computer, but such facilities are not
yet developed tco the point where they can be included in an

operational system.

Communication from the computer te the person s handled

primarily through the medium of a display screen whose contents
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can be altered dynamically by the computer. Botit lire drawings
and text can be presented this weay. Color ard |lalf-tone
capability would be desiralhle, hut will not he included

initially. Additional display facilities will be added later for
slides, microfilm, and other sources of relatively static
information. Telephone and television capabilities will also he
provided to facilitate communication witih tle outside world,
Facilities are also provided to permit the user to make a
permanent copy of information appearins on tke screen, At sore
point, we would probably also want to consider the use of audio
communication frecm the computer. This is not particularly
difficult to prcvide. However, since the eye btas a much higher
bandwidth than the =ear, it is appropriate that the initial
emphasis be placed on visual presentations. The primary veluz of
Ziving the computer a voice would result firom its use as a
signalling mechanism. It is possible not to notice a new messare
silently appearing on a screen, but very hard to miss an aurel

signal.

In addition to elabcrate fecilitizss for man-mechine
communication, such a system must also be canable of storing and
manipuleting significant qgurantities of information. [t s

1

probably possible today to give a computer a better memory ihan a

person, particularly if accu-azy is considered as well as size.
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However, peorle have a very highly develcped ability for
screening the information that is zonstantly beine presented to
them, and remembering only that which is liksly to be of future
value. People :re also zood at using nierarchical memories.
That is, they use some portion of their memory to ho'd a set cf
pointars tc information which they do not chocse to remember
directly. These pointers refer to other people, or to bcoks and
articles, whicl can be cconsidered as lower levels of an
individual's hierarchical memory. Computers car probably not be
taught to screen information on input as effectivaly as people
do. Therefore, tc achieve the same level of ef<ectiveness, they
probably have tc retain more information. Forturately, this dces

not pose any particular difficulty., FHowever, if the computer is

to engage in useful intellectual activities, it must also be
given the sam= benefits as a person in the areas of external
communication and library facilities, Probahly the most

important single reascn why ccmputers have been effective only in
retatively routine tasks is that the information they are zivan
is too little and too specialized, | would gzo so far as to
suggest that, in lieu of being able to read a newispaper, the
computer ought to have direct access to one of the natioral wire

services.
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0f course, it is not sufficient for the comnuter to nmerely
pile up a massive amount of data, It must also he caprakle of
finding patterns, drawing inferences, and eveluatins implications
with respect to given eo0als or objectives. This brin~ts us into
the general area of modeling. Qur system must have at its
disposal a rich collection of tools for simulation, statistical
analysis, mathematical prozrammine, etc., Such tools would offer
the computer not only the ahility to draw general conclusions
from a mass of specific information, but also to compare

alternative courses of action in terms of a set of objectives,

At this point, it might seem that there is no longer any
reason to have a man in the system, However, bhefore we can
actually take tte sten of removine him, we would rot orly have to
have great confidence in the computer's information eatherins and
interpreting capability, we would also have to he sure that its
goals were the correct ones. Whatever steps we may teke in the
comine vears toward computerized decision-makiny systems, it
seems unltikely that man will, ary time soon, be willines to
delezate his goal-setting function, However, this should not
cause us any particular concern, since our intent 1is not to

replace man, but rather tc utilize his unique carabilities most

effectively.
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Having seen where we would lixke to zo, let us look at what
we have been ahble to accorplisih so far. The work reported here
was performed by tte MacAIMS (MAC Advanced interactive Manazement
System) Grcup at Project MAC under the sporsorship of tre (*fice
of Naval Research and the Advanced Research Projzcts Agency of
the Department of Defence. The work of the MacAlIMS Group began
in June 1968 as an attempt to use the computer to improve the
effectiveness of Project MAC's owr maragement. A stucy was
undertaken to identify the most important prchlem areas. This led
to a substantial programming effort that lasted acproximately two
yvears. All programs developed diuring tiis phase of the project
were writter in the AED (Algol Extended for Design) lensuage and
are used on a medified IBM 7094 comrputer operating under the
Compatible Time Sharing System (CTSS) developed at Project MAC in
the early 1989's, CTSS was one cof tre first large-scale, ceneral
purpose time sharing systemns. As such, it lacks many features
which exist in some newer systems, but is riore cepehle than most
time-sharing systems in use today. A number of programs
developed as part of this research are in daily use by the MAC
neadquarters office. These include fecilities for rersonnel
adiministration, pirchasing, inventory control, &iid budgeting.
These programs have some excellent charactzristics, particularly

in the man-machine interface area and in their adeptability to
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changes in requirements. Examples of enquiries using the
personnel and budgeting facilities are illustrated in Figures 3

And L, respectively.

One should particularly note, in these two examples, btow the
system correctly interprets abtbreviated or misspeiled words, This
capabiltity, which was not difficult to implzment, lras rroven to
be extremely valuabie. The prograns alsc provide cuidance at
strategic points in the interactinn if tihe user does not seem to

.

know what tc do. This guidance can a'so bpe reauested at any

point through usa of tke "help" request.

The major drawtack of this svstemn is that the 1imitad memory
capacity of t'e 7094 makes it impossible tc comhine informationr
from the different application areas. For =2rample, while the
budgeting system will make a quick rough cut at a new hudget by
taking the previous one and making standzard adjustments, e.:3. for

salary increases, it cannot actrvally look at the persornel data

base toc find out what current salaries really are. This
capability for csimultereously consideringe informacion of
differert types or from different sources 1Is somreibing that

oceope use constantly. Any computer syster desicned to offer
intellectual rather tran just clericel azsistance must also be

able to do this. CTSS also lacks adequate facilities for access
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control which has restricted our ahbility to open the system to

wider use.

late in 1969, a new computer system became availahle at

M. 1.T. offering substantial improvemrents in capahility. This
system is called Multics (for MULTiplexed Information and
Computing Service) and runs on a GE 645 computer. It was

developed as the result of a lonz cooperative effort by Project

MAC, Bell Telephone Laboratories, and the General Electric

Company. Multics was explicitly designed to overcome the
limitations of CTSS in a number of areas, including preocessing
power, data storage, and access control. Shortly after Multics

became available, a decision was taken to begin a second phase of
MacAIMS program development in order to take advantage of thte new
system's additional capahilities as well as the substantial
recent progress in terminal device technology and the larre

amount of experience gained throush the actual use of our CTSS

facility. Observation of the system in use by the MAC
headquarters staff provided much valuahle insight into the
relative importance of various capabilities. For example, the

abbreviation and misspelling recoznition facilities mentioned

earlier are used very extensively and will be greatly expanded in

the new system,
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In terms of the general philosophy of interaction, we hope
to orient the new system more toward commands than questions and
answers. That 1is, we want the user to assume the active role,
telling the system what to do, rather than merely responding to
questions. This brings up the interesting issue of what to do
when the wuser fails to take the initiative. Under some
circumstances, this may mean that he is not sure precise]y what
is going on, or what alternatives are open to Him. At other
times, he may merely mear that he wishes processing to proceed in
a normal fashion. Thus, at every step, the system must be
srepared tu take some defauit action in the absence of specific
instructions. Our actual o9operating experience bhas bheen very

helpful in work.ng out these default strztegies.

Probably the most important 1lesson that we have learnc:d
from our past experience has been that the systein designers must
strive for the utmost flexibility. It is impossihiz to forsee
all the ways in which the system will be wusec, and its very
availability creates additional uses. We have therefore sought
to make all aspects of the system alterable under operating
conditions without requiring reprogramring. This anplies to such
system-wide features as the structure of the date ‘tase and to

such personal issues as the particular style of interaction.

This latter capability implies that the system mey actually act



.-11._

quite differently when wused by Adifferznt individuais. This is
merely a manifestation of the well-known differences batween
people and particularly, their difforant styles of marasement.
We bhelieve that our system, to he effective, must interact with
ezch individual in a way which is confortable for bim. Thus, the
systerr will constantly monitor the nature of each user's activity

in order to adjust, as fer as possinle, to his incdividual style.

The daia manasement system used in the Multics version of
MacAiMS is sibstantially different from conventional informz=tion
retrieval systems. This new design arises both out of our past
exparience and the additional capabilities made availeble to us
by the Multics environmenc, It is rtased on a reiational, or set
theoretic, approach t. data base organization. In esseiice, we
take the view that ail of the information ws might wish to store
consists of data elements and relations among them, Furtharmcre
these data elements and relations fall naturally irto s=ts. For
example, we might have a set of persons nares, and & set of
telephone numbers, We mig-t then also kave a sat of relatiors
associating teleptone numbers with people. 0ne obvious advantase
of this approach compared tc more rigicd sysitems i35 the ea-se with
which exceptional conditions can be handled, For example, tibhe
cases of a person who has no tele:hore number or of one who bas

several reaquire no special treatment of any kind, A  further
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advantase is that the substantia“ body of theory concerring sets
and operations orn “hem can all be brought to Dbear or tke data

managemnent problem.

A relational approvach to data manargzement =z21so has some
attractive impiications for the problem of information security.
This comes from the fact that the cate elements are stored
separately from tha relations amongz them. It viou.d therefore bhe
possible, for example, to give a pmarticular user access to the
naine set and the salary set withcut allowing Fim to associate
specific salaries with 1ndividuals., 'n other wor s, we can
protect that particular relation while still eallewing the user
access to both names aivd salaries in other relations, for
example, a <name, telephone> relation anrnd a <salary,account>
relation. As a second example, a user could be given access to
all sorts of relations about people for the purpose of some
demographic research, while perfectly preservine individual

anonymity by denying access to the name set or any other data

element set that would permit identifyinz the incdividuals
involved.

In recent years, a large numher of so-celled '"Manarement
Information Systems'" have been programmed, 211 presumably aimed

at meeting the manacer's need for hetter information and
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purporting to help him make better decisions. Despite all of the
effort that has gone into these systems, none of them bave been

partlcﬂla?ty successfu-l We bel!eve that the\"primary reason. for

this is that: the problem of hetamg-z:@" N ke make _better
decis!dhs7 Is much more complex than Is commonly assumed. 1t is

our hope :hat the rather elaborate - B Ag@dET software

facil!tles discussed in thtis papervra' ; ;1? ;ptaﬁidé a
framewbrkf !h which a computer mayf“ pfonde s1gnificant

intel}gﬁgdéi'éid to a decision maker,
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Figure 2 - Prototype User Station Configuration
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Personnel Record Updating Program Thursday, October 22, 1970

> B

Research Assistant

> print gn i
: *. r. - 67cioﬂlkobot' 76388  100%

78388, 80%
ToNS7 - 20%

Ready: _ : i~ R R I T R U I BIVIE A KPR

Program terminated at user request.

Figure 3 - Example of Interaction with MacAIMS

Personnel System on CTSS

10:27 Am
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Good Afternoont October 23, 1970 14:53.0

Budget Preparation Program

GROUP : prog ling gen
Group not found in the Data File. Do you wish to add it? yes

SPONSOR :

SUPERVISIOR : Evans

STARTING DATE : 7/1/67
TERMINATION DATE : 30 jun 71
TOTAL FUNDS : § 575,000
ACCOUNT NUMBER : 79457

Enter annual Budgets

YEAR AMOUNT
1969: $ 50000
1968: $ 35,000
1967: $ 25,000

Type changes Name <changes(+,-,%)
>

-

Type Period : 7/70
Data for this Period and Group does not exlist
Do you wish to add it ? yes

Category Budgeted Amount
FACULTY OFF (dir. cost) $ 1200
RESEARCH STAFF OFF (dir. cost) $ 0
SECRET. CLERICAL OFF (dir. cost) ¢ 225,00
GRAD. STUD. STAFF OFF (dir., cost) $ 992
MIT STUDENTS OFF (dir. cost) $ 0
SPACE RENTAL $ 175,45
POWER $ 25
OFFICE SUPPLIES XEROX $ 15
TELEPHONE $ 50
COMPUTER USE $ 1,350
TERMINAL EQPM $ 225.75
DATA COMM $ 54,37

——te
Do you wish to add Additional Categories ? yes
Pisplay list of Additional Categories? no

Category Budgeted Amount

>travel 175,00
>consult 500
b

Should personnel cost be adjusted for
fringe benefits and overhead ? yes
Total $ 5,794.17

Type changes Name changes(+,-,$%)
> pow +115
>trav $220
>

Figure 4 - Example of Interaction with MacAlIMS

Budgeting System on CTSS
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Do you wish to display information after changes ? yes

Category Budgeted Amount
FACULTY OFF (incl. F.B.+0.H.) 1,670.40
RESEARCH STAFF OFF (incl. F.B.+0.H.) .00
SECRET. CLERICAL OFF (incl. F.B.+0.H.) 313,20
GRAD. STUD. STAFF OFF (Incl. F.B.+0.H.) 1,240.00
MIT STUDENTS OFF (incl, F.B.+0.H.) .00
SPACE FENTAL 175.45
POWER 140.00
OFFICE SUPPL!'ES XERCX 15.00
TELEPHONE 50.0C
CCMPUTER USE 1,350.00
TERMINAL EQPM 225,75
DATA COMM 54,37
CONSULTANTS 500.G0
TRAVEL 220.00
Do you wish to add Additional Categories ?

Total $ 5,954.17

Type changes Name changes(+,-,$%)
>

Type Period : Aug 1970

Data for this Period and Group does not exist

Do you wish to copy data from previous period ? yes
Do you wish to display it ? no

Do you wish to add Additional Categories ? yes
Display list of Additional Categories? no

Category Budgeted Amount

>capital equip 115,000
>
TS0 t a1 $ 115,000.00

Type changes Name changes(+,-,$)

o

Category Budgeted Amount
FACULTY OFF (inci. F.B.+0.H.) 1,670.40
RESEARCH STAFF OFF (incl. F.B.+0.H.) .00
SECRET. CLERICAL OFF (incl. F.B.+0.H.) 313.20
GRAD. STUD. STAFF OFF (incl. F,.B.+0,H.) 1,240.00
MIT STUDENTS OFF (incl, F.B.+0.H.) .00
SPACE RENTAL 175.45
POWER 140.00
OFFICE SUPPLIES XEROX 15.00
TELEPHONE 50,00
COMPUTER USE 1,350.00
TERMINAL EQPM 225,75
DATA COMM 54,37
CAPITAL EQUIPMENT 115,000.00
Do you wish to add Additional Categories ?

Total $ 120,234,117

Figure 4 (cont'd.)
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