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ABSTRACT

A longg=enngge (0 1o 20 yones) Toroenst [ ottomwpted (n
the dovelopmeii of tho methodelogy nud tooklgnen of oper
ntlong reson ol T Tovoont dontn Wil oxpocted wlvimeon
e toeludignon o dogtmton proovsdiveen, petienbinely n the
rendm ol vivno md poliey amslysia, Progress tonethodology
[wmore geontly npodod e preogrossc o computor onghiwer
g 1o newd Fovy mnd ot hoded progrosa iy thr develop
mont. al s romadol theory Is doneibal,




INTRODUCTION

PROBLIEM

To Toveens! e selentfte advaneos of e nest 20 years i the feehplqueas
ol operitions vesoinre),

score

A Torecasl o problem wron win prepured, na ol The aprlng of LDOY, ta
- 2=yemr projoellon, Tl perlods wre deserihed s *shor) e (0 {o 4 yoirs),
“ldvimpo® (4 1o 1 yours), “Jong runge™ (B 1o 12 youren), und “vory long rmngo®
(12 10 20 yeurn), "The procodure for propirtig the Toreennl 1ug
() hoduetton of foehitent dofiong reliing lo oporilons resonrel,
(h) Complalion of e Lypew ol (Aviny) nimngemont Prolows now needing
Holitlon,
() Anlysls of These problomi wiih roupect to o luulm{quuu eilled on,
() Prognosln of wilvimeos In [hovo Tochnlguon, \
(©) Bsambalion ol 1hoe Loehmlenl dovelopmoen! Toreens! fo
ity conlelbnto 1o opoyratlons roseinrelr,
() 1areeunl of progronn HoluHows ol the oplglng sel of problomes,

I olhor geloneon

DEFINITIONS

Operations Roseieeh

Tln wpplied profesatonn] serviee rendered o reuponslile connmmder
or nmger eHent ns m aled to, or recommendaltonof, e eHon's doclalon 1
wHpoeted problent mren=in torms of (he ¢Hent's oty nnd polleton nnd hy n
“method™ tht brtngs 1o benr ol e nppleable procosdon of fogley, mulhemnl ey,
Helonee, aud uxlology—purporis 1o foyd [0 deetslony il produco i overalt
Ierease e The Probub ity of wllatning e elonl 'y BoRly or maro ghyndigt
rownrdu, wnd/or wdoeronse W the ovepnll condumnption ol resodrees,

A.\'luluu‘y ‘

Al uned heve, ngtology s delinod un o Hyulow of oviluntion—=lho wol of
vithion, wovine, wid polle loy pertnen! lo u plvon doeinlon o, topgellbor wilh Jhe
melhod of wirenil g suels vitues, norma, and pollelon md 1ho rocosn ol mod.
Tentlon ol Thone gl g,

Tochulguon of Operntions Rosonrel

Those olomenty of [ proviously menttonod systonmile mathod will by
dolntled wa the need {o dlseuss Hhem NelBes: I goneil, tho luulrulqmm e ho
dividod Inlo Towr brond elignon:




Declslon Algorithma, The applicatlon ol - declston prinelple a8 o pre-
aerihod set ol operitions, an example of whieh 18 The *maximize” or “minimlze®
divective, ey, *Minlmlze the expeeted cost ol developnaent and produclion of
noweapons syslem doslpned to meel thede specellleatlons " Sueh deelalon
divecttves are alwiys necompinled by a set of pealriails s lo permissiblo
quianttiies of human and materlnl resourcees, olher phyaleal restraints ol The
environment, and nlso polley restealnls, Incdeetslon-nlporilan problems the
abjeclves of The sthuatlowcare glven, the restrahds and rerourees ave kiown,
imd the measures of vitluer or effocitveness siee known,  The regulreoment Tor
teehnlgues artdes from The complieatlons nbrodueed by oaltiple poitls, numbers
and lypes of resources and restealnts, aned thelr comblnalovy=or loglenl—
relatlond, and Trom other ¢ompliciations nvolved i probabilisile sltuntlond
mnd thme=dependent elemoents, Also teluaed amongs teehnlgies n Ihls ¢lnsu
are malherntlenl developments i opthmlznlion theory,

Virhio and Polley Delerminntlons, ‘Techalguos n his eliss ehwde detor-
minn i Ton of mearireen of offectTvenons ng dotermmed by, or reliled 1o, the ovor-
nllohjectivor ol the communder or execenllvey delermbition ol the vilues of
Hueh speellle resources us lnmnm Ule, madertel, und sleateple commoditlon;
determinallon ol The rolntlve Tong=rnpge vidlue of spechide tnelleal iod nletegle
docteine; analysln of polley nia sel ol general=declslon shitdoplos; mensuro-
monl of aman ateess nnd wmoraley and The velatTon of muimey plinn g read| -
nes loamHonnl goals nnd objoetivos,

Orgundzallonal id Syslemle Moasures und Technlgies, ‘These leehnlquen
npply To problons Iulullnu fo orpantzntion s a Tievarehy ol command and con-
[rol echolons and o the deslpn and/or nnanlysls ol command wliraelire, commm-
leadlon Hnks, tmo Tnelors, characterintte gystoms response, logletles, control
doctrine, pertwebattond Infroduead by wenpona ar aiher tochnolopglen! or tnetlenl
Imnovatlons, perturbatlons rosilng from combat easmtiios and/or replacoment
by loss=expertenced elemonts, Teaintng, procesalngy of tmletpence mtormitlon,
reteieval ol Informutlon, ele,

Technlgues Rolating to the Kelabitslimenl ol Winreanlable and Practleahlo

l)ugwlu_)ﬂ‘l\/lmlql‘r_{. Compelsing The epilone of the melliod Dy whieh operations
mnlysla eldm to Improvo The deeldalon process, these loehnlques lead 1o erlieri
for The admIsslbIEy mnd wisrrantabiHty of The models usod witle rospocet o e
¢lass of deetslon problema to whieh they are applied, 'Ihe problem i develop-
monl ol Ihis elusn ol tochnlgues 18 twololdy conceptunl problesas relintng 1o (he
comblinntlon ol Togte, Intultion, and esporionee that car npply to the problematle
s tlon (Les, concept Tornation or *objeettleatton™ ol an apolleable modoel In
le (leat pineo) and development of appHeable models md compulbitionnl feeh-
nlquot To produce practicable modeln (L, deelalon modols thal can he doveloped
mnd explotiod with an admissihle=mnd profiablo=oxpend Hure of resources and
I thme ) "Plds elusn ol jochnlgaos neludes dovelopment Insnnditlon und gnmng
lm'Tnﬂqu and the ey i well as b associtod wetencoss compulor dovelap-
monl, dlsplny und mmellney computor=oqulpmoent dovelopmont, und conpilor-
progrnmnving development,  Advimeos v theroe Telda prosuppose corlily con-
cophml developments and recontbiruetlons al the tevel of philosophleil Tomnda -
Hons of the cagnltive nel el In nn urea laosely deflnod na “capnitlve heory®
mnd “phllonophy ol welonee,”




PRODBLEMS AND TECHNIQUIS

PRODLEN AREAS OIF ARMY COMMAND AND MANACKNMEN'T

AL prexent, oporalhms roneiwreh T delletent b agglleation to the tollowing
typos of problow arewd of Aviry connund and mmgement:

(@) Atloeation of mttmey rerourcoes wnd hudpets wd determdnntlon ol
milnry contn,

() Munngement and budgeting ol rosemrel and development (RED) pro-
IR

(@) Anilysos (mowsuren) of mility oftoetivenony,

() Projoetion of teehnolopleal and tnelleal novatlon Info detorminitlon
ol the fature blllelleld,

(©) Dostg ol oxperhents and/Zor stmmlnton Tor e produetion ol diti
wppheable To Tuture batle condHlons,

(1) Deatpn of wdmtsaible, moenndaghul, und practieable wodels Teadig 1o
decidlon prinetples under uneerhiindy, piteHeataely uneortolndea ol hoeeciaae
willh projecton o the Tulure,

(5) Extenston ol practleable models by moro comples me e compro-
ensbve problewa, e puetleatme the dneloaton ol wowmre comples e sy bialle
sel ol environmoeninl condithns,

(D) tmprovoment ln mothods ol Teltoving, proecsstng, and rolrieving
Inlformatlon,

(1) Convoetlon of mitary-elfoctveneas modols with hglstie and ceomnle
virlithlos,

() Analyrls wid dlngorta of detlefonehy ol manbgenwnt poliey,

() Coneopluntlantion ol warrantable naerowmmdehi ol combal,

The mungemoent avend vy be dlvided by Two elagaen: Thode for whieh
theve teate yol no woll=irmed conceplml wmelhod o nolutbon mwd hose Tine
whleh coneoptunl wethoda of notullon exiat e peinedpty bat ol which ulilizalion
ool now practieabloe,

Practieablty -t volndivo Tuetor, For exinple, o computer almulation
lvolving u Tow thousand vaelublos (Ihe Type I fikes o wlmine detallod oper-
wHow ol ovgantantons wa vl an battaHons b battle cantaet) progeansed wnd
wirranlod ar anapplieablo wodol for doetalon purposes, wow roqulren goveril
lmdrod mam=yeara nl efforl oxpendod over o dueation ol 1o 3 yours, This
shmudntlon requives, Turthormore, a rauning e of %4 (o 2 e an o modorn
camputer for one plny anly=ane of Blerally thausands vequired to necamplish
mownduglol rosulls, Notonly does 11 cost, thovetaro, Teom $2 miiton o $10

i




milon and tuke 1o years o dovelop, bul onee developed 1t 18 also velailvely
rlgld, so thal changes desleed Wil requive costs and Hme amounttog (o an ap-
preciable feaction af the Thsl costs, And uniorlunaiely, the declsion probiem
may change appreeinbiy in the thme consumed in the building ol this model,

I aplle of Its cosl and Hme such slmulation 1a carrently proctienble Tor
o overy Hilled elagn of dectslon problems=1.e, that Tovolving produetion and
aperating costs ol a shngle elass of weapons al the $U billion Tevel, ‘The poal
of development of stmulalion leehutques should be to make gimulition practl-
eabie Tor o mueh wider range ol decislon problems, 'To do so, stnulations ol
Iho slze Jusl dincustaed should be developible over o perlod of o few weeks (i
speedup ol a fnelor of 100 1o H00) and at The cost of 2 1o 10 mim=years ol elfor]
(an Inerense of effietency In programmlag al o factor trop G0 Jo 200), Cosl
would Then be aboul $60,000 1o $200,000, and almulallon would conultute o
practieal toal Tor iniprovement of doelslons n the $ T miHon ¢liss, Dovelop-
moenla now appearing e The compuier selencos glve promiae of the allmute
pehlevoment ol this ponl,

Concepiunlizalion Neodn

On the other haud, Trom n cortn viewpolnl some kluda ol nhnulitions
thould he destpgnod more Tor The operallona anadysl than for hig elleat, ‘e
reptentton of runs oo shmualadion ean wHTE he Hme cantuming; fnelhermore
I generales lae mueh lformadlon (G camplele one=lo-one 1lmulindion ol on
operadian would be Jusl as diffteal] to analyze and undorainnd as would The
operalion Huell), The goal should nol be ulieadelndl In slnulation; rather, 11
should be wxod as o glmulnted nourco ol exporience for the aunlyat, Tending fo
an hnlullive conceplaalizallon of 0 macromodel that contiving o refactorization
of concepts porlinent to o Hmlted elnss of doctislons eed by the ellent, The
present atlempl lo develop o microsimalntion to cover reallstienlly all the
docislon nrous u o complex organbatlon ds padntally nept, ludierously pon-
devoud, and overwheimlapgly Intudatod by o dborehen ol output. 1o make n
anadogy, I8 as 1ok The doelalons portahning o desti, developient, and
operation ol & slean power plual wore biused on g mierosinudniion of the
motion ol Tndividunt elossed of woloculos oud wavonr In ceystalbine lnilees,
Wilhoul w more saphistientod and highly reduecd model ol heat propigation
wilhoul the new coneepls ol thormodysimies, sueh o cland ol deetdlons would
be vt hunble o e wieeanted selontie busln, Thove hive hoen Tnstces In
st nludton al RAC whove aeverad hundvod howrn ol computer expevience with
i highly delotiod wierosbmulntion Tod To the Tormulatlon ol vory simple, ao-
phitiended, and elegant deelslan models Tor whieh the computationn! rogulre-
wenls conld bo mel by o Tew howrn al o dosk computor, These maeromodols
pradueed rosulte appHeably over nomuaceh widor ranggo than was avallnble with
Ihohe corvonponding mileramade!s nud lod la lalghis nol allahmbio by The sl
whattons, Yol 1 [ daublful thal the ahaple macramodols would havo been al-
Intnod had nol The oxpovtonee wilh tho stmudntlons hoon undorlakon,

Thin ta an Isolaled example o ancoxportoneo thal ean and shoald be common-
place, "Ihe Tochnique ol concopluntization of nuch emorvpgonl shaplifiod (roducod)
maodels 1n poorly undersload al prosont,




The need for the development ol this (eelmique underltes preseat lnndo-
quactes e the weei of hittle models (ree Tabte 1, Prablem Aven B), lan-
choestor* e the pevlod of World Wi [ ovade o stgnfieant move e (s dihveetion,
Yol allempts To apply Linehester’s caneepis have for the mast pael been sim -
phistie and wrlmaginative, "Phe need here ta for coneeptunl progress along the
Hnes al generultzed doetslon madels (0 the sense of penevatized phise-spiee
mamentum, bageangho and Tmfontan operinaes, efe., e physites),

Problems of Practicatdlity

The chalee hetween milevaderntied madel and redueed nieromadel 18 vory
perinent o twa mont Tmpartont types af opevations resenrel prohlemsd nmeiHures
ol effeetlveness and delermntion of costs, Probloms al eftectiveness and cosl
delerwtations o mittey neeas are paeteationdy difftealt Tor two reisous: ()
elfecttveness mud cost are not b peveval geparable coneepts, oxeept pausthly
sltont s whore the vidaes of the aystem ander study aee altoeted uneglnally,
mud - (h) elfoelivoness aud cont are relative guantitbor oud eanhe paetealinelzod
auly hnoa wpeellod contest, Datican efTeetivenesa d cont eo raeely ohtilned
I the context bewhieh Bt desteod to apply thean, Bxtepadation Team one con
Toxt o aunolher canstiutes the conteal teehnologleal prablem,

sSuele peablems o peinelple can he solved by deviaing aomlevaniodel o
whieh, Tor e meamorremont af elfeetiveness, ol ysew of all coneelvable sl lon
are assensed wmd o maded oo whiel foe cost analyale, all the passihle wied of
eaelr cammadly wee neluded, e sueh elreamatanecs e ovidhiton ol speeilie
cadd and olTeetlvenesn ean he hypaaved —aor abticined by linplleation,

Iawever, such o salatlon plves vlse o what s been dubbed the *Numboer
taeeter," hasteated s L The Tdeas wore hatle ona leetore by W, Roas
Ahby, b One 1n cancerned hore whh the namber of clementl nidhematlea
(e ithmette) operattons involved o e compatation ol w stgbe iawer; He
number s platted on i rauph tog-log aeale, Plpare Cohows thal nembers of
operitHlons g from (' 1o 10t mipht he termed the “eampitalfeaal vanpge™;
trom (0 fo 10™, the *wateononteal range s and from 10" ap, the *eombin
atarkd eauge,”  Asliby hona potnted out e simple atmalubteanr mvolving all the
dotinlln ol meny weapons, aud dervatn ol o hattallon-alzed untt ean, epeineiple,
be londed on o computer thd 18 blg enough, However, anyone committed to Chid
Ing e houl leette by the stonple-winded proesdure of tevostirabing all the
passihle italortes ol engagoments i seloceted aopeogeam: ivadving ealeabitions
numboring - the cambboatortal v, oo, (0™ which, un Auhhy says Inno-
Table auderubittemont, 1o very toeee number deod, (Fhe number o repeedenty
neae heelor, vinee 10 neoneelvable tind one conld even appreronede thig unmber
ab endesdotang ==l alone oxeocd 1) Ohwtonaly thiv ool the way ta palve
prolilomi, A peesent<duy canmuter ean produce 10" ealealintionn/he, The very
Tt compiler farencenhle i the futnee al lwedwiee feclmology mny praduice
whout 10" eateutntlann/he, e g hotwoon 10" o 1™ and 10" it ho aver
came hy ndvimeen ln methadolapy,

The wmmher hievler ean Biecavoreame hy applytng these peinelples: (@)
rednetian I seape al doelsion peablomn aeceptod, () erealive abjoetifienl lon

W Behonter, Areraft and Wartin, Consdablo & Coy London, (00, Chip A,
W, Rous Auliby, pagice prosenfod T Boodad Hywpordinm i Gonert Sywoma Thoopy,
Cise Insthinte of 'Poclmolagy, Aprr 4y,
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al mueraconcepls, and (@) the impartiace methadolopy al the preseeijdive mode
ol Inqulry.

Impartnnee methodalagy (8 o steatey of seiaeelc tor a solutton nwng the !
comldnatorind qossibHIes) thal ullllzes expevience prined Ly o curvent slealopy
lo Imprave the stridegy Tor the nest mave, do hal e strategy heeolces more
efttetont us the goal Isapperoncehed, The maaber of computint o erena gy

Nuwbor of
olomontal
opartlions

10 1000,

1080 1§ Sinplo simolalion

Combinatorial
range

T 0 Aomie ovanls since
putle solldified Mathodology

Q Nondbor ol alowmie particlon

m!vll
i | & Numbo ol chons yonan
slionomlco
o
4 ldoal computr limir. -
10
07 L4 0w 2090, 1 tr
10 ,
Compiutlonal
rango Q Dusk coopie

Computers techoology

(o Cl Montal withmetic

Fly. T"Thu Nomhor Bador o Elomontal Mothomtfeal Oporationn
Invalved th Compaling o Singlo Auswor
{rlvar W Rusn Ashby)

opttnml solutban iy fiepeetpde, booredueed Tecomsontinlly e lopae o ol
the tolul cambinatarind panstht e, (8 s Ysona) ponsibde, wstealogy of cal-
cuhition noey Tar pieaned thil o emleen oely o binparaveniont over the sl
lenawa nedntion and hl nuy wve i Findle ehanee to id ancaplimal solul s,
Sueh g slealopy teatled "howeinlie,"

TECHNIQUES APPLACATLE PO DPROBLIM ARKAH

Conaldor naw The Hal ol peahlem arens ol Army commind and i ggo-
moent gee e weelion wo ted) I terma ad e toehntguon appdfeabto -t helr
sobutlan, Thene are Haled e Palde 1y togother wilh IdentUeation of appdleable
i Jor teelmdgues and an estinmle ol predent stbis o praclheatd iy, 1y,
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FORRCASTS OF TRCHUNICAL DEVELOPMENTS

Genernl Priedictions

Steony Inthmadtons curvvend ly wmay be digecrned thad opevitllons roseaeh
md e alted Tlelds (oumapement selonee, evberelies, penoral syslems Theory,
hehivioval selenee, camputer serences, and modera nitthewaltes ol oplbatza
Hon) wee convergtug towavd a cowmon melhodatoptead and tdebectaal tnovatton
e innovitton espected to aecelevibe preatly The vitle of peperation ol new war-
canlable and applleable Theory, Ged, Theory or modela ol the Type needed Lo
produce macromodets thal wee practieable Tov the solotion ol problema, 'Fhe
Innovinon mmemmts to i systemadle proeesy Tor the cantrol and mod i leation of
e aleatepy of theorlzing, AL the present Thoe tie sheatepey aoapplied by each
Ivestipndar ntathively and eovertly, but wiyn aree heploning to he Tonnd of vo
dovighyy eory Tl 11wl corveetand pevleel Haell in the confest ol o sel ol
more penern) coneeph ind norma, e saeh o contest the lealepy ol peeleeton
al the Theory hecomes i over! pael ol The procoss, Perlection ol metittheory
al e Type Teeea The nvestigndor o apply i itelleelal onereplon on o nore
pencral Tovel by waking voutlnely apptlod acin ol operallony that onee totally
occuptod hg nllentow, "The methad, Tormoda *normative® ar *preseeipbive®
made of goiry, etudon and supplands previouaty doveloped methods ol lople,
cmphrie g, und objocitvisne The fovws *pgenoral ayalema aspeel” npgen-
ernl systema theory, and "houebtie progriomming™ I the compaler neloneoed
LdentHy the emergen] imovabion, whieh also velnlen To the peinelple ol opthuitily
ol dyninule progeamdog,

It predieled that Yhe trind desertbed ove toward nttizatton ol presertp
tive ngqubry wtll he stgntteantly doveloped durbigg the vest 200 yewes dind That the
diselplines elled will become complelely overlipped. A new cpoeh cia be Tore
Aacor, e whieh the geeal endtaval sedvimeos will heosmade i proaceiptive Uelds,
Thal epoe will geadimtly veplivee teehaolopy s e mosl fenttl aeei Tor prog
ronn, AlThough as nmuy an B0 years may be regateed Tov Hhe madaealion ol this
epoch, The wigns of s combug nhould be appavent To all ieos Tow an 20 yenen,
The nelence of manapemuent, Tor is pael, will heneln diveetly, and the oy
Hous appearing inowanagenrend wHl onlwetgh odl olher fanovations ol teelinology.

An i corollney ta s opheten, the snpport of RED ol The Teldo named
ahove will canhribnle towsnd the allainment ol thin aehtovement, ad the Hhne
aente ol nehfevement will nubwsadly depond on the Tevel o support,

Advoueod i Peehntgquen of Operattons Repeareh

Beclaton Alportihmn, Fhe b advanees iy melhodologienl resnonreh on
penving Tochnlgues o operationn vosoneeh - the shavl range (0 10 4 yoarn)
Wi eonlhne To he i the penerad areoi ol doeleton olparibme, 1The dovelopien]
i onfiegement o Teehntgues al nonbineins wethodology, paetieatinely nonlinenr
progemnnng @Hocntion ol rosoureen o whieh wlily aud ventenind funetlons
wee nanfinene), wil he honvity explotted,  Geaphe theory, naw allized e endl-
montey mner by The Prageane Bvadmillon Review "Toelnlgue £O6R'F) nnage
neend aysten, wHE atlich unhiihle enhiepgoment, und e hasle Toandaltons will he
i Tav, Tnler oxplatintlon,




The vae ol Inpul-outpul modoels w1 evease beeaude ol advimees e the
colleetlon and fnterpretotion of datu, which will Humbnale the Indeguaeles
of peeden! npud-oulpul madeny and The avallidd ity ol better datn wtl mal o
worth while the Tormuatatlan of much more sophisticited economle mode’

There will be aninereased use of eger progernmming—tolh Tear and
ponltweine, Stochaste progrannming wil be siiceossially apphied to i ke
ehisg ol problems, Meana wil be Yound Tor practeal approximale solutton in
modeta having on the order ol 1000 slates,

Combinatorial programming wtll be advaneed coneepluntly and means will
be Tonnd Tar elased nolutton of @ yadtmentiey net of practteal problems,

Dyninde pragramming wii cantinoe 1o be developed, although Ita Tull
prttaeity T nol Toreeast unbl later thae pertoda, "Mhe e ision ol spatbl
(Hmear and nontinear) slochnstie and dynmmde progeamning wil be iehteved
for relutlvely shinple models,

Midrange (4 ta b yoarp) progrean will proceed wlonp, these sime Hes,
The Hethme ol explollatlon ol any one feehnigne poemn 1o be on the order ol
o 10 youren, so thad great chaapen aro not oxpecled antl nearly the end ol
thin pertod, which 1 In thought wil e clunvaclorlized by extenatans of extuting
Loehniquen 1o ke advantage ol prageesa o the camputligg ovta, Lineire and
nantnear prageamomdng Toe prohlema an the arder af G000 1o 10,000 vanrlables
Wil he peaetieal, bul the advimbiggon will bo al the mineghnal-Tniprovement kliid,
The petmary conceplual advancoment with ho tn the gonereal flold ol combliir-
vkt programmimy (eaph theary plan programming), Compuliadlonal algorithmu
for apathal=dymmite progeima wil appeae, and practical dynimte progran
mvalving 10 10 100 spaltal vartablos wiil he doveloped,

Hourtstte algorithmea will beeome wmove conmmonpliee, (Phese alporithms
do nol necesspretly Thel e opttmal solbon fn closed Tormg they will alwiys
find better solubions, nowevor, and they may have a fntte probablity ol (ind-
gy the oxael solabton,)

Long=ripge and very lomg-rimge (0 1o 20 yeara) progrons tn the develop
ment ol deefaion algorithma will bo strongly nthenced by the propress i two
other weeany e campuier setonees and formation-velvievad patlorn recop-
witon, 'the himovaktona constituting notable advimee will be the appearanee of
deetdtan alporthms that make vae of the prmeiploa ol palieen recopnilon in
the process of improving thehy sbealeples far convorpeuee to the solutton, Thin
kKmd ot problom solving will be ander developent md explotiation Tor nny
mibsequent years, 'Phe foreeast heve te thal HowH ke B Fieat peaetieal
wppaitramee i the B-ta-20-<yome peviod,

Value and Poliey Determinatian, i the nhorl-vinmpe pertad, reacieeli in
virlne Theary will ho aeeeleraled and the Toundations of vilue theary will he
onlahluhed, Operationn voneareh on polley detosminution will begln 1o appear,
Mucramadoeln Tar ecanomie und vibuo monaures will e uaod oo greator exlonl,
Atthaugh the trond ol developmoenl ol maeghml analysis will contlmie in eea.
nonten, mare allentlon witi o glven 1o hattutle thearlos=fallowlng the Toens
al ultontan an theno theavlon given hy vitne thoary,

Midrimge id Tong=ringe pragrosn whl conslul of the develapmonl al
practieal oporatlont rorenrel mothadalagy In e veat of polley und Inarons.
whoro numagemenl paila and atealopglen aro nat fully dolormlnahlo, Sueh avoan




are manapement of vesenrcel, favedhaent proagraons, disbursemoent ot eharity
and welliree Tands, community projects, educiadlon, aund advertising, Value
gelenco—the selence of measueing the vitlues held by o systom as an objeel -
witl heeome muore highly developed, Sueh development will confreiinte fo The
leehnlgques of detevimdning numerieat measuees ol effectivinesd, [ the very
tong-range pertod poltey reseaceh will develop o an apprectable degree. (Sueh
roreinrel constiiules aserviee foon iastHutlon parabeling the serviees ol o
payehiieist to an individaal,)

Organzationsl immd Systemle Mensnres and ‘Cechnlgues,  Advimees of
teehniques will be carreled onton sevorat feocter evherneticn, goneedd #yaioms
thoory, behaviovul selence, and the computer coences, ad well as the ninige
moend setoueed, An Inereasing mnonl of conceophnl resopreh will he fimmised
on lnformatiow reteloval and pattern vecognltlon, Shoet-rimpee advinnten will
contlut of developmoent of theovy ind specinlizod hivedware thiel cian “reid”
vieriond seleeted typelneen nud vecogulze words, Mideanpe and Tongs-riange
pxplotlition ol iy Teelmdguo will he the appesiinee of spectid wmachined thal
cinHenn newspapers or othoe peint Toe pallorng ol words and detoet any sl
al el ehages we These patlerag, Very long-enpe development may Inehule
(e outpul of soverad padlerw-nearehing machies of dittovent typos (prind,
sound, vidine eeho, ele) fnto one conpodtie “ltoligence” machine,  Thene
macelios wil ho vadhntowduey, compueerd with wnn’s ahHiTy—Dul fhey may ho
practiend T the tHIevingy of arege quand i es ol Tow-peade inforwation, o, The
Feanueney ol ocevrrome ol wordn e forelpn aewspaper or words atloend over
e rdio,

The ovpailzalfon will e Tooked pu wore and more g aw ovginlam,
Meiviros of the ehirneterialie systoms voaponse will be porteeted so thal (e
vinhitty with vespecet To dolving ditferont elusses o problemaite sHaotions
will be predietable, The mn-waehine aspeets, partieataely i ihe destpn ol
commanleation wels and formsbion Hiters, wil he sabjeet 1o naccesstnl appll
cillon ol operations resenreh,

Miehine Tgpige teamadntion, oo specistized sense, appeaes praceticnl
e the mitdvimige perlod A1 spported now. ‘Phis presapposed the ivvenllon ol
gy, nHpectntized milney hoguige and miley voeabuliney =ilong Hioen
Hibnet e to wiradtend Chagy slgmds md vadto hdovnalionsl codes, Machines ol
Hide type wouhil be pactiealnely uielul e wihwlions whore represontatives of
soveral nintlons e ongaged T Jolnt milney operationy,

Aren ol Deetston Models, The shovi-range pevtod will see the Toundatlons
of the preseviptive mode ol v stev appear. Pheso imdmmentits witl geadunlly
ditTure nfo wde T the peaeltenl sedvilios of opeentions redenrets selontinl,
and W he esplotimd o The mldvimpe and loug-vanpe peeioda,

sShwmuhtion gamd enmputor pnhgy) wHE oblidw Tmpetas Team dovelopimoents
e computor edwitee ma romgpuilor progeamming, A computor stmunll lon
lypovimeggage i appenved  thin yoae, It e loa oty lo wasoss e ulllily,
Shondation hie beer e - g achyperlimgmingge avadlnblo Tor 1, Asa vosull,
whandudton peogramming i boew done I eompulor Tnugmge e mosl olo.
wonheey wnd slowonl way Lo propeinn, Sowe upee il siowdullon linggangos nve
boew wsod, bty by destipeg bid Tan wierow an appllentlon 1 be generally usolul,
The whorl-vunge period wH see e cmergenco al roneriizod slinalatlon come-
puler Tngmigge, widele will vosudi u e apoeotdup ol peageimming by u taclor of

1




10, 'This capability with be fuether enhaneed In the midrange peviod with The
perfeetion of almulullon computor fanguages vesulling o speedup by o tactor
of abaut 100,

Inerensiod une for gimulation purposes ai speehinllzed compuler aneltlary
equipment will occur, 'I'his speclal oquipment wiHl be uned to speed up and
translitte the input-autput communication hetween the nnilyst and the compater,
Baulpment of this natare to now avidlable, but e cont=and the cost ol progrion -
g support needed to exploit fl=hisa been so relatively high that Hite ude haw
developed o fes This Lype of equipment will beeome commonplitee by the mid
range perlod,

The lercisod uso ol shnalation with atrengthon the veed Tor redueed
maucronodelsy the aperntlon of The almutation will constilule o sowree of nell-
Flefil exportence ik wHi Tead To apgregnted voucepts, Sludies of penceratlzed
theory wili accolovade ks process, e cwergence of mdtylog coneepts
macromodela ol mililwey torcon with resalt, "Pliln Wi ho i nlow process
will beghe o he natleod o a normal procedure e the vory long-rmpgoe porlod,

Computers mud Conpaler Progranniig

Shieo the development of computers mnd compuler progeamnrbng dolor-
e laa high degroo the development of alior Teehulques, 11 fs approprlale
lo give apeetand ationton to iy Ttold, Al presout inedwieo dovolopmonl s alnred
il fastor nud more veliablo eloments are enphastzod, Hordwire devolopmoenl s
have vutsleipped The compulor progeannndug developnionl by 6 to 7 yours, I
lorme of the averigge “gevernlion THethme® of o computor dogipa, progeamning
I8 then agenoratlon=nl Toasl—behind hardwaro, ‘has apocllientious of boed-
wire are dotermivod more by englnoors than hy the progreammers who ase The
machines, The race for fustor muehines 18 approacehing the polnt whoroe the
sputial dimenstona ol the machine whl altect the thie phastog of Hg opmration
(heeause of The fldle apeed of electromapmoelte pulnes), When this condiHon I
reuchod—operatlon Umes on the ordor of the slze of the machine divided by Tho
apecd of 1ght, or 300 em/@ > 10" em/soe) ~ 10*" pee~—the leelnolopy will havo
to ook 1o Home olher means of apecding up compuintlonnl procestes,

The nexl 10 10 12 yoars (horl= and mibdrange peviods) shoutd see e apes
pearanee of hadf-micvonecond (50 thnes the Himdl piven i The proceding pae-
praph=which ot a distinet go-no=ga Hdl) memory as Talely almdard. Sueh
i memory slze wHi contadn noveral 42,000 modulos- and the cost ol operaliog
Wi po up Hpeell-repiater, ndltvontrol, and polymorphle maeitnon will alun
appear fogreator nwmbora, althouph these Toeaturos wilt vol he wldely oxploftod.-
Beetune Tho progemmamtog wed io Tnpptag, Suel maehinon will he apptied to Tarpe
newdo prodietion wud voad=tHie dida proconstng, e veal-thne dika processing
Wi provide modl of the Tapelaa Tor the developmonl of waehines with nior
peetlol procesaing (polymorphie), Fhis avea b been well Tauded beennne ol
tho heavy expendibneon i owe wpaeo program,

I peneral, thono umehines will ho destpued Ty e lnedwinre needs ol
apace braekiog vyatenas Although they will ropreseut devolopmenls of oal -
slanding quakily, they wiil nol necorsiedly represenl te tdend compuling gynlens
fo wlisly Ay requivoniouls, 'Thaa fine e Tow Tupul-outpul Yseloutifle? (1o,
ne=wuswer oulput) mad e dalu procesntus (busluess vperations) wavhines hive

"




dominated the Tletd, W e Army conttnues (o nflow i ' mn come-
puters (o be anderweitton by athier sorvicos ond by Indus,. o e -
(e 1o have 1o convert himd-me-down dentps for I8 povpases i Lo oldatn
nopoor L Lo e vegatrements al howl,

1 the R&D 18 supported, the Tong-ranpe and very fong-ranpge periods coald
soee e appearanee ol bigh-speed, fow-coal, sonll, high-cogactty, rettable,
polyntorphite computers dovtving these elacteristies from mieram otz -
How=1Loey, eheeatta and teamstators made on peinting-presa-type waehves, Hoe-
caase the hdividunt ofement made by ity process would hive o Tow vellnidiity
(~ 00 perecat) the etreutts woutddagye (o be bighty redundanl, "the lovol of
redundaney shautd e sueh that ihe mpater would funetion with 50 to 76 per-
cont b Ha efements inaperatiye, The\wholo campiter modale waald fe ospond-
ables whon s rolabidity or tgeHanduy falted, 1 would e disearded, v ean
copl e computer should Te dedlgned m'ﬁuml the neoda of the progranimer, md
e paetieabine weaund the weods Kre progrimmbng and funeUanug af the jaliorn-
vocopibion operatton, Such uw edqniputor could gorve the Army’n needs e He
iy eeens o dati retefovad ind\Inteitigeneo aynthoste with while it s con-
corned, The nutaanation o datu-indiing aperatiana in the ecanmand mid eons
(rof fnddor waudd te greatly neeetdgented ty sueh o dovelopment,

At corallivey, iy dovieo tha\ eonlributos ta these dida-retievnd and
mietlgeace-rywthoesta arean wil qls sevve neonuselul taol fue the operalions
mintlyst, slnee he e deoking to peefdqem these vory sime operibias-or to
learn how theaoe aporatians may bo poarmed—=for The Army,

A the cont al genornt-peporo caapuler nstatlations inereases, moeoe
and more natttations Wil e pgeleod aul NCcompater operation and witl have lo
depend more nnd moro on fnrge conteal emyjmilor-gorvice organtzitions, Thosoe
wil beconmoe meee automnted, wntH By the Nng-mnge perelad the canpator -
procesuing sevviee with b wmueh Hko the tolgphone systonr, el subsertior
wHI he sitothtod anto the nugor ecamputer byxdata Tinks and poretphorad input-
aulpal doviees, "he whole operatton will he eNaleadled by @ mastor camputor
monHue il Wil vecofve, ausign to o compulory slore, proceds, corroel Home
Kinds of cadbng orvaes, Tnprove prageramniing eddes, cadlenecaunt, transimtl
auswers Goid oporating cados 10 nskod), wnd 1dii 1he ellent,

The pragrampiing el in the sl decade s ghown o faetore-of= 10D nereatdo
- ettieteney threough the dovelopmest of aigelarade Bagaages and conmpiiing of
hypevtmguingon, This trond wiil bo aeeoterated, "The aest decnde witl qoe the
mgeirmes ol progeand al tmprove thomnetven an ey aperale, Spoclol
pragrnnming develpmonts for the Celd ol pattern recopiitton wiil be explaited
e actenco al progesonning Hacll, '

FORECART ADVANCES IN ARMY PHODNEEN ARDAH

Wo sl wew utiempt Tecbennsiote those foehalenl advineen into ndviseoy
e the nel of dolving probloma al diveel tereal fac the Aviny by nppiyfag fare-
enalg o 'Tfablo 1o (Numbers vefer Tacproblom nrons Hatod n 'Table 1)

Lo Abtoentton feehntquen Wil be gonerntly ndvimeod thraagh e aharet -
range ind mideange perods, Thin 18 adae beae of weilltiary cosl mlysia exeapl
fsolnr as 1 depends on simaintion, Sloee mnjar ndvianees i slmulntion aro

Ih
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