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ABSTRACT

Will there be a breakthrough in the field of information retrieval?

One authority in that field has said, "No." This paper adopts the

opposite viewpoint, and speculates on what the elements of such a

breakthrough might be if it were to occur.

Several breakthroughs in other fields are scrutinized in order to high-

light the factors which characterize and energize sudden expansions of

new technologies. These factors, plus some factors specific to the

field of information retrieval, are then extrapolated into a "plot for

a breakthrough."
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HOW TO PLOT A BWEAKTHROUGH

'Breakthrough" is a word with military-jourralistic origins which was apparently
first used, in a large-scale way, to pertain to the breach of the German lines
in Normandy during the summer of 1944, ad the subsequent race by Patton and
other elements of the Allied armies to Paris and points east. Since the war,
the word has been repeatedly used to refer to a phenomenon w~ich has become
especially frequent in the last two decades--the "technological breakthrough."
In analogy to the military breakthrough, there is the entrenched enemy of a
formidable technical problem, the breach made y some powerful new approach
or technique, and the exploitation spearheads, which my fan out in many
unexpected directions.

As is usually the cane with glamour-infused terms, vulgarization sets in,
so that anybody and everybody can benefit from the "psychological fall-out"
of the usage of the term. When so many people use a word like "breakthrough"
in connection with promotional efforts, the use of the word soon becomes
suspect, and those few who still eploy the word in an honest way are often
themselves forced to find still another word to describe what they are talking
about.

Nevertheless, the word "breakthrough" is just as much here to stay as is the
phenomenon to which it refers. Furtheroe, if we understand what a break-
through is, and wr and how it takes place, we are in a much better position
to use the word meaningfully and to shape research and development efforts
in ways to increase the speed of incipient breakthroughs as they are recognized.
One can go even a step further and assert that, knowing all the major character-
istics and possibilities of a given problem area, one can actually plot a
breakthrough. It is admittedly a tricky thing to do--and failure is over-
vhelmingly probable--but success is possible.

What are the defining attributes of a breakthrough? As we enumerate them
here, in each case we are going to look at some pattern of events in history
which displays the enumerated attribute along with other typical breakthrough
attributes.

The first attribute is the relative shortness of time I over which a break-
through materializes and grows to maturity. This can be illustrated by what
was perhaps the first genuine breakthrough in the history of man--the control
of fire. Man is ssd to be a tobl-making animal, but his development in the
use of tools proceeded with painful slowness over tens of thousands of years;
the use of tools by humans could be called a breakthrough only in the
perspective of geological time.

t This attribute is descriptive, whereas those to follow are contributory

I or causative.
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for electricity was latent--but perceived and understood by a large eno-agh
number that the breakthroagh was practically obliged to happen.

Te latent need constitutes only ha.f of the driving force behind a break-
through; the other half comes from the emergence of clearly sy@erlor new
methods, the third attribute of a breakthrough. Arguable superiority is not
enough; superiority must be incontrovertible. In the contest to Vhich we
have Just alluded, electric light versus gas light, the problems of con-
structing untried and unfamiliar electric power distributon networks vare so
great that such enterprises might not have been atteupted except for the fact
that, once the electric light had been shown feasible, almost anyone could
see that the use of electricity vas suerior in almost, every iz*xont respect
to the use of gas, even vhen a battery was we electric power source.

in modern times one of the best illustrations of this principle is found In
the transistor. !n th ever-shorter time spanas in which brmkthro are
taking place, we find less than a decade bi.s elapsed between the first public
ar.nouncement of the transistor's invention and the large-scale mnmfwa ve of
transistorized cocquters and other devices; ard today, after only fifteen
years, transistors are the basis of a billion-dollar indnstry.

In part this rapid progress was energized by the requirement for nd-latuIza-
tion and low power in airborne and satellite coMpeers. But the txanssiacw,
quite apart from the special needs of modern vempons systems, has such general
=eriority over vacuum tubes that a breakthcugh could have been weete& in
azy event, once the characteristics of 'te transistor vere -a known to the
technological cacmmity.

The vacuum tube is fragile, cumbersome, and wasteful of power; its fragileress
leads to unreliability and to sensitivity to shock and vibration; its cumber
somness requires colex instrunts such as co uters to be bully ard srmd
out over entire floors, like the stacks in a public library; its high conws-
tion of power leads not only to unnecessary operating expense, but also creates
added engineering proble connected vith beat removal, especially when much
electronic equipment is required to be in a confined space, as in an aircraft
or aboard ship. But the transistor has none of these disadvantages.

The transistor, then, is one of the more remarkable exaples of across-the-
board superiority of a new technique over an old one that makes a breakthrough
"in the cards." How many other exa-les are found, in history, of rapid
technological expansion following widespread realization of superiority of
method? It would be difficult to cite them all. There are irrigation (3000 B.C.),
movable type (1450 A.D.), steam power (1770), railroads (1304), telephory (1376),
radioactive tracers (1934), aplification by stimulated emission (masers, lasers,
1951). These are only a few of the mare spectacular exanples.

!
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A fourth attribute of a breakthrough is adeqacy of availabl* sportimg
tecbno . Perhaps there was a need for auftomatic zcmqntatiornal =chimeZy
in 1623; persps Babbage"s method of mechanical compctatio-n as clearly
superior to anything in sight; unfortunately, the suotimg teetology
reutired for the f easibility of Dabbege's system did mot yet exist.

There are other less .- amatic examles of situatioms vhere the meed and the
smperlor method were both available, but vbere the actual bx kthro as
postponed until the rsequired sporting t emc:or vas develqpe&. M
Lee Ae Forest invented the three-elememt vac-n tube Vbhkh - madio zec'tic
feasible in 1906, radio broadcasting did mot coe to pss tIl 1921; mm-
facturing methods were just not good emougb prior to that time to assue
reascmable reliability of perfornance im an electroc i even as zlmele
as a radio.

The impartLie of "'adequacy of aailable smportIng tecbwlg " Is mat to be
un erestiled merely because it is g.vm here as the fth attr bte, rat
thn a.s one of the first three. Tex"e wme beem -VI vben eita the meatT
of the need or the simriority of method vas- mot yet zle e to be sex=
by those who needed most to see It, but bere sWortim tecboD
with a handful of jugzative entxeprenews tuned the tide tmw amkhm-t

Whem intercontinental rocketry beg Im te oin he 1950"s, tbe amcen both im
the Ul. S. and Rusia VMS an l.iquid-2tled Swytems; SOUA-Itbele xztkefts
thob oCf as m&thIng m~tbn g1crIfied artifl27 sbells. The W.l S.., bovre,
bad the good fotn to bve a bl#L17 develped cr.nfr puaye mmncW
which Included symtItic rnaer and plastics. S f the g P04onr
industries saw that there vas a future for them in soId e and bie ,

.er less an their orn, to plot what would eventm&ily become a breektbrO

The muLjor problem was to influence the pecple Vho% the pur String IM
the Defense Deartent to finance the more eensive lases of tdevel t ef
large solid-fueled boosters, lnd it us at this point that the "'cimr -1
of method" sl~rly began to assert itself. Even here prqgress ws difficult,
because those factions with vested interests in 11zli - e ste
development were most persuasive in their arg~ents to the effect tbat soId
fuels were inherently inferior. One problem was the seemingly inadequate
thrust of solid fuels. Another was the problem -of cutoff control; ztA*pIng
a solid-fueled rocket when the prcper velocity was achieved seemed about as
difficult as stopping an erupting volcano.

As we now know, problems of the above sort were not insoluble, but required
only a resonably steadfast application of engineering know-how and ingenuity.
In Russia, with its somevhat underdeveloped petrochemical industry and its
trailing position in the development of compact nuclear warheads, the case
for solid-fueled intercontinental missiles was never strong enough--duting
the 1950's--to Justify the developmental investment.



91 TDezibe-, 1963

le mg flzea It's Zadze ~ObZae lzm -pa "What - M s s

Zzealt 'COtrst tc th2e slcmesz 'O t :L=S- :M, ght ,)-,T- t-

As Tmeparati'on *' T Z:' cs'sa: "Sow toc 17zt s wez-tj~ tale
attrhats sc-' fzLszasea. t tae eal :Mtt -be t 1e it

1of ;msat~ jaizennea Mz- - I Qt -1uz It,
aesoribes vhat _Uzpgah -*- I- Lag tDz S --~= 'M ZE

421an 1Lif -a aozea ?eZ-se, j= 'a (ftime 7g2 - qu -I-be --3t IMZPE-
-VjLty IZ5=S tezrnJl:giE7 'jaW z~s an i

eaupe D a 4i-t~ thbe Sense thatm" tl=AE~ ta Mftz)
mmnogy~ vwre ='iaztz =n 1942, 3ez Wieze =etyze . a=-mv
tbe ztvte cf 71m tiicatton. -te ff-I~~bg-=a
taz~~ sbou-l ta -ro 2zze tIMM ftze --eas

2Dn latento ee Th f~t w~s sez -bea , 1rz i ~ i

is a- zL-enqu t t mL ev" bea fadazbit :I e-ayIM:7-aueb

dze -= b=tv~ to Mgs- Zar - _

;C= ET±R the -iest =a t±T'n Wb tam

taatt'eMed oe xit a =SMU~f~ -e met t2beta SL me wi~~zy a-e

tni ew a e =dct ~brto~ trvlT and. M71na T ths mew teazXT UMMqp
zeq eo~ -ntl- eT las's =f lm~r -e'e~~be M isrt noTM aso a

cxwst = Md e-e-nnaly t thaet Mceot 7c1 tnm noa ~ s

3. Ch--eay Supecooten tof anes m=ei zts f ~t~au
ms erilr ;Ye.iln t zxoter 'SIo -it i=t M-cther w- a a cas Vf ~ luk 2at=
mi-thes canes b .~ste soBbt zna feort t.:.- 'it te ftmoe: *= tbesR=

'he nev-- dzeae -"bat he vot -d 'be cmp- c- the fi1 4- -w tro stant, !-m+bem=

the nrory-.



2L2 4ase~zi zifa 7=t

xrz--i f= sp=m~-Mbm e -~ - =- -5Z7

se~! f = slgm-f* !tm a~- f= CU

as~

zfff

3Mtl3aM Zft!3=U SMX

==ms ts mm-7y aggltgtt imt

mIem tmvgel z~tacwt wfT ueztiw

alzmtfM~mm;7ya~m t asmr7:neeapet 5 AV ==aIe Copy



a- = -z-t-:L rze

=MM --,a-

=-a= 2t 7:Z.= ZMZ Z-- -z

S --f-a ZS-S -a

a- athese :' s c __

adi'ta Se -w~. Zf__ m

7Ir_- --cr -:- 1 e---S-Ta

=L~~~cp--~- ae-r-e7m--Iy C ~

-17- : S -J-- f- - - -

as S=S --- =110CT-4S

Best Available Cor'



1-- aakt br a ametetn~bm mzIi m

,'E ZE-- ~a t-'s Wa qzthat --k B moms m m t

gmstm-tf jmb-= b : Ef Q- M ms ~m 1 t
cz t~q -etS is

mew Mal azf Dm:4-!S am be at e imrbi

to~ f cmsws tmm t

:om asr a-1 efftrmm f-Cf = Wt berm mm (c Is
tjm £bm- ff ALten9=atasmmb a au
tft~ wete Prk 11=Luam SMe t ue Mau to beSs&4 i

te' __dbef' W-5 =Oea .t s f, eit ILo Stac CC 2V t sf

Z~=ss.(r t *mae o-t~eA' jdec 2ae I= esaraeI
t=efAta L1SayAmua.It aa lcat acce s ar =0 mdeI1-

=V nte I&SMi~ ~itv an mat7 lav to make a =ffa

cf~ t2. 6tem fmri~. -f'V~ cc te ito remx c~fflces d~

me=-f5 feet&zi W~e s o &s ets, eltb tof to cem~ll, Ito o a

= t x_~ m drz th aretrkin dA s= f.erveree top~t~~2t vetmeen fy o

;:Isimd-az rodtbrbodI=sembcf!=acaBem st availabfele Copy-



gmtif s xwngl faea mI to) 'ti flE r,4W-

eM~t mzrmML2&- Mmtmag' -tuua MW Mma Affi =

lt L teti _ _~e 'Z ~mmreizaf3 fhc ~n1 OI mmm tt

1 -1 e ~em'tth mmtli~ii astb

rt-kp-n-fz fa)) FEa awm a bj maj,= 'b

'jj tt"t pa tsa ~ -a- af h Itot f"zr f b

_*'nk-; af WU&ttoe M n o&

fzqmywt wh~z trseiw af w= crm rtac em ' 10tM =1 fS

ft B7t5L' U9=1c LS tt rat t&E f, =' amV3ir 6ases maa of m
Ies; bew . acfe tfa ffgA Ueuld j s~ 1mtf=rz mmtto be

peftlmmt tor &as % -k MvT maies m it.awst& aeus~e=dDVd~

wef~ Vd adit ever as ar~± =N) g a pr~m In t patt laga t&=of

Me it~ tepf z -*-& £ l& lf=wa Srmkbrmla mthe 'We thi e Jerate
OM ccata e =dm ~e aw p1IBe ersms, vc kcoatSIS o larsfl ffaw-

t~cY Z= e t==*z cq8Vt~gy to 1'r =e'r A: e MMUL ==ve1, b~~e%"= ~ierrty m

f ~ ~ ~ ~ Bs Availabl Copydte rtu m=



fla eceber 1961 la -*91

mat be soclear as- It .t bATe fa a. use= of the fiished -Iraduct. Becie
tbim peaple bare greater respaaaih±IiF, tbra sam hae greater cautla.
lftew= they waald be =ntzairy- ta evaluate the nt azcordlng ta imtel-
Tect= =titeriaL rather than accr±ng to pesonal. e~erlewe in usage.
P.-th-- -,= am undevelaped. f IA is never as attzatlve ws a. finished. pradut,
Sal Oawr is egecitll suspazt, b~e claims his Ide& is " mlearly siperiar-

T"i fis a ftt vtfb.J buns to te -rrft-dff d th- iieas whlch later P~awe to be
detve too oftem. ne unreco=ised. =Wj= aposed. I= their tnfhnzy. But one

t~f trnt be recf.Zlt M:= aa verF fIrst, setence abot latent =m- i tbwt
suh mmd is; acomite& Try a receptiLve cIImwte- where unnuail1 welcome is
extene to new ides--the dt~ut is t , In modern, tLe especially,
the h aptalfta of this clite is abx-m by a stataon wt nx'
wfxckL we mat so Swd; I= other wads, the cliaite c= be so recegattwe that
bad f~a -- e freenty purchasd caung r epytita to; bece we~tei

'r ywthE seiismi amd cxf

ciregttvity, have=, is stil.1 exat am& If we cam loate its surviving
fOL-L we zob-~fIlITe the P47Cbol9IS lCOPta, and CeatUIRt the b=2gt=7
ca;;EtaL necessary to gtwe the besoU F fi e h mcat receptive
pcabl~e ally is -n who aeffF ha a techo1ivg packaged up and for sale.
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saggstsItself is: we should s~ro=I the user witb highly e"rganized. and
coademsed sizations of the literature, They must be bimdy ewoug,
Palatable enough, and rewrdmg enoug that the user will consult then freqient~y,
becazoe time mare frequ~ently he coasults then the better his "mntal Index"
wll beroin, thim in tur low'ering his inhibition in consulting his war's
length store" and increasing his effectiveness as a retriever. Bandy enough,
Palatable enourgh, and rewarding enough-we take up each of these requireinnts
in turn, in the hope of establishing the specifications for the clearly superior
retriewa instrwont.

Handy Enough. Part of the handiness is, as we've realized, arm's length
Proximity. Books, pamphlets, cc file cards are handy. Microfilms, anid other
such ultra-condensed representations, aillow us to place more bits of inform-
tion within arm's reach of the user, buit at a double cost: 1) some increase
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in use inhibiticn, and 2) Tmch less feasibility of "Mental indexing,"
requir-ing recourse to an external indexing scheme with all its time-consuming
fetters. Microfilm, of course, could serve as a somewhat larger and less
accessible office storage, and if a correspondence were to exist between
book or file-card (macro) storage elements and the more capacious elemets of
the microfilm, then the " etal index" giving access to the macro-storage will
also serve in part as an index to the microfilm store. This is Optional, how-
ever, and it appears a reasonable stance t-at the "='s length store" should
be composed of macro-elements.

Palatable Enough. The elements of the user's arm's length store should be
easy to interpret, and preferably even fun to interpret. A large part of
our success in having any retrieval system work is in persuading people to
use it frequently and voluntarily. If there is joy in using a system, then
little persuasloa is necessary. It is a sad fact both for traditional reference
system (bibliographies, abstract J(unals, indexes) and for ccputer-generated
products (auto-abstracts, permuted title indexes) that their use is a dismal
way to spend me's time. In a pre-couter society this might v been
inherently uavoidable. We must now ask: can computers help us to generate
reference systems which are a pleasure to use?

Rewarding Enough. Many otherwise uncriticized retrieval schms hawe often
fallen flat because a user bad great difficulty in obtaining the ocmnts
to vhich the system referred him. Generally speaking, in any system we wat
expect the document to be less accessible than its condensed repe enttion.

ovever small the access time and the inhibition in the user's reference to
his or' s length store, the purpose of the vhole idea is defeated if each
search trail leads simply to a reference to a document. This is not so merely
because the document might take an hour or a day to deliver, but even ae
importantly because the user my not want to read a vhole document in eah
case. In short, our arm's length retrieval system must provide inforaution
rewards of a brief and crisp character, so that the user is given sme infor-
mation whether or not he orders the document. Thus, even if the user never
orders a document, he will still derive enough value from his arm's length
system to motivate him to use it frequently.

The formulation which now suggests itself is to have computers generate, from
the full texts of documents, condensed representations which can be combined
in an organized way and issued as books, pamphlets, or card sets available
on request (or through selective dissemination) to users for use at their
desks.

There are many aspects of such a system which we do not have space here to
discuss. For example, there is purging and updating to be considered; we
have room only to opine that the user should be given the option as to
whether these functions are under his personal control (requiring added effort
on his part) or under some form of automatic or institutional control.

Best Available Copy
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The ocly aspects of the "arm's length system" which we want to discuss at
length in this article are those germane to our attempt to consciously plot
a breakthrough. We have just decided what the focus of the breakthrough is
to be: a highly organized, easily accessible, information-rich auxiliary
storage within arm's reach of the information user at his desk. The next
questions are "What will the elements (books, pamphlets, card sets, etc.) of
this store contain, and how will they be produced?"

What we first must think about is organization. The arm's length system has
two basic levels of organization, gross organization (arrangement of the
elements) and detailed organization (arrangement of sub-elements within each
element). On the gross organization level, we have appreciated that the
desired low inhibition in use cf the system can best be realized if the user
is allowed to arrange them willy-nilly and to rely on his own familiarity with
where things are in his office environment. If the user is a compulsive type
who likes to carefully and deliberately organize and index his environment,
this should be his prerogative. Our system, if it is to be truly popular,
mint accommodate a variety of temperaments.

We assume that most users, comulsive or otherwise, will unavoidably rely
heavily on their "mental index" of their auxiliary store; this leads to the
requirement that there must not be too may elements in the store; it argues
that books are preferable to pamphlets, which in turn are preferable to cards.
On the other band, books are bulky, relatively expensive, and not amenable
to updating and selective purging. A tentative "optimm" might be packets of
pamphlets, where pamphlets can be grouped according to the user's own conception
of how the universe should be organized. The pbsical means of grouping could
be bo files, binders, vertical partitions, or whatever means might appeal to
f user.

As we go from the gross organization level to the level of detailed organiza-
tion, we also travel from a realm where it is easy for the user to arrange
things to suit himself to a realm where there are far too many units to be
arranged by the user. As we go from the large to the small, the "mental index"
principle becomes less and less effective, and the willingness of the user to
organize things declines rapidly. And yet at the detailed level organization
is of critical importance.

How are we to achieve organization at this level? At this point we have
recourse to one of the most mighty of our available new technologies: the
software technology known as "digital computer programming." By a variety
of ways we can feed the text of entire articles into computer storage and,
by programmed means, perform a practically infinite variety of operations
on the stored text.

One of the operations we can perform is to group documents according to
similarity of word content, which approximates to a reasonable degree grouping

Best Available Copy
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by topical similarity. There are working programs now available which can
do this, although the art of "automatic grouping" is just beginning and
cannot be called an "available technology" in itself. Nevertheless, it is
becoming apparent that pushing this art is an important component of the
breakthrough we are plotting. It is not, however, an indispensible compoLent;
there are grounds for believing that if the software available for "automatic
grouping" remins in its present primitive state it could still serve as a
factor in the breakthrough.

We need not be unduly disturbed if similarity of word content is not in
precise correspondence with topical similarity. For one thing, "topical
similarity" is hard to judge when we deal with articles in the same field.
There are too many arbitrary subjective criteria by which one might decide
that article A is more similar to article C than it is to article B or
vice versa. For this reason, matching of choices of words by the authors
of the articles is as good a basis as any for determining degree of similarity.
Furthermore, this method of determining similarity has the indisputable
advantage of lending itself to automaticity.

Now, numerous researchers in the field of information retrieval have studied
document grouping according to similarity of word content, but no breakthroughs
have occurred in consequence. Why not? Conscientious as the studies might
have been, the importance of representing the groupings in a way that is
visible to and interpretable by the information searcher has not been seen.
All systems advocated on the basis of these studies have had high inhibition
factors. When we see that our approach to retrieval must involve low inhibition
coupled with enhanced motivation, we are on the road to a "clearly superior
method."

Our first tentative decision was to provide the information user with
packets of pamphlets for the user to arrange as he sees fit. Our second
tentative decision is that the organization of the material in the pamphlets
should in some way be based on word-content similarity as determined by
appropriate computer programs. What this means in particular is that all
of the documents represented on, say, page 108 of a given pamphlet should
bear a closer resemblance in word content to each other than they do to docu-
ments represented on other pages. (Such a state, by the way, does not have
to be literally achievable; similarity relations do not necessarily structure
themselves in such an obliging way. All that matters is that it be "approxi-
mately achievable. ")

We are now ready for a more detailed description of a typical pamphlet:
what all is in it and what does it look like? Like any reasonable pamphlet,
this one will have a "table of cortents" at the beginning; the table will
be in large part computer-generated; but it will also be heavily edited.
Without the latter operation, the breakthrough cannot get off the ground,
in this decade at least. We must not forget that "palatability" is an

-3 c7X st
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important factor in enhancing the motivation of the user to frequently
consult his auxiliary storage. Unedited computer output is likely to be
unpalatable for a long time to come.

After the table of contents we come to the basic material of the pamphlet.
Each page will have a dozen or so representations of topically close docu-
ments. What will they be like? Will it look like an abstract Journal?
If it is literally like an abstract Journal, we can bet that the break-
through will not go; I know professional people who have in their office
cartons full of abstract journals which they never look at.

Part of the trouble is the "underorganization" of these journalsj but also
it is, I think, that there is something repulsive about a page full of
abstracts. We must construct a page which will draw the user in. In the
center of the page (or at the top) will be a large word or termp, in bold-
face type J.inch high. It will be a word or term suggestive of what the
documents represented on that page have in common; it will very likely be
a content word (or term) which all of the documents have in common as a

key word, i.e., a word of high frequency. Radiating outward from the
centrally placed word) thin lines will lead to words In smaller type which
reflect what certain sub-groups of the documents have in common. Fnally,
for each document will be shown a single sentence--a conclusion, fact, or
opinion.

Would this sentence be picked out of the document automatically? Largely
yes. The actual process would probably be something like this:

1) A computer program selects six or eight sentences from document
text, based primarily on richness of word content. Ways of doing
this have already been worked out (2,3).

2) An editor selects one of these and rewrites it so that it can stand
by itself, without requiring the context of the document for its
easy interpretation. In an advanced index-generating pystem this
could be accomplished at a display scope with a light pencil.

3) The sentence, once designated by the editor, is assigned by the
computer program to that page of the index which contains its
closest topical neighbors.

There are, to be sure, dubious aspects of this scheme. The authors of the
documents may be upset at the thought of having a single sentence of theirs,
out of context, displayed to thousands of information users of whom only 1%
might ever order the entire document. I am sure, however, that these same
authors would feel no pain upon reading similar sentences drawn from the
text of other authors. If there is uncertainty about the truth or signifi-
cance of the sentence, one can always order the article. The fact ib, in
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most cases it will not matter. The world is already constructed in such a
way that the user's picture of 99%,of the documents to which he is exposed
is fragmentary indeed. Furthermore, as a system like that just described
undergoes evolution, the authors may themselves be allowed to designate
or specially compose the sentences which will represent their articles.
Another dubious aspect of this scheme is that it sounds like a tremendous
amount of human labor would have to be put into the index-generating process
if an editing operation is required for every entry in the pamphlet. On
the other hand, the editor pictured in our scheme has to do far less work per
document than a convent.onaLl abstract writer would have to do. If, through
computer use, we make a 90% saving in editorial effort, it is almost as
large as the 100% saving we would make under complete automation of index
generation. The question we have to ask is: what does the residual 10%
of editing effort accomplish?

In this case it accomplishes a great deal, because without It we would
not have a breakthrough. The requirement for "palatability," as we have
already noted, is crucial enough to justify a considerable investment in
editing. The investment in editing is acutally but a small added cost
which we regard as an insurance premium--that the millions of computer
program operations required to analyze compare, group, organize, and
condense documents will not have been expended in vain.

What else is in the pamphlet2 In addition to the "palatable" portion of the
pamphlet, to which the user will refer most often, there will be a "business"
portion, which need not be palatable and can be automatically generated
without a requirement for editing. The "business" portion will contain two
sections. One will be a standard bibliography containing all of the infow-
mation the user would need in order to find the document itself. The other
section would list pamphlets containing more detail per article, in case
the user elects to have a more detailed index of an area of special interest
to him. Finally, there is an index, generated automatically with perhps ame
editing, which will provide alphabetical entry to the pamphlet, thereby
supplementing entry on the basis of topical similarity.

Now we take a second look at the "arm's length system," in quantitative
and qualitative terms. Quantitatively, we see perhaps 200 pamphlets within
easy reach of a user, each of which contains references to perhaps a thousand
documents: 200,000 "palatable" references in a highly organized state.
Such a system could well accommodate references to all of the articles
in one's own profession for the past decade, plus a good number of references
in related fields cf the user's choice.

qualitatively, what do we have? What it amounts to is a highly structured
collection of proverbs. Each such proverb (which need not necessarily be
factual) is the crisp "information reward" which we decided earlier would
be required to enhance user motivation. There is then not only low inhibitionI
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in using the file, but also a rather strong temptation tc browse. MWny amusing
surprises would lurk in the file, such as "The Zwirtz Process requires phospate
rock feed with low silica contamination" next to "The advantage of the Zwirtz
Process is its tendency to precipitate and discard silica Iz~urlties. " Or
we might see, "It is unthinkable that we can have automatic indexLng without
first developing machine searching" adjacent to 'Trom a research viewpoint,
a study of automatic indexing is an essential prelude to the solution of the
machine searching problem."

To reiterate: when searching the literature becomes convenient and enter-
taining, people will search the literature. Indeed., five years from now It
could be commonplace to hear s94ervisors saying, "Jones, will you please
stop searching the literature and do some work."

The question we finally ask is: Who will provide the money anO the men-hours
to start this breakthrough an its way? Who is the benefactor with the
"teehnology for sale" who wLll support a '"clearly u1perior dse? It s
highly likely that such a party wil be found within the publishimg ft&AtV.
The. motivation of this party would be yre and saile: Is this "'learly
superior idea" a good way for me to nake mmey?

The possibilities for market expansion are large. Conidgr the foliwving
quotation of John Markus (4) of the M2rw- Hill Book, Co .,

"...Money is at the root of most in xe-publishing problems. iUdLYLA-1
rarely buy published indexes, partly because of their high and cm-
tinuing cost and partly because they usually have to go to a libw7
anyway to get the documents cited in an. index. The market for inde
volumes is thus small, because it consists largely of libraries..."

When we talk about hundreds of pazqhlets lining the offices of tens of
thousands of professional workers, we are talking about a huge market hwich
does not now exist. The major question of interest to the publiser is:
What will it cost to produce these indexes and will people buy them?
Questions such as "Is similarity of word content a sound basis n which to
organize references?" would tend to be of little interest to the publisher;
it would be of much more interest to him that automatic organization O
kind is feasible, and here again the question would be "How much will it

Many publishers will find themselves already having, as part of their
normal operation, most of the text they publish in digitalized form. This
puts them in an excellent position to develop a pilot-plant operation
among their own clientele. Ecpenses for conuer time, which in the scheme
we describe are still quite large, might be. willingly borne--as part of a
development effort--if cost projections for future computer expense rates
decline steeply enough. And this is not the only possible source of cost
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lowering. Another very substantial decline could come from finding przgrsmed
methods vastly more efficient than any we now visualize.; but ,one couldm"t
hope to realize such gains 'without being 'willing to una)ertake :a develcpment
effort.

A publisher, lasthermore, would tend to be a=mimterested im such questions
as: "Is machine searching of text superlor to machine indexinZ'"' If be can
sell pamphlets to someone -ho works tvwemty fet from the tuput end of a
literature-searching couputer, that's Zgood enough for lh Be would mot be
interested in the outcome of rigorous evaluation expeziments 'which Zetezmlne
whether Index A is better or vworse than Index 3. ut .f Inrax 5 sells faster
than Index A, he is then very much ccvinced 'that Index M Is 'betr. Mhe
publisher is not alarmed -en be reads that the number of literatme p@roduc.g-
and-consumlg scientists is increasimg expaentiall:-. Indeed, be s (quite
pleased, because it implies for tim an exponential increase im basimess -volume.

The publisher would not take part imn eanest debates albout Whetber (or mot
we should have moth centralized imfo=maticm centers, as tbe iRzssias bav..
Be would instead take comfort in the realizaton that his custzmers vould
be on the average several humdred miles from my such zonceiwable In maon
center. lben an infonmation ,enter is finally opened, it Zould o mean
to the publisher a more comp=r1Nsi-ve suply of raw material from -hinh
to generate pamphlets.

If publishers do indeed decide at -thi time that there as am "informatM
retrieval market,"' from vhIdh money Is to be made, there are sa -!e sdSmg
evolutionary possibilities. 'De sudh possibility, for mample, is t a th
balance between man and machine in the productlon of indexes may shift back
toward the man, rather than toward the machine. In 'a doctrinaire climate
where people are satisfied with nothing less than "'fully automatic high-
quality" processing of language, such a trend could not occur. Bat it
could occur if a publisher found that increased application of editorial
skill resulted in increased sales.

7be question of "'How to Plot a Breakthrough" cannot be answered in the text
of this paper. It is much 'easier to write about plotting a breakthrough
than it is to plot one and have it thereupon take place. In one sense it
is about as foolish as writing about "How to Make a Ydllion Mollars" -i7thout
having first made it. Indeed, even one who :actually makes a million 'dollars
is not necessarily able to give the public the straight goods on how to
make a million. If such a millionaire were in full possession of the truth
about human nature, and were honest in revealing his knowledge, he might
say: "Don't even try to make a million. There are only a few people who
can do .t, starting from scratch, and 1m one of them."

Therefore, even if i had already suc, essfully plotted a breakthrough I would
not be by that token in a position to advise others on the matter. On the
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