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AFSTHRACT

Tais papsr stulies tae procecss of writing {not translating) an
srticlo in ¢ Poreign lasguage ovoing o szeresn text editor in 2 manner
analogous be Uzpnier's proqranmcing nethodolory. Suech & conputer-aided
approach oan prouote the epcativily reguired for writing.

The author's wltizate -eal iz to develop zn ecreative prosrooning
auppert environcent &g an intellient cfficc sutemation systenm using o
connuier aotword, [Puture nrosreascine, eopocially bascd on logic
prosrameins, will inerossiogly cone to rezonble writics, Theorofore, a
study of the wrilia, precoess, egpeclally in a foredpgn lanpuage, nay
beld clucs {for rescorck inte fubture progrssiing procosses and
propreamingg savircsnsents, whieh will supersede the conventional
software-life-ovele spprocceh in seftuare eapinesring.




1. Introduction

15 it possible thal conmputers and conputer networks will contribute
Lo human creative zetivity and intellectusl work, suek as prograuning?

Varicus intelligent coi'fice automation systems, ineluding
progreoaing support systems, heve been proposed, They, however, are
giued only at reducing the user's burden by undertaking rovtine work
or miscellanecus details, rother than at providing essential creative
suppert for human intellectual work or at promoting creativily and
inagination., The Japan's Fifth Gernerstion Computer Systems project is
alzo oonducting reseaarch into intellipent programming support systens
a5 an application of knowledpe information procossineg systems (KIES)
[Yok1]. As Sugitz mentions [Sugll], research intc information
processing, espeecially in 21, has been aimed 2t the replacement hy
auvtoualion of human intellipgent funections, rather than at the
promotion of hwcan creative activities, As he also mentions, the EIPS
of the Fifth Generstion Conputer Systems projoct would rather focus on
developing coupulers as tools to zid in thinking or in the setting
forth of hypothescs, and such couputerized tools will replace old
Gies, Such 85 paper, sclsscors, paste and fountain-peon.

Sooe cases of maplilying human izagination are known: e.g., the
ilscovery of the universzl gravitation through sceing an apple drop
of f & btree, and the deep comprehension of the parclleliss of data-f1ow
nechanizz through playing "PACHINKO® game. ("PACHINFOM is the most
popular gaue auon; adults in Japan, It iz similar to pinball game, but
allows to put az many balls as pessible into play =l the 3azme time.)
Forty years apo, VYertheimer described znd anzlyzed some prootsscs of
productive thinking or discoveries [Ver1]l. The following erauples are
sinilar cases in whiek computer-aids anplify human crectivity and
inapination,

.Solving solid-geonetry problemws by using computer graphios

SSetting forth hypotheses by using computer simulations

.Develeping softwarc by rapid protoiyping

«Learning actively and voluntarily by playing the LOCO turtle [Papi]

The author's uvltimate goal is to develeop a troly intellizent office
futconatleon oysten using computor nciwork aysicos, especially as
related Lo crective progrecuing support emviresrents [Tazz, Tas3l.
Thare ore o nusboer of fil-strucsturoed probiens for which the
conventionel programing process in software engineering, based on the
saftyarse lile-cycle consept, is inadequate, and so "many of the
methocologics and toele developod In software engineering are of
little uze [Figl1]."™ Scott and Scherlic alsc cladinm tkat it ia
acoaszary Lo develop 2 sound wnderstanding of the progrouning procsss
ent Lo diseover the principles thet can be esbodied in the future

prograuaing tools [Bah1].

This paper studics aa cuperiaeantal experience of writing (not
translating) an article in a foreign language usiug & sereen text
editur, and the elffect of couputer aids on the writing process as a
erentive colivity., Ac Flscher seys [Fis1], the desipn of complex
seftware has mueh in voinon with otier creative activities (like
driting and so om). lorcover, futurc propraquing, cspecially based on
logic profricing, will fnerecsingly cooc to resenble writing.
Thwralore, a Jurdesental stoedy of the writing process, sspeeially in a
Soreipon lEnouase, ooy 2lse hold elues For the dircetion of fubure
reserrel inte lis ezsenbiul nature of progrenuing processos and into
presriigiing cupport cavdrconcenbs, which will superoede the
cenvenitionsl sof'tware life-cyele approach.




2. Taiuking while Uriting

Papcpthotieally, "WR, Vulf zsys [Wul1], "A progreucin) languepe

hiaz at least three Jozla,

« It in 2 deszi;r tool.
. Tt iz o vehdiele [or huwan gornunication,
. It is = vazhicle for inatrueting o eocwputer.™ This means that

srosreiiiss (nobt eoding) inwolves robt only instruveting @ conputer but
ziso erexbive thintdngz,  Vreitiso swo articlc is, in dtzelf, @ erective
cotivity =s well. Mredting iz not enly o vehiele for comunicating
opets Shousit bot alse 2 mezas of devcleping Lt by using various
Lnouledse bascs, oSuen @ dictiuncries, cneyelopediss, beols, research
papers aond the findiscs of lovestizationz and erperinents.

Ceriain Japanese pescarchers, capeciaily in social seispess, use

wubhods, called "Cord gyoten of Fyobte University™ or WIOZAIDM, for

ececrching and conposin, artieles, {I0ZAVY oripginally woons a little
piees of iren in Japsaess. & Japanest ancient aruor sult was cade of 2
lot of LUSENEz, so it woo strorg and Plexible.} In hoth of thess
waiods, basiezlly, rescorchars coupousc their ortieclec snd set forth
thelp hrpothoses by synthesizing Flashed ideos opd individesl dsta
pritven Cowin oa LOLAILs or Cards. It ghoulc B remciberco tiat
dotimenldite save in evplalndng bis UJ nethod, "Let date tall.™ (I
neihed Iz agaclain lile broin-storcing.); Data stirulabes bie

S'elluiVigy EllC i..!&.u... o LU,
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o1 Nritiss in oa Foroipe Lanruose

<~ danswase oiber thzn one's notive languese is ez constrsining and
iscanronient as 2 progreeaing languape. A8 oo latter resulaces the
structure and algjorithn of progrens, the forior refelstes one's
thousat with ltc charscieristie lupic. For exanple, Japanose {(the
suthor's sstive lansuage) and Dnglish eseh have tneir own
caarscberdotie lopices, Tor instahce, Englisk is a pesitional lanpusge,
i,c., the pogitiosnes of conienccs and porogroipis, in thenselves, convey
particular coaninca. fn Tieplish article iz constructed primarily By
building; parazraphs. On tho contrary, a Japanese orticle is couposed
by Lyipx individuzl septences topelher with peaningful conjunctions,
Thorelore, tools apd Lechnigues belpful fte the process of writing in a
Terelign languae may also be so te the progranuing process.

Fis.1 shiows verious pruccsses for paling {(writing or translating) a
paper in a3 foreipn lanpuspe. In process {g2), the nethod pentioned
ubove, using KOLAID or card, is adopted, bui, here, coaputer gid is
sob well ubtilized in the thiniing phase. lloreover, the translation of
2n article completely organized in tho logic of cne's native language
Lo apother lansuspe (beving ¢ different charecteristic logie) sccns to
b quitc difficult. The guthor knows freo expericnes that it is puchk
vasier to tronslote dynawiecally one language inte another, as shown in
Fiz.1 {b). Process (b), in which there io feed-back between thinking
and wrlting, takes adventage of the interzelive conputerized tool to
zid not only in composing o paper but also in the tainking process
ilzelf. Tt zhould be noted thet, in this achewe, the writing ol a
paper in a foreign lasguape is divided inte two subworks (the
translation of moporands and the erection of the framevwork of the
antire papsr). In this, such & scheme bears some resecblance to
tHarnier's progreuning nethodology, @3 wnenticoned below.

3.7 Prosramning Processes and Seftware Donglncoring

fiL.2 shown several propremming, progesses to contrast with wedting



processes in Pig.1. Proecess (b)) is advantageous to prograamning as a
arcative zetivily for the sazue reasons mentioned with respect to
writing proececss (k). Fischer alse says [Fis1)], "By improving the
spceificetions of = problen the designer pet:z: new ideas about how to
solve nis problen. 2 documentation of & program that is usable during
the design proccas can therefore be g driving forec for the synthesis
of new idess and iuplenentetions. " Proccss {ad) is nearest to the
conventlonal sortware enpineering zpproach, besed an the life-oyele
suncopt; process (a), as mentioned with respeet to writing proces
{a), 2lzo makes no use of conputer @ids in the creative phase.
Softvare enzlneerins in the 1970's enphasized the vanagement aspects
of' noltyare develepnent, such as prograp=version control or production
conbrol based on the software lifc eycele conecept, as Zave zays [Zavi],
"lhie conventional approach is well-suited to mancgerial and
orpanizationzl needs.™ Censequsnily, however, it wazs not very
flexible, lloreover, there ore o nuober of ill-structured problems
{vapue even to the client or the progrenner ot the bepinning) for
whieh the lilfe-oyele approzch iz inadequate. Thercofors, process (e},
¢alled cperstioral approcch or repid-prototyping in an executable
spreification languape, d4s boing experimentally adopted for such
problens. Zave refers to the differerce between the conventional
software-life-cycle approachk, pervesive in the fleld of software
engineering, and the new operational approzch [Zavi].

3.3 Varnier's Progreaning lethodolosy

Procesz (b}, shown in Fig.2, is considered to represant Yarnpier's
rogracning methedelesy [Var1]. MHapping™ is one of the centrzl
coneepts of Varnier's programming metheodeolepy: a progran is completed
by napping individual imstructions (cperations/sentences/commands)
gitte 2 flobal frawe of the progran, Oy dividing progremming into two
cubworks, the desipgn of a progran frausework (control struocture) and
the selection of actucl instructions, programuing beconses pore
Lregiable.  Various hurman activities, such as planndng and designing,
are olso perferued in a similar way. Fig.3 shows, for exanple, a
typiezl proccss of travel planning that bears some relationship to
Harpier's progronuing methodolegy. The travel planning consists of
pickinz up spote Lo visit during the travel and schecduling them taking
inte ascoount peographic conditions.

It is interesting to notice that Warnier's basic idea bears sooe
resenblance to the concept of "separstion of logic and control® for
logie progrenning [Kow2]. Logic prograuming will become more important
as future programwing. Ry the way, the conceptual idee of Dijkstra's
structured programming® sight be s2id to bear some releationship to
the declarcztive and procedural seuanties of a logic program. Dijkstra
says [Dij1], ™/hat ezrn we do te shorten the concepiual gap between the
static prograi text and the corresponding {(dynamie) conmputations?® and
"I have streszed the need for systenatic sequencing szo that the
structure of the cosputations could be pelflected in the structure of
surt progrens: in this way we can speal of the joint structuring of
progivaas ool couputations.?

This mapping process in Varnder's nethodolory is similar to the
syntiesizins process in writine, nentionsd zhove; here the set of
instruetions is analopous te the sheal of HOEZAVIZ: or cards used in
writing an artiele, Therefore, a2 cooputerized sorecn cditor for
Varnice's prograw diagras would faeilitate progzranniing in the sane way
2 sersch tent cditor procotes the writing of artiecles. Such an cditor
would trunea.e, inzerd, reéeplace and shift the twigs and boughs of a
prosron Lres diagron, wideh coprespend respectively Lo khe zentenccs
and parogrepns of an artiele,  An enperinental interactive PAD-editing
Systew is propoaed [llas1]. & PAD (Probles Anzlysis Diasray) is a
Liv-diumgnslonal trec-structurec diagren: (evolved fron Uzrnier's



iz pan) for deseriliog bhe lcozie of Drograis fFPee1). Using a PAD
iiwolves repezbtedly brecliius dowi o problew solving procedure {often
vesus oven Lo Lho progronuer ob tno bﬂ;iwwi:;\ iito adbprﬂccﬂur‘“
Litil they wan be deseribed elcerly. So, PADs zre not only tools i
represenbing prograus but alse tn: tids o about prolblews.
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L, Perspestives on Future Proorasaiing

b1 Futurse Progreaing Style

One future principal prosria:ing style will be 1lnterzclive
"inowled,e prograuning®, based ob logic progremuing. This will involve
sonatructlng 2 wodel or & progru: whils zeocessing 2 nuber of
Lnowlodge bascs ipeluding progren libriries and document files; here
rewladse weans 2 broad econcept inclucing the conventionsl concepts of
prosran, data, and detsbasc [Tag?l.  In other words, future
progrecuing will be eloser te the consitruesion of & podel or @
Wypotiiesis, or the wriiing of o receerch articlo. £ logic progrid,
suchi a3 a PROLOG progred, disponses with the convoentional coneept of
Vegnkrol {lewt®, aod has oo right the greavlarity of individual
centences {(clauses) as an article written in & naturzcl Jansusge: a
POOLOS progric cllous 8 noo-procedurel {deelasrstive) intarpretztion.
Parenthetioslly, tha obhas nou progsrocidny styles, such sc shown
below, will also besr o gresior cinilopity to writing or falk, becausc
dato—=objects and controls will be both higher-lovel and pore zbatract.

Sfunctionnl proprmncivg [Dood
Loojecl-orionuee prrosgits nu..u L,

sabstraoclt czbn Lypeo
Cowaerde proorscsdeg [Aret]
LAk cuLzole uﬂ'Ll:mLu:iUL lun uaien or repid-protetyping 1UVL5T]
or opsrotions] approszoh [Zovl)]

JULIY RELLL prospotatdng lonsusso [Lovl]

.-:;L-:iz;m;*t =H ..;'_Pc-'""-;nt for tho

h,2 Trardrenczents awd Toels Tor Oroestive fctivitios

Az nentioned ie Hection 1, intellipant elffice autoountion sysbens
aud intellipent progrocaning systewss will sot directly suppourt Bhe
inteillectual woir: wod cr;a:iv; covivity of Luoan weings. Therelore, It
ia .,..-ch.*-t..; b thet Ltoolo and coaviromion o natural (friendily and
Tlewible) ond indifferont ':'._;5.:'!_’__,(.:1.'.‘1“ in dopancoe, &8 rentions Fuchi,
“1rrctur of ICOT hesecich Ceonter) so as noo tuo 1upuu* buran erealivity
and 1._u1._,4,n“t.4.0 1., A5 PMrofecser o, Sidon pontioned in nio lecture dven
at Leio Upivercity in July 19503, attention Lo the iunlercation will be
morc valuable and erezstive than the daforcation itwell, Vhiek
infortration to pay cttention be would bost bo enirusted fo the
ereativity and inn loction of nuwar beingu, although intellizsnt
prograuiing sunpert asrsten, as Scott and Sekerlis meniion in [Echi],
Lﬂﬂ.gﬁhmﬂj:H:Hﬂikuh-m,"mlEW“E%JWﬂﬂ;hW'm1ﬂtvﬂﬁmm
ipds of hnowied s Leses nRoesssry Lo proprouning.  Whey elsce gy, Mis
belisve thoi prosreidin., lire otier erses ol eroutdve endsavoe,
saould not be fwo suavily shioziled by fern or Lelaed, Tools or
veaicles for ;-rﬁj;l,min; , Bhorefore, cust be econctructed Lo such a way
that progrocciers will 2t3i11 feel Lhe frecdon to cuplore in unfeitored
Tasghiop.

Merefor, Ln order rot to constrain the citenltion of buman wwers,
fooresned conputing power o iew Jsieration perseasl coupuicrs
shoni be usocd io ppovieo o advanccd natural comuenication nodel of
uanfoochine incarfooe os well as wdveneed interfoce nedia {e.s.



satural Isnguese, volcec, graphics, and so on). For oranple, the
wode-less comuunicztion swdsl concest of Lerox's STAR is bascd on a
“ulti-windew display and gives veers the initiative rether than waking
Loen dependent on the capricez of the coniputer [3uil]. Users can focus
sttention on any zopects of the coputar's eperation, They can pay
gltention to soveral paces or dosunents of interest to them at the
swlie tine.  As L MeCluban seys, "The pediws is the muessope; the
vediug is 1tszelf a rood stizmulant to the human inazinzbion.

for o user's attention to be free, visualization ic essential. For
axanple, a desk surface is effective not orly for "ordering and
Finding;" but alse for "rewinding®™ [fali1]. & bookshelf can alse serve a
sinilar function. "Pesk-top" and "icon", introduced in STAR, are
useful concepts Cop visunlizing the inside of a computer. voroeover,
g3 shown io Pl 4, 2 multi-window dlsplay, coubined with znother
wultlplexing technigue "virtual eircrit®™ on networks, can be used Lo
visualizge an entire networly envirorment, including various knowledpe
sases distributed around the network [Tag?]. The multi-windew display
and Lke virtusl circuit pay not be sophisticated chnougn, They,
hovever, present primitive Lut csfential paterials reguired for
rezalizing basie wodels of man/npachine and man/netuork interfacea, In
Muture, more advapoed atorinis will be availabple [Tap2].

5. Concluzicn

Future programuing procsszes, particclarly in bnowledre progreuning
and in legie prog cmding, will bear inerezsing resopblance te bhe
rrocess of writiug zn articlae: it might be ezsentizl for Futurs
progremming enviroments thot g prograower's allention be Treely paid
Lo variou: knowledge bases around the networl, through the
visuzlization of zn entire network erviromnient, Tnowliedpe=based
ceaputerized eids, sueh as a sulti-windew scroen editer of progran
wlagrams zad =n online docuimentaiion, will dircelly suppeort the
progroser'a creativity.,

fowever, such future interscbive progranning support envircnmenbs
vill be pore advantazeous to others then the conventional prograooing
procese (based on the sofiware life=cycle conecept), Thercfore, the
resgarch and develspient of puw progiraoming processos will be necded.
Por such £ rezcorch, the profound studies of the processes of any
Minds of hunan intellectual activities, including the writing process
and the verdous exiating prucesres of progranming (e.p, Morpier's
profrenoing and prolotypinge, as centionsd in thisg paper) are reguircd,
Tor enouplo, it will be effestive to stucy the processs of
"ralltbreuzh® [Veil, Toull: wallkiirouzn, propoply perforned, wipght be
regarded 20 2 productive thipking prococszs by 2 froup, and is sloser to
Wie briipestors o claod than te the inspsction or desh-debugping of
poeghans. Doroover, beccuse the procesc of watkthrough ie visible, the
cbservation of welkthroush w71l provide scoe sussestions for the
rescarch of tie projreoming procoss and support toola.

And, now, the resultsz of pow poccsorel icte bhe ereativity and
intellectual functiovns of hunsn beinss, sueh as the work being dome in
cognitive seience [Fuel, fort, Hit2], will also ourely esntribute to
aoeund understanding such prosramiig: processes,

Last of =11, whkether tie prosent Loolish paper is awkward o not,
Lhe avthor (Japenese) would like to cupharine that he felt econfortable
and unceonstr=ined in the covrse of wWrliling it according to the process
fdescribed in Fip,1 (w).

S, kelmowledosent

The zoetaor would 1ike te tharl: jesalazy Fobarashi of Ditachi Ltd.
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