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FOREWORD 

The piipci' publlöhücl horowllli WUH IH'OHOIUOCI ul tlio DllglUh 
AIU'A DlHciiHMlniiM (in Army Opoi'lllloillll RoHOtU'üh, llGld ill tilQ 
indufiii'iui ('iiiicr,'1 ni llio Armocl I'm M, KI Loaloy JI MtiNulri 
WIIMIIIIII'I  I), C, l7-2ÜJuiia 10Ö3,  II In Inuluclocl In llio Ihil of 
IllloH bolow roprcHtMilini' KAc piipci'H iluil woro propiu'ocl oi'lg- 
in,illy I'm' llic I*:i|>lilli Qimclrlpiirlllo. 

Lynn II, Humliinii'Ji, "Crlllcul Appi'iilmil Acldroas, Unllcd Hlalcn," 
RAC-TP-102.  UNCLASSIFIIED 

Nicholas MiSmllh/'OponillonsRoBourohlnlho Noxl 80 Ycnni;  A 
Toühnoluglinil Forocuiöl," RAC-TP-103,  UNCLASSIFIED 

PhilipII, Lowry,"DualCnpublllly In n Thpulor of OponitloiiH (U),' 
RAC-TP-104, SECRET 

(', A, Wni'nci', "HdulhciiHl Anlim (.'(inlllcl and Opoi'iUlonH HcHcni'i'h 
(II)," RAC-TP-IOB,  CONFIDENTIAL 

Ii'vini1, ll.Sh'i'.cl, "Allociillim of HCHIIIII'CCM: Prolilcmii »f Slrillouli1 

Poaluro mid RoucllnoHH," RAC-TP-100,   UNCLASSIFIED 
II, N. Iliippmi,  "I'i'mmillni1, Combill DcvclnpincnlM through Mulh- 

imiiilicnl MotlolH," RAC-TP-lf)7,   UNCLASHIKIKI) 
Aniliiiny v. I'lnci'd mid Qarih P. Mc'Cormlak, "Algorllhm for Non- 

linciii'   Pi'di'i iimiiiiii!1,;    RuHouriio • Allot'iillon  Molhoclology ," 
lUC-TP-iOÜ,   UNCLASSIFIED 

.liimc/i W.JnliiiMiin mid Uli'lini'd M, '/Iniiiicniimi, "A Quiiik-Gnnilng 
('iilriiliilniii of Mcvctilli Army Di'fcnHivc OpcmliuiiH (II)," RAC- 
TP Kill,  CONFIDENTIAL 

in 
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Hinil'.c Ti'diiKiloiiiciil I'drcciiMl," |)i'o|)iii'ticl 
iiiiiuinlly by tho DüpiuMinoni of Iho Army, 
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Ciller, Mi'lli(i(l(il()|||(i||l 
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ABSTRACT 

A long-runffu (0 lo UOyuni'B) roruunsi IH nllumijlud in 
thu cluvulopniuHl nl'iho initilKKliiliiiiy und lüühnlqiiüN ofoiHJi'" 
Milnnii I'usourohi Tliü fot'ooiiBl CIüIIIB wlili oxpüülüd iidvunoüH 
in Luohiilc)iiQfl ni' düülslon prooutliu'osi piirliüiiliii'ly in Iho 
i'cmlni of vuliiü iinil pollüyiimilyels, Pi'ogi'üfifllnmüllMHloloß'.y 
iBllioi'üiii'oiillynoüdotl lluin pi'ogi'usi In ponipulor üiipfliiüoi'" 
iiii1;. Tho iioüd I'III', iiml üBtlmiUotl pi'ogroBB hit Lhci cluvulop- 
nionl dl' iniiiii'Diiiiiilii! IhooiW IH ilnMdi'llinil, 
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INTRODUCTION 

I'liOIU.KM 

To I'nl'CCilHl HlO BClOlUlflC IICIVIIIU'CH III  Ihc ncxl  20 yCilt'H 
of npcniiiniiH i'oaonrohi 

SOOPE 

A IIII'ITIIMI in Iho problom lU'öti wus proparocl, UM of llio (jirlng of 10Q3| IIH 
ii 20-yoiU' projoulloiii Time porlocla tiro tloaürlbo (1 IIH "Hllllt' 

II Hit) lochnlquoH 

'mil',«'" (0 lo '1 yciini),     . .>„ i, .in    rmmi   ■|lll|p,('     \V 10 'I ycill'l 
"mlclriiiigo" ('I in 0 yt'in'H), "long i'aiigo" (B to 12 yourti), and "vory long I'lingo" 
(12 In 20 ycin'M). Tlic prouocluro for propui'lng llio foi'OUUHl IH; 

(a) JiiiriKJui'iiiiii of lüchnlüul (liifiniiiniiH I'GlnllnB in opornllons i'oflonrohi 
(h) Compiliillon ni Hi*1 lypi'M of (Army) nmnngomonl proqloniB now noQCling 

Millllllllll. 

(r) Aiuilyslfl ni IhüHG probloma wiih t'oapoul lo Ihu loühn t 
(d) PrognoilH nf fulvnnoos in liioso loolinlquofli 
(c) ffixiimlnalion nf Iho toühnlüiil clovolopniQiil foroeusl fo 

Hull limy rmili'lhiili' In oponiUoilö l'OSOtll'üh, 
(i) Foroöiiöl of pi'ogrofls in Hoiullons of llio orlglnnl sol i 

DI'IKINIi'ldNH 

Ojjoj'iillona Roöourcli 

i' uonimnnclor 
'M doolalon in 
ItJloa mid hy ii 
lü, iiuilliumnlli'M, 
ö 1111 nvcriill 
I'I

1
 nbuntlnni 

rrcii, 

Till.'! llppliod profOHHiOlllll Hl'I'Vli'C I'l'llili'l'l'd In II n'M|)ilMMll 
nr mnnngor üIIüIII UH an nlcl in, urn1 iimoiidiillonuf, llio ollon 
II iipiM'iiii'ii prnlilciii iiri'ii-lii II'I'MIM nf Ihc üllonl'ö ii'oiilH iiml po 
"molhod" Iiml bi'lnga In belli' all the upplloiibla iironoaaua of lo| 
Hrii'iirc, ami iixlology—purporla In loud in IIIM'IHIIIIIH Ihal prodiK 
liii'i'iMiHi1 In llio prnhiililllly ni' alliiliilni1, llm clloill'a I'.nalii, nr mi 
I'owiiJ'da, aml/m' a docu'oiiHo In llio nvornll tioiiaunipllun of roaoi 

A,\lnlii|iy 

An mmil horo, iixlnlnjiy IM doflilöd mi a Hyiilcm nf BVnlUlllloi|l»lliQ Hi<l nf 
valiicM,mii'iuM,midpnlli'luH pül'llnotll Ina glvoil dotUölon urea, U 
molhod of wiu'i'millng auoli vriluofl, normi, mid polloloa und llio i 
ll'lcallnii nf UiOHO i|iiiiiillllmi, 

Toohnlquofl of Opoi'tUioiiH RoBflivroh 

Theso cicmiMiin of llm pi'cvimiHiy nieiUloneci lystemiUJa nid 
CIOIIIIIIMI IIH Ihu noocl lo (HHCHHH lluun III'IHDH,  In Kotmnil, Iho im 
iliviiii'ii liijo four hroml ohiioosi 

|U0B culled on, 

OlIlOl" HCllMKICH 

probloma, 

tolliQi1 with Ihc 
I'ooofli of mod- 

Ihod will ho 
iidquoH Qftn he 



Di'dHlnn Ali-imilliniH.   The iippllciilion Of u cloolBioil pi'lltclplo (18 tl I'l'«'- 
Borlbocl sol of opornlloiiBi an eximiplo ol whloh i« tiu1 "nuixiniizt'" or "inlnlnilüoH 

dli'octlvO) I.'1., "Minimize ihc oxpoolocl nosl of tlovolopiuoiil mui procluüllpn ol' 
u WOapOIIB ByBlOJll ClOBlpilOtl to IllOOl IhOSO BpÖÖlflClUlOliB ,  ,  . ,H  Such (ICCIHIIIII 

diroolivofl in'«' uiwiiyH fiaoonipniilod i>,v n sei of rcHtniinih tiB in poi'inlBslblo 
(iiuiniKicii of luimim mul iiuiU'i'iai I'CHUUIM'CH, olhor phyBlütil roflirnliilB of Iho 
onvlronmonli und IIIBO policy roslrnlulH. in tloelBloii-iiluoi'lilim probloma Iho 
objecllvos of ihc Bllunllon nro (flvon, Iho I'OBlralnlH IIIKI i'OHoui'tioH IU'O known, 
mid the niciiHuri'H of viiluoa or offoallvonoBH nro known, The i'üqiili'omonl for 
loohiiiciuoa ui'iBOB from Iho oompllcnlloiiB Inlroclutioci by inultlplü I',(IIIIH, numboi'B 
und typos of I'OBOLU'ooa und I'CHII'IIIIIIH, iind thcii' noinblnnlory—or loyloul— 
rcliilliiim, und liimi oilier coiiipllciilloiiM liwolvod In iii'ohnhllliillc HIIUIIIIOIIM 

mul tlnio-clopondonl olonionls, MHO Inoluciud unions toülinlquoH in HIIM CIIIHH 

nr:1 iiinlluMjlillicitl dOVOlopmoillB In opllnilziilion llicoi'y, 
Viilnc and Policy DHcriiilnnlloiin,   Tcclinliiui'M In IIIIH CIIIHH hicludc dcli'i1- 

iiilniitTiiii oi' lllonBlirOB Of OlTOCUlVOIIOBB (IB (kdcniilncd hy, or rHnlcd to, llic over- 
all obJoctlVOB of llio coiiiniiindi'r 01' OXOüUllVOj dclcnnlniillon of llic VIIIUCM of 
MII'II Hjiccll'lc I'CHOIII'CI'M UM liuiiiiiii Uli1, niiilci'lid, mid Hlruli'idc COlllllllldllleu; 
(IcIi'i'Diliiiillon ol Ihc I'clnllvc loilB-l'iingO viilnc ol' Bpooll'lci lnclli'iil iind Mlrnlcidc 
(locli'lnc; aniilyHln of policy an a ncl of iiciicral-dcclnlon Mli'alcidcn; iiicaMiii'c- 
nicnl of himian HITCMH IIIUI inonilc; and Ihc rclallon of nillllai'y plann and ivadl- 
ncHH lo nalhiiial goals and oiijccllvcH, 

Or^anlzaIlona! and Hyulcmlc Mcamircii and TcchnlipicH,  Thcuc Icchnhpicii 
apply lo pi'olilcniM i'cliillnn lo oi'Kanl/allon IIH a iiicrarchy of command and con- 
Irol ooholoilB and lo Ihc doalft'll and/or aiUllyslB of conimand iilnicliirc, comiiuni- 
Icallon link«, lime lacloni, cliiiniclei'iHlIc iiynleniM rcHpomic, IOHIHIICM, conlrol 
doclrlne, pci'lui'lialloiiH Inlroduced hy wciipoiiH m1 olhci1 leclinolonleal or Incllcal 
limovallonH, pci'iurliaiioiiH cosultlnd fi'in nibal CUIBUIIIIIP« uiul/nr I'Dplacionionl 
by IcHH-expci'lcnced (dcmcniH, Iruliilng, proaoafllngnf Inlolllgoiu't' inionniillon, 
I'cli'icval of Informiillon, elc, 

''Aü^ill'ü^'l H(diillii|.1, lo Ihe jilHliiljlltihiiicnl of WIIITIIIIIIIIIIC mul Pi'ilcilkniblo 
DCCIHIOII ModCIti,  C'ompi'lHlnn llic ejTllome of Ihc lliolhud by Wlilull oiicralloiin 
linalyBtB claim lo lllipi'OVO Ihc declHlon proceHM, Ihcne lechnlijiicH lead lo üHlOl'ltl 
for Ihc admlMHllilllly and warranlalilllly of Ihc moileln UHCII with i'cMpecl lo llic 
CIIIHH of declHlon probloma lo Which llicy nro applloci,   The pnihlem in dcvHop- 
mcnl of IIIIH CIIIMH of lccliiih|iicii IM Iwofold;  conceplnal pi'olilcmii relallii", lo Ihe 
comlilnallon of Ionic, Inliilllon, and experience Ihiii can apply lo Ihe pnililemallc 
Mlluallon (l,c,, concepl formalloii or "olijecllflcallon" of an nppllciililc moilel In 
liie find place) and dcvelopmcnl of appllcalile modelM and coiupulalloiinl lech» 
iil(|imn lo produce jinicllcidile modeln (l.c, declnlon modeln Ihnl nan lie tlovolopod 
und exploited with im adiiilnMllilc-imd priifltiilild-oxpoiullUirQ of renom n and 
In lijHc),  TIIIH CIIIHH of iccliiilijiieH tiicliiden dcvelopmcnl In iilimilallon and namliiH 
leclinlipicH and Ihe like, an well an In aHMoclaled HCICIICCM;  compulei1 develop» 
mctil, dlHphiy and imcllhu'y üompulor-equlpillölli development, and compulci'- 
propuniniliiyi dovolopnioiili AdvanooB in thcuc floldB proBuppnao norlnlii con- 
ceplnal devolopnieills mid recoiiHti'iiclloiiH at the level of plilloMophlciil fniiiidii- 
IIOIIM of the QopitlVO act IIHCII' In mi aren looHely defined im "oogflUlve theory" 
iiiul "phlloMophy of Hclcnce," 



PRODLKMS AND TECHNIQUES 

I'llOHLlSM AU12AS OV AIIMV COMMAND AND MANADKMKNT 

Al proaoiilj (i|)(.M'iiiii)iiM i'oflötiroli iHdcl'icicni in iipiJllüiUlon in Hie loiinwlnK 
lypcH of pi'oblom III'CIIM nl' Army cnmmiiiul mid iiitintigonioiili 

(n) Allm'iillnii nl' miliiui'v i'Gflourooa imil IHKIIIHH mid tloloi'inlniUloi) of 
mlllliiry I'IIMIM, 

(li) Mniiiii'.i'iiii'iil mid hiidiii'llni1, of i'OHOiu'oli mid clovolopniuiil (i;>'h) pro« 
yirnmfli 

(r)  Aniilym'H (IIKMIHUI'CH) nl' mllllni'y offOüUvoilOBHi 
(d)   I'l'iiji'i'lliiii nl' lochliologlülll mid Inrllrul liiimviilliin lulu di'liM'iiiliiiillnii 

(if lh(> futlll'O linllli'l'li'ld, 
(c) Doslgn ofoxporiinoiits imd/ni1 BlmuliUlon for ilia procliKUIuii nl' clulii 

iilililii'idili) In I'lilui'n liiilllc ('niidlllniiH, 
(!')  Di'Hli'ii nl' mliiilHiillili1, iiicmilniilul, mid pi'luUICIlblO nindrhi leiidliii1, In 

clooiHlan prlnclplos unclor uiiaoj'lnliily, piirikniliirly iiiiüorliiliiliofl Hmi IIUü'OIIHO 

wiili pi'ojoollon Inln llm fului'Oi 
d1,)  M.xli'imlnn nl' pi'iii'llriilili1 nioclolH In iiini'i' nmnplox or IIUJI'O (inmpi'o- 

honslvo prnhlmiiM, In ptii'llcuiliir tho liiclualon of n muro coinplox iintl IVIIIIHIII
1 

aoj nl cnvlrniiniciiliil CIOIKIUIOIIB, 

(ii)  IniprnviMiii'iil In mcllindH of lllli'i'liii1,, prnri'HHlni1,, mid l'üll'IOVillB 
Informiillmi, 

(I) ('niiiiPi'tlnn nf inlllliiry-i'l'I'crllvi'iiciiM moclolH With lü||lsllu mid nninlr 
viirliibldH, 

(J) Anulyslfl und CIIUH'IIOHIH of clol'lolunuk's of nuininionuänl polkiy, 
(k) (.'nnrcpluiill/iillnn nl' wiii'ninlnlili1 miiiTimindi'ln nl I'ninliiil. 
Tlio iiimiiii'.miicnl IU'CIIM limy bo dlvldnl Inln Iwn uliiöHOHi  IlmHü I'm1 which 

thoi'O In mi yd im woll-foi'mocl iioiiuoplutii nmlhiid of Holullon mid fhoHU I'm' 
which cniiccplunl iiicllindM nf Mnlullnii c,\liil In pi'lnclph1 bill nl which ullllKllllull 
In no! now pnicllcnlilc 

Pi'iicllcidilllly In II rolllllvo I'liclni',   ft)!' cMimpIc, n cninpiiliM' nliiiiilnllnii 
liivulvliiK' n few lliiiimnnd vui'liiblOH (tho lypo II takos In slmulalo CIüIüIIüCI opor«« 
iiilnn nf ni'iuml/iilliniH IIH HIIUIII tig linlliillnnH In Imlllc cnniiicl) progrninniGcl mid 
wiirninliKJ IIH un iippllcnlili1 mndci for clocitHlon purposoB, now I'oqulroB Bovoi'iil 
hnndrcd inmi-yciirH of Offoi'l expended over n diinillnn nl I In !) yeni'H.  Thin 
BlmuliUlon I'Qqulrofl, fui'thgrmoro, n I'unnlng lime of % to 8 hr on n mocloni 
eoinpiiliM' for nne pluy oilly-ono Of lllernlly IIIIIIIHIIIKIH rerjiilred In iicenmpllHli 
ineiinlnnful femillH.  Nnl nnly (JQOB II eiiHl, llierel'nre, fi'nin ipn mlllliin In $11) 



nofisas 

million iinti lake I to ii yoiirB to dovolopi bul iini'c dovolopcd it In JIIHU foltitlvoly 
rlgldi HO that chnnßOfl doslrod will roqulro cosls wid Unio uniounllng to mi lip» 
proclabic fraction of Iho flj'fll QOBlfli  And uni'ortunaii'lv. Ihc dodslon iirohlcm 
may channc nppi'i'i'lahiy in ihc iimc conHiimcd in ilu1 huildlng of ihm moiii-l, 

in aplto of itH COHI and tlniQ such Blniulutlon la curronlly pracllcnblo for 
a very llmllod claaa of doclslon probloniB—l.o., tliat Involving prodiiüllon and 
opoi'ttllng COBlB of a Blnglo CIUHH of woupons at Iho $1 lilllion lovol,  Tlic i'.oal 
of dovolopmonl of Blmulnllon lochnlquoB Bliould bo lo make Blmulallon pracll- 
cahlc for a nuicli wider pimgo of dociBlon problcniH,   To do HO, HinudalloiiH of 
HlO HI/C JHHI dlBOUBBOd Hiiould bo dovolopnblo over a period of a few weekn (a 
npeednp of a faclor of 100 lo BOO) and at the OOfll of 2 to 10 man-yeai'H of effort 
(an IncreaHc of effirieney in prognunmlflg of a faclor frop) BO Jo 200)i  Cofll 
wmdd Ihon he aliont $!)0,'o()() lo $200^000, and Himulallon would'comdllute a 
pracllcal tool for Improvemenl of doclalona In the $1 million ülilöB.  Develop- 
menlH now appearing In Iho coivpnler Hciencen nive promine of Iho ullimide 
lU'hievemenl of IIIIM coal. 

(.'onceptuali/atloii Needii 

On Ihe olhei' hand, from a certain viewpoint nome kindn of Mlmulalionii 
Hhoilld lie dofllgnod more for Ihe operaliomi umilyal than for hiti cllenl.  The 
repllcallon of rmiH In a Minmlallon can iillll he lime conmimini1,; fnrlhermnre 
It gonoralOB lot! IllUOh Information (a ooniplolG one-to-one idmulatlon of an 
operation would he jiuit HH dlfflcnlt lo analyze and (indeniland na would the 
operation ItHelf),  The goal Hhould no! he uliradeluil In Himulallon; rather, II 
nhould he imed an a Hlnudaled iiource of experience for (ho unnlyul, leadini' to 
an IntUlllVO concepluali/atlon of a macromodel lluil üOiUulns a refaclorl/allon 
of conceplH perlinenl to a llmltod CIUMH of düL'lMlona faced hy Iho cllenl,   The 
prenenl altempl In develop a microHlimilalion lo cover ccaliMllcally nil the 
dociBlon areiui in a complex orgnnlssilllon la painfully inepl, ludicrouiily pon- 
derouH, and ovorwholllllngly inundated hy a dlarrliea of output,   To make mi 
analogy, II in an If all Ihe declHioiiN poiMallllllg to doBlgll, dovulnpmonl, and 
operation ol a fileam power plani were bnaocl on a mlcroaimuUilion of iiie 
motion of Individual (Jlaaaoa of moieculen mid waved in cryHlalllne liilllcen, 
Without a mure f.uphiHllcaled and highly reduced model of heat pi'opngatlon and 
wilhoul Ihe HOW coiu'eplH of therniodynamicii, mich a CIUHH ol tieciMioiiM would 
he uniillalnahle on u warranted Mclenllflc IIIIMIH,   There have heen hiHlulU'nH in 
paiil Mludieii at HAC WllOl'O neveral hundred hourn of conipuler experience with 
a highly detailed microMlmulatlon led lo Ihc lormulatloii ol very Himple, HO- 

phliitlcaled, and ologanl cloolalon modula for which the cnniputatlonal roquli1  
mentM could he met hy a lew houni al a denk computer,   Thene iiiacroinodelii 
prihluced nuiullii appllcalde over a much wider range than wan avallahle with 
Iheli iTOBpoildlllg mlcromodeiH and led lo liml|',hlH not iHtalnahle hy Ihe Hlm- 
ulalloiiH,   Yet II in douhtful that Ihe Himple macromodehi would have heen at- 
tained had not Iho oxporlonoe with Ihe HlimilalloiiH heen underlaken, 

Thin IH an iHiilaled oxamplo of an experience thai can and Hhonld he common^ 
place.  The lechnhpie of concei.ilnall/iilion of mich Oltiofgoill Himplifled (l'odUüüd) 
lliodelfl In poorly underHlood al pi'SBQlU, 



The niM'd for Iho tlovolopiuonl of Ihia lochnlriuo unclorlloa proaoul lnndo- 
qunclos In the nroii of biUllo motlelH (nee Tnblo i, Pi'obloni Area it), Um- 
OhOSlOl'* In tllO poi'lod Of Woi'ld War ! made a Hlglllflcmnl move In IIIIH illrccllnii, 
Yd (Uloitipla to apply Lnnchoolor's Göiicöpta have for [\\o inoal purl boon slm- 
pIlMlle and unlmaninallvc. The nooi! hoi'O IM foj' conccplnal pro^'Oifl IlloilH Hie 
llncH DI gonoriillzod cloolBlon inodolfl (In Iho BOIIHO of ncncrall/cd phanc-Hpacc 
miimcnlum, l<ai;rani;lan and llaiidllnnlaii uporulura, Hc, In phyHJi'H). 

I'l'dlilcniH ol' I'nicllcahlllly 

Tlio uholuo bolwooii iiilcrodüliUlod inodol and redneed iiiiitironiodoi is vory 
poi'llllOlli In tWO IIKIMI Inipiu'lanl lypcti nl'(ipcralliin.M I'OHOiirch probloillH!   illOHHUrOH 
of offootlVDiioaa and dolorinlimlloii of üOBIHI  Prabloiua of offodtlVuMoaH and ooal 
dolorinlnulltma in mllllury uroii« arc parilcularly diffluull for Iwo I'OHHOHHI (a) 
OffoollvnilOBH and üOMI arc mil In iicncral unpiii'ilblo nmccplM, cxccpl pdiiMlhly In 
MIII.II  aiH where Iho VIllliOH of Hie nyHluill under nlndy are al'leeled murgllllllly, 
and (l>) ellecllveneHH and uoHl are relallve quillltUlüH and can he parlicularl/ed 
only In a lipecll'leil cnnlcxl.   Dlllll oil circclh'cncMii and t'DHl are rarely nhlalncd 
in il iiloxi in which ll i/i dcMlred in npply (horn,  IfixIrnpnliKlon frnm ono con 
lexl In aimlhcr ciinMlllnlcn Ihc ccnlral lecliiiiilnidcal jiriililcni, 

Much priilileniH In principle ran he dulved hy devlnlni; a iiiicriiitiiiilel In 
which, I'm' a meamiremeiil of eTfeclivcncMii, analyncM nl all cmiceiviihlc HJUIIIIIOIIH 

are imMciuied and a nnidel In which, lnr CUMI analyHii'., all Iho poHHlblo UHOH of 
each cniiiiniidliy are included,   In MIICII circuniMlance.M Hie evaluallfin of Mpecillc 
CIIHI and ellecliveiieMM I'an he hypiiHiicil-iir iililaincd hy iiiiplicallnn. 

Iliiwever, ,'uicii a Hollllloil IIIVCM ride In wiial IIIIM hecn duhiicd Ihc "Nmnlicr 
Mal'i'ler," llludlraled in Kli',, I,   Tlie ideas were hulll mi a Icclurc hy W. ROHH 

AHhhy.'l   One in cnncerned lierc wllh Ihc iiiinihcr nl elciucnlal inalhcnialical 
(arilhiiielicj npcrallnnn invnlved In Ihc cnnipiilallnn nl a Mingle answer; Ihc 
nuniher Is plnlled nn a rough loj^ Ion scale,   {''inure I shnws Hull niiinhers nl 
nperallnns I'lliltflng from Id' In 10ln mlghl he lerini'd Ihc "ciiiii|iuhll imial rillii',!1"; 
Irnm III1'1 In 10    , Ihc "iiHlrniinnilcal ran|',e"i and I'l'om 10 up, II enmhin 
nloj'llll riiii|>e,"   Ashhy has puinled mil lhal simple simulallnn Involvllin all Ihc 
deliills nl men, weapnns, and lerniln of a halliilimini/cd mill can. In principle, 
he Inaded mi a cnmpulcr lhal Is big enniii'Ji,   llnwcver, imyon imiulllocl In llml 
in|< the heul laclli1 hy Ihc simple minded prnccdnre nl Inveslliiallni1, all Ihc 
piiHHlhle hhilnries nl' cnimr.eiiienl/i has seleclcd a profJirimi Involvllin calculallmis 
numherlii|i, In Ih mhlnalnrial raiine, ci1,,, III"""' which, as Ashhy says In no- 
lahle iimlerslalemenl, is a very lai'i'r nuniher Indeed. (The nimiher III reprcscnls 
a Irueharrier, since II is Inciinccivahle lhal niic emild even apprmich Ihls nimilier 
nl calcuialinns-lel alnne exceed II,)  Ohvliiuiily Ihls is mil Ihc way In snlve 
prnhlenm,   A prescnl-day ciimpuler can prnducc III" calculiillniiH/hr,   The very 
fiiBlöHl cnmpulcr foroaoonblo In Ihe liilure of hardware loohnoloixy may prnduce 
iihnul lll>Hcalculiillnns/hr,   The |>iip helween ll)"nr III1" and III1"1" mmd he nver 
enme hy advimces In melhndnhiiiy, 

The mimher harrier can he nvercime hy applylnii, Ihese princlpleH:   (a) 
reduclinn In BOOpO nl' dcciMinii prnhlems acciipled, (h) creallve nhjeclll'lcaliiiii 

M1', W, LimclieMlcr, Alrcriili nml Wnrl'iirc, ('niiiiliihle A On,, hiiiiilnn, mill, Ollllp'li 
I'W, KnHH Alillhy, lilljii'i' iireMciilcil In Hccoml HynijHIHlllin III (leliei'ill HyuleillM Tlienrv,   ' 

OllBü IIIHIIIIIIC of Tecliauldiiy, Apr (III 
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Of mili'i'ncnni'cplH, mid (c) Ilic Impni'limt'i' luctliiidnlDny of Hie |jrüHürlpllVü lliodo 
of Inquiry. 

Iinpoi'iiiiicc mothodology la n alruloyiy of Houroh lor n Holutlon (uninng ilic 
conilillllllorllll |iii;:sil(llllii';.) Ihlll ullli/c;: («Xporil'IICC plllOCl li.V II Cliri'i'lll HlrillOgy 
lo Improvo llif Hli'iitciiy for (he noxl movo, HO Hint Ilic alruluiiy IJüüOIUüH mure 
offlüloill IIH the I'oul l.s iippi'Diiclicd.   The iminlicr uf uoiiipilllilloiiH CIIMIII'IIII1, mi 

Comblnaloiial 
Mlll(|tl 

AhlKMimnli dl 

I nin|i|llilll«lli|l 
1(111(11* 

Pig. 

Nuinboi ul 
nltiiiinnliil 

oporalloiti 
10 moil 

inlDO 

1100 

111" 

10« 

(l Slflipla ilmiilnllnM 

OAloinlr nvniilii nliii;)) 
nmlli millillllml 

(} Numbai o( nfomic parllclei 
0   NIHIIIHM  dl cllllKlt (|(IIMHH 

(]   liliiill i iiin|illliil I mill   „., 

Ö IHM WO, I In 

(| liniJi i IIIII|IIIIIII 

0 Mnnlnl iiillliiiiiiln 

M(illiii(lolii|iy 

Coiiiiiiiiiir toahnology 

ho NIIIIIIIIII Darrloi In IHIuinonlnl MullKiiiiullnil (IJIIIKIIIIIII', 

IIIVOIVBCI In CUIII|IIIIIIII,I ii Sliiijln Aiinwin 

|nll*i W   llotl Anlihy) 

iipllllllll llillllllllll llllll, 111 pi'llH'Ipli', III' l'ÜCllK'ÜCl III UHHUIllllllly lllU liilllll'lllllll ul 
llii' liilnl riiiiililiiiilni'liil piiM/illiillllcM,   II' llilii IH mil pmiMllili', n iilnili'iiy ul ml 
riiliillnii limy he piiniiicil Ihul piii'iinlouH mily nil Inipriivi'iiiciil uvn' the liml 
Klinwn Miililllnii liml Hull in,iv luivc n i'lilllc i'liiiiii'c In I'lml mi nplliiuil Miihillnii, 
Such ii fili'iil(f,y In rnlli'il "IHMII'IHIIC," 

TISCIINIQUIOS AIM'UCAIIU'; TO I'lKHILKM AIIKAH 

CiinMlili'i' now tllCl IIMI nl' pi'ulildm ni'i'iiK ul' Army riimmimil mul mimiip" 
mmil (MIM' llii' HI'I'IIIIII MII llllotl) In li'i'imi ul' Hit' li'i'linlipii'ii iippllrnhli' lu llicli' 
Miiluiliiii.  Tlii'iii' tin' lliili'il In Tiililn I, liii'Mllii'i' with lili'iilll'lmiiliin nl' upplltmbio 
miijnr liu'liiiliiiii'H iiml mi I'Hlimuli' nl' pruwoni Minimi nl' pnicllnililllly, II' miy, 



TADLE 1 

Mdjot T"cliiiir|ii«s Appllcablo io Problam Arnim and Sfntui 
o( Conooptualliallon and Pradtlcablllty 

l'iiililnin uron Appllcablo locbnlque CHIIIIIIIIN 

In,    \ll I I 1. Hl |>h>|>im Iii|! \villlnlilli 

iiiilliniv liiMiHirrnH 

Niiiillnniii iiiiiiiiiiiiiiiiliii!     Aviiiliilili' 

Sim hi h   {iiii|iriiiii- \., ,ii LiM 

IIIIMII 

llilii|4iM' |irii|'.i ' i|4i        \viilliilili' 
llllUIII 

liili rri {iliilililliilllllllt, Nnl  IIMIIIIIIIII 

IKIIIIIIIHIII 

Dyii niiili |iiii|iiiiiiiiiilii|i \wiil 

üiiiiililiiiiliiiiiil ri'iilinni'     Viillitlili 

ml |irii|tiiiimniii|ti 

ll'iivollliK'NiiliiHiiinii 
IIMlIlllllll 

I,ii|i.liiili'M ihi'nn 

IM|IIII-IIIII|IIII iiililh HI» 

III.ijili ilii'im 

IJlh'lil|i|; lln MI \ 

'\ Vllll Ulli (i 

>\villllllllll 

Pracllcablllty 
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llllll'H 
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HolllllllllH, Mini llillllil   iinlll- 
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VlII'lllllloH 

Miiiliih.il iiiiiil\ Min ui'll    I .linlii'il li\ iu iiilnliilih ii| 

ilnvi'liiiH'il iililn mill \i\ liii'li nl llii'iiH 

{ii'rilllllllljl il|i|illi illlnil  In 

ni'U mi'iiii 

(Hllll .11 Imm   II 
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..TADLE 1 (eonllnuod) 

Pfoblmn uroii A|i|iliHil)ln lochnlqua Cdncopu l'iin tu iilillily 

ii Hiiimi In' I .iiiiiniiiiiil mill HUM S|H'IIIII I'IIIM'|I|IIM l'i'iii'lii alili 
lllllllll IllillllH  llll'lll \ (lll\ I'llljll'lj 

InfiMiiiiilliiii rolrli'Viil,       NIMMIIMI Sii im« I'MIIIMJMIH'II 

lllllll  H\ IllllCHlM,   |llllll'lll 

HM llglllllllll 

(illlllli llll'iih \MIIIIIIIII' NIII HUH plili In illili'i l'Xl l'jll 
ilH i'Mhli   In liii'llliiiliilii|(\ 

1.   I'mlci imii iil iiiiin MI- I l'ri'II II|I|II in i'K ill I I In i'ii1 Lliiill in! win'ii' iivnll" Nu M) ni nil ill 11 ninlliiiil nvilll« 
linn min liiliiii'               in liiiii{iii"i IIIMIKI il iililn, niMnrl mil) In        uliln unildi i ii-iiplrs i mi 
li.iiiji In jil                       In iiii'imiiri<h nl i'lli'i I|I hiili'il linn HHIIIII-         illlhiiiHi (MH )iiiii|ilii Imllh' 

live , nil li'i'li nliilimil                             Ill  |iiii|i'i Inil, nllii'l 
llli|lll'ii  IHVUIVIHI III llllllln «INI1 lilljirK   "llllllljilri I'" 
Mimli'li  InviiUi' Inrl' |IIII|I'I lii'ii'i 

lnvi I nl i iinipll! itllniil 

Pi,    I'lnillllll il lll"il| Illlllll.in I il  iilllhl' :|l'|l|l'l', \ I'H   llllllll'll ilii III  |i|ill|lll lllll- 

ini'immjiliil iiml ii|i{ili'     i'\|ii'iiiiii'ii|ii IIIIIIIIMII liiiiiiniih'liih       ih iiml II i riMii Hull 
I lllllll  lllllll  fill                                                                                             llllp||l||||l|||lMl                                ill   |l||Vl|lllllll|i|ll   In  I'Vpl II 

llinilNIII'IIN nl lllllllilh  I lirillli'l  limll'l'il I 
I'fli'rllvi'iii'Mi mill mil iimli'i i milnil 

H'IIIM nl liiiinuilimm 

ii,  in ni'iiil iliMihli'i' Druiiin nl <iiliiiiii>iililr,      Smiiii pniHrcHHi prlmm     I'riiiilinlilii In IIIIIIIIMI up 

nl inn l mi hi m v iipni'ii ninimiiiiiliil, nml prm         iK iiiihilh             jilli nllnii 
I imiii II nr nl i Ii in rill- IM  i I'll   im II 1111 li'iii|||i|>         I Inn'nl 

iiil.iI'Mii I in lim i i innliM nn 

i I'liiimh 

,'.   Iii'iii'iiil ilnhlili'i Im H'IIHI' MI Mimpii' 'MIIIIIIIIII llii'plllill      i .IIIIIIIMI |i\    pilim illlil 

nlinn inpi'iiiliiMin ir linnnvi nrM' iiii'l iinl l\  llllillnil i iiiii|iiilri phi|iriiiiiliilll 

III'IIII Ii ini'lliiiilii|ii|n I        I'llM ilrinil 

II,   \nlmimlii'iliiln prm   Mnllinil II( pini'i'NMitiH       I.IIIIIIIMI Nnl imw prm Ih iilili' 
I'MMIIIII, ninl iiiilminil nml i'nllli'Viil nl 

ml mli'lhiii'iii i' Iiilnn       liifmiiiiilmn 
liu Inilnn i njinilui' 

ihi'nn , 'i\ MII'IIIM 

iliniiM i piillmii 11" 
i nimilimil 

'i.   In I mm llmi <il MMII- pi in ml Iiiilili>[iii|i| I lilmi linjirni llrnliln ininiipiM 
liiiOniii  nml im In nl        piulili'in iiviilliilili> m i um iiplimlli 
fnrlnl'H IIIIIIIIMI 

III,   Miiiiiirriiii in imiii i      \ nlni' IIM'HM , iii{iiiiii/ii     HiiK  liiiiiiilnllnn ' mi Snl H'l phli'lli nlili't iljijill 
Imn lln nn , i niiinlhi'       i I'plM iiMillnliln rnliillh ul »llimlilllnii 
lln nn I iniiii il 

II,   WmTiiiilnlili'mm m      I nimiliM' lli ) ninl IIIIIIIIIMI, |'iii|i|lrii itiii|iii     I'ini in nlilr mm iiiiiinili'ln 
iiiiiili>|ii nl i iiiiilinl llii'iirt nl npiinii/iiimn      iniillimiiii IIIIIIIIIIMI In IMMIIIIIUI In 

iiliiiirmi 
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POHECASTB or TKCIINICAL DISVELOPMKNTS 

Qoneral ProcIlctloiiB 

Strong liitliiiiillniiM iiii'i'i'iitly iii;iy ho dlHüoniocl tluil opuriilloiiH rtiytnircli 
and IIH iilllod floldn (miiiiiiiiciiiciil HL'IOIU'C1, cybcriiPlIcH, Honornl HyHk'iiiH Ihoory, 
büluivlünil science, coinpulür SCICIKCM, uncl IIKKIITM nmtluMimlli'H nlHplinil/.i 
llun) arc ciinvci'i'.liii', lowiird a iiomnioti niDlIiodolDKU'iil und Inlcllci tuiil Innovullun 
an Iniiovulloii cxpcclcd \n accclci'alc i'.rcally lliu rnlt' nl i'cncrallun of new will'« 
runtablo and iippllcablc Ihoury, i.e., Ihoory or niodulH of Ihc lype iioudod in 
pi'ixhii'e inacroiiKKieln llial are prncllcalile for (he Mullilloii of prohlülilH.   The 
liiiKiviillon aitiiiinilM Id a MyMleinallc procesM for Uli' L'olUrol and iiHidllleallnii nl 
Ihe ulralei'.y ^ Iheoi'lzliii1,,   Al lilt) prcMcnl Ihnc [hin dlralei'.y lH iippllud by each 
InvoHllgiilor liilulllvely and t'ovüi'lly, bill wayn are bt'idiiiiliiH lo bi1 l'ouncl of HO 

devlHlni1, liieory llial II will currecl and pcrlecl IIHOII In Hu iilcsl of a MCI ol 
Minre |(eiieriil Cdiicepln and minim,   In MIICII a cnnle.sl Ihe nlralenv of perl'eclhin 
of llie Ihoory boi'.omoH an ovorl pari of Ihe prnceMii,   Porfcidlon of nu'liillioory 
t)f Ihld lype lieen Ihe hiVtiHtlglllor In apply hin Inlclleclnal eiieir.lcn nn a innre 
lieneral level liy iiiiiklni1, rnnllindy applied iirlH nl' npcrallniiM llial nnce Inlally 
nccnpled hin allenllnii,   Till1 iiiellind, leriiieil a "iinrinallve" or "preticrlpllvc" 
modo nl' liiquiry, liicliideii and MiipplanlM provlounly dovtdopod mollioclH nl' Inclc, 
emplrlclfim, and nlijeclivliini,  The leriiin "gonoriil HyHloiiiH anpecr In cen 
iM'iil Mynleinn Ihenry, and "hi'iirlnllc priiitraiiiinlnr," In Ihe cninpiilcr Hi'lülU'oH 
Ideiilll'y Ihe enieri'enl Iniinvnilnn, which lllHO relaleM In Ihe principle nl npllniailly 
nl' dynanilc progriiiiiiuliiH;, 

II IM predicted lhal die iremi düHi'rlbod horo Inward nllll/allnn nl preMcrlp 
llvo Inquiry will he Hlgnlflciinlly develnped diiriiifJi die noxl 20 yean, and lhal Ihn 
dlMclpllneM clled will lieciinie cuiiiplelcly nverlapped,   A lii'W epncli can be fore 
fieeii, in which Ihe grunl cnllnral advaiicci will bo made In proHi'rlpllve llehh. 
Thai epoch will g/iicluiilly replace loidinulogy IIH Ihe IIIOHI fruitful urt'ii for pmi1, 
re.'i.'i,   Although IIH many IIH BO yoni'H may be roqulrod for Ihe mnUirutlon of IhlH 
epncli, the HigllH nl' HM cninhii1, Mlmnld lie appareni In all In IIH lew an 20 yearn, 
The Mclencc nl' mmillgomoiit, I'nr IIH pari, Will henelll directly, and the Immva 
tlnmi iippüiirliig in mnnaguiiionl will oulwulgh all othor ImioviillotiH of Icchnology, 

An a cnniilary In thin opinion, Hie Hiippnrl nl' |{^|) In all Ihe IICIIIM named 
almve will cnntrlliiite Inward the allalnmeiil nl UIIM aclilevcmeiit, and the Hum 
Mcale of ai'lile\eiiieiit will naturally depend mi the level nl' mippiirl. 

Advance,1! In TodlllikjUOH of Operallnmi RoHCiirch 

PeclKlnn AI|',nrlthmM,   The main adviinccH In iiUJlliodologk'iil renearcli nn 
Imprnviiii1, teclinlipieii nl'nperallnnn reiieiirch In Ihe Hlmrl rimi'n (0 In 'I yearn) 
will cniitlmie In lie In Ihe goiiorill lU'Ull nl' declnlnn lllgorllllillH,   The develnpnient 
and onlitrgomonl of loidilllquoM nl' nnnllneiir inollioclolngyi partlciilarly nniillnear 
progrnnulling (iillncatlnn of I'OHOIHTOH In which nllltly und roHtralnl I'lini'tloiiH 
are nnnllneiir), Will lie heavily explnlted,   (Iraph Ihenry, now ntlll/ed In n rndt 
meiitnry miinimr by the Prognim Mvalnallnn llovlow Toohnlque ^PEHT) nmiuigo« 
nmnt syalom, will altaln noUiblß onliirgomonl, and the lumic I'niindiitlniui will he 
laid I'nr. Inter cxplnllallnn, 



Tlii' UMC ol' iiipiii (iiii|iiii IIIIU|I>IH will Inci'uuBo boüauso of iidvnncoa in tlic 
collodion mul Inlorprolnllon ol' cliün, which will lllumlnnlo Iho IniicIoquacloH 
of pocHciil liipul-oulpul modoai mul Iho uvalltiblllly of bollor diiln will mal''   - 
worth while Iho forniuliilion i»l mut'h more Bophlfllicalod ouonomlo modo' 

There will he Uli IncroilHOCi line of liile|',ei' pi'di'.riiiiimini1,   both llneai' iliui 
nunllnoar. SlurhaHlIc progrummlny will be niiVeeMMliiily upplied In a larKo 
i'laMii of pi'olilem.'i.   Meiin.i will be l'ouiul fur priielinil iipproxliiiale H()liil!on In 
iiKideln having nil the iirder nl 101)0 HlatoH, 

Combinatorial propamilllnH will lie advanced nmceplnally and iiieaiiM will 
he found hu' (iloBod Hdlnlldti of a i'iidlinenlai'v iiel nl pi'iiellcal probloniH, 

Dynamit! programmliiB will contlmio to be dovolopcd, althouyi'h UM lull 
maturity IM nol forociiBl nnlll lator llmo porlocla.  The liioluBlun of «patlal 
(linear und nonllnoar) MldcluiMlIc and dynamic programmliiK will be achieved 
for relatively Hlinple modol». 

Mldi'ani'.e ('I Id II yearn) prii|',reMM will pr ed along Ihene Maine linos, 
The llfelline nl expldllalliin dl any olio lechnlqne tieeinn In be mi Ihe nrder of 
7 In 10 yeitni, im thai poal uhailHOB are mil üxpocUocl nnlll nearly the onrl nl 
IhlM perliid, which II In IhoilKhl will be clinraclerl/ed by exlennldiiM of CXIMIIIII1, 

lochnlquos In tako adviinlap,e of pronreü,'! In the cdinpiillnr, arbi,   Mnear and 
iidiillnear pronrammlllß lor probloma mi Ihe nrder of 1)000 In 10,000 varlablUH 
will be prncllcal, bill Ihe iidviiiilii|{eM will be dl' Ihe iniiri'Jnnl  Improvomonl kind, 
Tin* primary ooncioplual advanoomonl will be in Ihe pnoral I'lold nl' cnmblna 
Idi'liil progTammlnB ((jraph Ihoory plim proKninimlni-1,). ('dinpnlalliinal ali'.nrllhniH 
for npallal-dynamic projiranifl will nppear, and prncllcal dynamic pnifj'tiniH 
InvolvlllH 10 Id 100 Mpallal viirlablen will IK1 develnped. 

Ilenrbillc alitdi'llliniM will become more commonplace,   (Thene alpnrllhmM 
do nol neceMMiirlly fin I Ihe optimal nolnllon In cloned form; Ihey will alwnyH 
find beller HOIIIIIOIIH, nowever, and Ihey may have a llnile probability ol llnd- 
Ini; Ihe exacl Molnllon,) 

1,011 (i-rimlie and very lone,■■ ranne ^'1 '') 'M) yenm) proi'.i'enn In Ihe develop- 
menl of declMlon ali'orilhmH will be Hlronnly Inlbienced by Ihe pr()(JfroHH In Iwo 
olher areim;   Ihe compnler Mclencen and Inl'ormallon-relrleva! paltf'rn ri'Cn|i- 
nlllon.   The InnovallonM conMlllnllni1, notable advance will be Ihe appearance ol' 
declMlon iil|iorllliinM thai make nne of Ihe prlnclplen of pallern i'ücopltloii In 
Ihe proceMM of ImprovbiH tholr HtralojtlüH for tionvtii'nuncti lo Ihe Holullon,   I'IIIM 

kind of prnblem nnlvlni1, will lie under developmenl and oxploltatlon lor many 
HUbHoquonl yearn,   The loreciiMl here IM Ihal II will mnke HM llrnl prncllcal 
appearance In Ihe II -lo-M-year period, 

Value and policy Delermlnallon,   In Ihe nhorl  ran|ie period, reMearcli In 
value Ihedry will be acceleraled and Ihe Imindalliinn of value theory will be 
enlablliihed, operailonn roHonroh on policy dolfjrmlnation will bogln lo nppoar. 
Man iiiniideld for economic and vnliie meannren will be lined lo a |i,reiiler oxtoilt, 
Altliniilji Ihe Irend of developmenl of mar|i,hiiil amilynln will ciinllnne In ooo- 
nomlcM, moro ntlontlon will be glvon lo hollBlla Ihoorlds-l'ollowliiu Ihe IOCHM 

of ntlontlon on IIIOBO thoorloa glvon by value Ihoory, 
Mldnmn^ and hmu-run^o pronritHH will eonnlHl of Ihe dovolopmonl of 

practical operallomi reHearch mcthodolony In Ihe realm of policy and In nroilH. 
where maiiai;imi(*iii jioabi and stralogloH are not fully dolorminablo, Nucli ariaiH 
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ine maiKii'.ciiiiTii dl rosoiu'chj iiivi'Mimriii prognuiiB, cllaburöomoiil of charily 
und wolfnru fmuis, ciommunlly projouls, üclucalloii, mid lulvorllnlnK. Vuluo 
sclt'iico-lho ni'lcncc of iiionBurlng tho vnluoa held by n syslon) IIH nn objocl- 
will bouomu inin'c highly dovolnpod. Such dovolopmonl will cnnlrlhulo to tho 
teuhnlquoH of clotüniilnlnii nuniui'lcnl moiiHuroa of offcu'llvonoHH.  In Iho very 
long nmi'.c pi'iioil policy I'OHPiirch will clovdop lo an npprcciiililc (lenrcc,   (Sncl) 
rcMcnrcli (MinHllliiloH u Service lo an InHllluilon ptwnillülliin Hit1 HDI'VICOH of a 
paychUilrlöl In an Itullvlclual.) 

Oi'i'.aiii/allniial and SyMi'iiilc Mcamii'i'H and 'IVchiiiiiiioH,   AdviilK'OH of 
IcuhiiTqiit'H will hi1 I'lirribcl mil on Bovoi'til l^ul>,"!  t'yljonu'lTcH, gonoral HVIICIUM 

Lhoory, lichavldi'al Bdonuo, and Lho üompulor   ^liLMicoH, an well an Hie manago- 
nu'id lU'iciu'cM, An huironalny; amounl of uontiopluul rriicairli will ho fot'iiHod 
nn Inlnnnaliiiii I'tilrloval und jialtcni i'ücognlllon,  Shorl-i'iniKu IUIVUHCOH will 
COIIHIMI ill clovulopmonl of lhoory and npüclallKüd harclwaru Ihnl ran "rpnci" 
viu'loiiö Hülüclüd lypufaoüH nntl rotiognlüo wordn,  Midi'ini',i'and long raiiKü 
oxploltnllon iil' Hihi lochnlquo will ho the appoaruncn of npindal mnchlnoH thai 
ran Ht'iin nowapapoi'« or othor prlnl Im' pallornH of worcla and clülucl any t\\\\- 
nlllranl clmntJCOH in IhoHO palloriiö.   Vory hmi', raimi1 duvolopmonl may liu'ludo 
ihr oiilpul iil fii'vri'al palloni-Hüiu'c'hliiH niachlnuH of rllfforunl lypcH (prlnl, 
Hinind, radar ocho, olu,) Inlo ono compoHllu "InlolllKonco" miichlno,  'PhoHO 
mariiini'M will ho i'iidlmoiUary, comparod with nian'H nblllly-ljul ihcy may bo 
practical in Iho flltorlnn; ol iiirgo qunnlllloH of low-grado Informallon, mr,., tho 
froqiiüiicy of occurronco of wnrdi-i In a l'nndun nowapapoi' or worda ultorod ovor 
Hu1 radio, 

Tin' m'i'.imi/.iilliin will Im looked on more and more an an orn;iiiilam. 
MoiiHiiroH of Ihi' I'liararlrrinlir ayalonia roaponao will bo porfcclcd an dial Ita 
viability with roapocl In aolviny; dlfforonl claaaoa of problümatlc HlUinllona 
will hi' prodlclablo,  The man-machine aapucta, parlinilarly in the dealgn of 
rnmiminlralliiii nota and Information I'lllora, will be aubjecl In aucceaarui appll- 
calhin nf oporatlona roaoareh, 

IVIarlilni' lanpago triinaliillon, In a apGclullssocl aenao, ippoara practical 
in tho mid ran go porlod If aupporlod now. Thla proauppoaea tho Invenllon of, 
any, a apöcTiiTlüod military languaii'o und mllllary vocabnlary-alony llnea 
almllur in nnutlcal flag Bl(jcnala and radio Internnllonnl coclea. Machlnea of 
IIIIM type would bo particularly uaeful In altuatlona whore repreaontatlvea of 
aeveral natlona an' ün(Jfay;ocl In Jolnl mllllary oporallona, 

Area of Doc I a Ion Modojw, The ahfirl-ramie porlod will aee the foundatlona 
nr ilir prcni'i'lpllvi' mudc iii1 i   'iii'" appeal',  TIICHC fiijufamonlala will gradually 
dlffuae Inlo uae in the practical ucllvllloa of npernlloriH reaearch aclentlalaj 
und will hi' oxplollod In tho mldnmi'i1 and hiiiH-range perloda, 

Hlnuihillnn (und computor Hiimlni1,) will oblaln Impütua from clovelopmenla 
in computer harclwaro ami computer programming,  A compulor almuluilnn 
hyporlanH'uag'e haa appoarocl Ihm year, bul n in inn ourly in aaaoaa UM ulilliy, 
Slmulallon him boen lute In hnvlnn a hyporlanpiiKO available I'm' II,  An a roaull, 
Hlmiihillnn programmlug haa boeii clone in compulor languago-lho moat olo- 
monlary mid alowosl way lo program. Somo apoulal Hlmiihillnn languagoH hnve 
boon umui, but, by design, had loo narrow an applloatlon lo bo gonorally imel'iil, 
Tim iiiini'i I'liniii' porlod will aeo lho umorgonoo of goiiörallKocl almulallon nom- 
puler languago, which will roaull In a Bpooclup of programming by a fncloi1 of 



10,   Tins ciipahlllly will he I'lii'lhcr onlmtu'cd In liic inldrimnc period with Ilic 
porfoallon of Blmulallon computor langutigciB roaulllug in n spooduij by n fnolor 
of aboul 100. 

IncroftBod UHI» for almuIiUlon purpasoa of upeolallzod oonipulor tvnollliiry 
oqulpmonl will ocouri TIIIH spoclnl oqulpmonl will bo UHOCI In spood up und 
IrmmliilQ Iho Inpul-oulpul coiiiniunlcutlon bolwoon Iho niinlyal und the compulor, 
Equlpmonl of Ihis luiluro Is now [ivullublo,bul its aosl—mitl the üOSI of progrum- 
mlrig Bupporl needed in oxploll ll-hiiB boon HO j'oltUlvoly high lhal llllle UHO IIIIH 

developed no fur, Tills type of et|iilpnienl will hecome eoninionplin'e liy tho mid 
nini'c period, 

The IncroilflOd UBS of Mlimilnllon Will idrenidlien Hie need I'm' redueed 
nuu'i'oniodtdM; Hie opemllon of Hie Mlniuliillon will eomdllule a HOUJ'üfl of ni'li 
fli'lal experience llml will lend lo ii|.',|ire(iided eonceplH,  Sludlos oi I'.eiicrnll/.ed 
theory will iiccelenile thin procenn.  The emergence of iinlfylni» uOIUioplB In 
nmcromodolfl of nillllury foruoa will rennli, ThlH will bo n nlow proooaa und 
will boglll lo he nollced IIH n norniiil procedure In the very loiig-railp period, 

(.'ompulerH und Conipnler I'i'oii'rimmiini./ 

Mince Iho developineiil of coiupulerH und compulor programming deler- 
mlnoH lo ii high degree (he developmonl of other loohniquoa, II IM upproprlalo 
lo iilve apoclal nllenllon lo Ihin field,  Al prosonl hnrdwnre developmenlH nlnied 
ill fiiMler und more rellnhle elemenlH lire iMiiplniMl/ed,   llnrdwnre developmenlM 
iiiive miiHlripped Iho computer programming dovolopmonl Ity 0 lo 7 yoara.  in 
terma of tho average "gonoratlon lifeilme" of n computer deslp, progrnmmlng 
IH then n gonoratlon-al loaat-behlnd hardware, Thua spoulflcalloiiH of hnrd- 
wnre are determined more by onglnoerfl Hum by tho progrnmmora who use the 
machlnoB,   The nice for fimler miichlneH In approaching the polnl where the 
apatlal dlmonalona of tho machlno will uffeel the lime phunini1, of ila oporntlon 
(bocauao of Ihe finite apood of eleclromui'iietlc PIIIHCH),  When ihin condition In 
reuched-opernllon tlmoa on tho order of Ihe Hl/,e of Ihe machine divided liy the 
speed of light, or 300 cm/(3x lü1" cm/sec) ~ 10"" aec-the technology will have 
lo look lo mime other meuiiH of apoodlng up compidulloniil procoaaoHi 

The next 10 lo 1(4 yeurn (short- und mldrangG periods) Should nee Ihe up- 
ponrance of half-microsecond (50 llmos ihe limit given in the procodlnii pnrn- 
I'.ruph-whlch iHimt II dlnllncl go-no-go limit) memory un fulrly ntuiuliiril.  Such 
II memory nl/e will contain several 32,000 modules-and Ihe cont of iiperiiilm> 
will go up, Spoclal-rüglator, imilllcmitrol, und polymorphic machines will ulim 
uppcur in greater numbers, although these features will not he widely oxplullod» 
because ihe programming urt in laggingi Such mnchinoa will he uppiied in lar(j[e- 
scale production und roal-timo duiii processing. The reul time dulu processing 
will provide mont of ihe impetus fur the dovolopmonl of maohtnos with mui'ii 
parallel proooaalng (polymorphic), Thin urea him been well fundocl becnuao of 
the heavy expendllnren In our npuce progranii 

In general, tlioso muchinen will he tloalgnod for the hardware needs of 
npuce traoklng nynlemn. Although (hey will roproaonl dovolopmonta of out 
Hlandlng quality, they will nol nooesHarlly repreionl the ideal oompullng Byatoma 
to HallHl'y Army re(|iiiremeiiln,  Tlnin far Ihe low Inpnl-onlpul "Hclenlifii'" (1,0,, 
one-unnwer outpul) und Ihe dulu proooaiillg (hiiHliienn operaliiiiiH) miichlneH have 
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(Iiimliiali'd ihr Held,   II' Ihr Anny üOlUllHIOS ><> nllow nil I' in CPlll" 
pulci'H Id In- iiiiilci'U'rlllcn hy (illici' HCI'VICCH mul by Indus». .1 0011- 
UlUlO ID IlllVO In OQIIVOI'I hiind-inc-dowii clO(JljJ|11fl I'nr IIH imrpoHrs ;md lo ulilidn 
a pool1 in lo Ho roqulronioiUH ul boal. 

II Hie ll^'I) IH Bupporlod, Hu1 IdiiiMMiinc mid very loiig-i'iuiBo porlociö could 
Mcc Hie aiipcaraiici1 ul liifji speed, IOW-COHI, Hiiiall, hlgh-üupnolty, i'ollllblo, 
pdlyiiidi'pliic cdiupuii'i'M deriving Ihoao ühnriiülüi'lallca fi'oni micrnmlnlaUirl/a- 
Unn-liO., I'li'cuiiH and IrmiBlalorH made on piMiUlMB-proHB-lypo inachlncH,  Bo- 
caiiHt1 llio Individual oloniOhl made liy Ihm pi'OOOSH wnidd have a low rellidilllly 
{■• (II) percenl) Hie clrcullH wmddJjiU'e Id he highly redundmil,   The level of 
I'edundaney Hhoillcl he Much lhal Ihe (Njinpuler would fullOllOll Willi lit) Id 7!i pei'- 
eenl ul MM (demenlM liidperallye,   TlnNv.'hdl mpiilei' imuhde WOUld he expend- 
ahle;  when IIM rellahlilly or limelldiilniVJiilled, II would he dlMcarded,   In 0011 
eepl Hie ciaiipiilei' nhdiild he devdi'.ned ai'dimd Ihe needn ul Ihe jiniip'ammei', and 
In pai'iicnlar iiround tho needn Lr pi'otfi'unuiiliH? niicl funolloiilng of Iho pullorii" 
I'oc'oifllllloii dpenilldii,  Such a üBnipiltor OOllld Horvo Hie Army'M needH In Ihe 
many lll'uilH of dula relrleval lUKlXllUülllilolloo MynlheiilM wllh which II hi cdii- 
cenied,  The auldinalliin dl' dalii'iXiiidllnii, dpenilliiim In Ihe I'dmnnind and 0011« 
Inil hiddei' would bo iii'eally nooolw'fttod by nmdi a develupmenl, 

AM a cdi'ollnry, imy device IhaXcdnli'lhuleM In Ihogo dnlii-i'eli'leval mid 
liilolllffoiiüo-syiUhosls urons will tilBy BOI'Vö UM a uaoful lool for Iho oporniiloiifl 
iiiuilyHi, Hlnce he in Booking lo poi'faj'in UIOBO very Biinio oporntlons—or lo 
learn Imw Ihoao opoi'ttllona may he poreoi'mod—for Ihe Army, 

AM HI Ml of neneral-purpiiMe cdXipnlei' ImdullalldiiM IncreiiMeM, more 
mid miii'e liiHillulldiiM will he priced milXl compnler openilldii and will have In 
depend nioro and innre Oil llU'p OOtlUuil c\iiipiiler-Hervlce QI'pnlssalloilH,   TheHe 
Will heciime mure aulnmaled, until hy 'he rong-ningo perlnd Ihe cdinpuler- 
proceMMliii1, fiervlce will he much like Ihe leKphdiie Mynlem,   Ülacli HiiliHcrlhei' 
will he Malelllled onlo Ihe inajor cdmpulcr h.wilala IIIIRM and peripheral Inpul- 
iiulpul devlcen,   The whole dperallon will he tlXnU'ollod hy a mauler compnler 
moiillor lhal Will receive, uaglgn lo a compuleiX «lore, prueeMM, correel Home 
klnda of codlnn crroni, Improve |)ro|iritmmln|i' CWICH, CdHl-iicediinl, IraiiHmll 
amiwerM (and djierailiiK üodos If imKed), and hill Ihe cllenl, 

The prognuiimingnrl in thci I.oil decade IIIIH ahown a faulor-of-lOO Incroiiao 
In efficiency Ihl'OUHh Hie devidopiuenl of iil|>,ehralc limyungoa and comiillliii1, ol 
liy|)erliiii|',iiii|i,eH,  Thin Irend will he acceleniled,   The nexl decade will nee Hie 
appeiirmice of proiiriiniH lhal Improvo lliomaolvoa an Ihey operale. Hpeclal 
pro^riimmliii', developmenlM for Ihe field of pnllern reeoitnllliin will he exploited 
In Ihe Hdence of proj<riimmlii(i IlKeil, 

KOHKCAMT ADVANOWH IN AllMY I'lloHM'iM AlllBAS 

We HIIIIII now allenipi |o IriiiiHlule IhOBO lechnlciil iidviiiice/i Into advaiHNvm 
In Ihe arl of IIOIVIIIK prohlenm of dlrecl InlereMl lo Ihe Army hy npplyhiK fol'O« 
CIIHIH lo Tnhle li   (Nimiherii refer lo prohlem III'IMIM listed In Tuhle I.) 

I,  Allociillon lechnl(|iitm will Im nvimnilly iidvummd Ihrougfll Iho nhorl- 
IMllip and mldranii.e perlodK,  Thin In IIIHII true of military COHI mmlypihi except 
hmofar an II dependH on Mlimilallon,  Since miijor iidvimceH In Hlimiliillon urn 
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not foroaoen until ivourly i| u IHTJIIIHIII. üI UIü loii]  i, H.M M . 
iilg IIIKI mlllliiry-cl'l'ccllvi   < , , cloti firiiiml will luij Ix hin I I 
Mlnillllitlnrwiird lUloüillloi   ii'nl)!! m    (whci'i     - I    uul i ih ■ 

2.   HK'I) niiiniii'.i'iiicn' iinihlt'ni < '!  Ihr Hlmri  IMIH    | ■ 
Blclorocl bnsie rofloiu'chi h jwovor, i ciMiifnir.iifd .n n (hicin 
rcHiill In n mnn» Hiilhilacl  i \ nu'llmd m HIMMMIIDII 11 HK  nmli .u,,'!' pt-i  i 

II,    MülIHlll'CH III'  mill' I. V  I'llc  ll< ilir;,»  Will  lit'  lllllll.'lllul     I   |i.l  Kill   I   ' 

In llii1 tk'vchtpn'i'iil ni Mini ' ii ,i   ,i ih   ii.i, ,11,11,1   11,1, i,,,!    \>\. 
lii'iihlcniH In lliln i'iili'i'.nry llHa Hll'uii^iy di'iKMitiiN m  iln ii| in-nj 
hnlllcl'lcld moclolBi which- Htliinii'ii nni tin    nhji 1 1 iij will l,i( 
iici'dcriitcd by Ihc uviiihil Illy ul HuHlhli   ihmd ill m ,1     mn  • id 
"QXpOl'lGnflO," Will lead hi     tuillVO lliliillhiii     \i , 1   .ill hi 
Ol'lltOtl lind Will ÖOlllü llllO lillurllj Hl Ihn vcn |MI     '   :   1  iicrmd 

'1,   Projoütlon of Inilti  dloni  Inlti rulun iiiiliiHirhb will ninltnuc h' 
nni1 Bt0|1 lii'hlnd clüVelopilK 1   "1 i'i'MJ li.iiih' niiKhd i 

0,    Till' lll'lldlll'llDll III    IMIilM'.ilili1 ihl.l   IVlll (|l Mir (     l;il«'lii( 
1 j 

ilhli' iiindidM I'm' OXU'UpülllI   ill.   null ii'd urn 
Ol'lltO dlllll für iiiiiiillillhin 1  |)Ul 1   'Ui* < h hirr    in lln   1 mn 1 1 1 ill 1    pi i um n 
di'iilnn will yield li'iijiicnilp   ^ iinprovtiiiiciil in lln >III.I! 

Oi   Mndidii I'm' dcclnhiii uiiih ! unciTimnty will rciircucni a mi  ! • :i 

CiäVelOpmeiUi   DOClHhin IIHH1 r iiiui'rl.iiii il.il :       1 mi.hin- 
nrdlnary I'lilliMr 1 hau nnliin     Qui in'cHi'iil li'ilaikiui    irtainii; a 1 lV|i 

yourH In llio fuluro Willi lh    uimi  rlctail ai  in di m  im 1    r.i 
CioltlllSCi und pi'OülBG prahll! Hllh  1 nl niilciani ( 

Used In MUI'II pi'nji'i'h'd Mia 1 H mil 11 HIM I lln   aihi 1   ni  1 
I'liiici'plH I'm' nnrh a l'tipi'i 1   nlal Inn arr I \u^ 11    l'i n 1 
Will bo niadi' In Iho nhmd     injic pn nid and di'\ 1 ln|  m H 

pi'i'liid, 
7,   Inri't'iini'in i'iiiiipi   hi-nidvcncHH and ii'ah  in  ilii.iu ' ill ili'pi'iid 
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