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ARITRACT

In pameive barget tanging sbowrd & ouclear sEEsck seboarine saveral analyrical precedurea exisk for ssbimating a
single wariable, snd Ehe astieatos which ere obtained ag a gives btioe frequently do oot agese. Typically, tha Coemanding
Officer fodusesd on one or bwe of these escisaced, thus failisg to wrilise sddicional inforsecica that is, in prisciplas,
availeble. To sddress this problem, an isreraccive Bayeslen desisics aid compuces @ single pooled estimate of Cirgpet
canpe, [ogecher with am aseent of ics probable accuracy. The aid cam operane elcher sursdacically oc by interpa-
FRCIRE dubjective jodgeents concerning he walldity of che esrimares being pooled,

uanticaclve tesra wich pre-recorded at-sea deca (Ramgex =78 and [-79) eweluaced che ald wich objective isgucs,
subjeccive inputs, and & mix of che two. It was found that sptimates compated by che poolimg atd dn bl chree of
these modes were consletently more accurate than EAST, HMATE, snd Ekelwrd rTanging procedures aad the Command scaff® s
unalded best gusas as Ce taTget range., MHexioum accuTacy wae cabbmined whes Comsand staff subjective judgments were
combined with objsccively ssseased parsssters.

Forsal anelysis of the seasibivity of pooling sccucecy Lo @rrora in inpubs sugpests EBat the advantage of poolimg
ovier celissce on @ sisgle eatisace will Ba extresely rfobusk ower & wide range of condidions.

INTFODUCTTION m

Tha wffscsi of ardd decimt aitds may ba Tha requl * of in = Tanad
gfsanced by a growing seoas of cthaic Msdcation. antiaubsarcine waifare |[ASW] Lfrposes commtraints on tha
Simss Fabijective® mmthods can saldom addredd sere Ehan gemlity af iafarsation oailable B tha attaskl=g plate
pact of 4 cmplax problim;, porascsiptira aids are appoe= £ Fox le, data prowided by pazaive aenscca
pristely Iepardesd nok 48 "kede-ie-dlls™ bot a8 fal- [which 4 ndt alert the snmy] is weoally less good
Lible "sdvisora® (Pattesson el al., D96l1). The deci- thin data that oould ba cbtained by actively plngisg.
sios maker's own experlence 4y be the bast (or oAly) Pamersid Eechalgnes are available For etcacking Lnfer=
soaroe of relevant isforsation ln pome BaCCErs {@.g-, patica regarding ehe loceticn and mceies of 34 EBacget =
uncertainty abewt the intencions of a military foe. oe based on Al fferent aapucts of the dike (@.g.; basasing,
the ompetense of &En OpEFAEaF Sepplylng Tange savi- istaralty, asgle betwsan diFest and ceflocted soasd
matanl, whils an syolesively "fsctual® sppEoach could paths) and mslmg &fFerent analykizal tocls apd aoaoeg—
be facally incmplete. thons. Typloally {since cheir sources of @FFOF ATE

both pronceosd  and  Eifarest) thiy prodobe  quibe

Ta sarn the Commasder's trwet, a decisdon  ada diverse eotlmyvtes of targes rasge. The Commander,.
must: display svidence as wall an conolupicons, AGCOEEG— monethelegs, monT oee thesn astimates b0 sake orieicsl
dsting Riz cagossts far informatiom st any levsl of depiglong raqarding approach sanewwerd and  ciwe  of
dutall |e.g.; #roa réw bascing dats o targuE Tasge fiee - decisioss whloh are hesvily depesdent on his
entimates to “probability of kill"). Sooh sdds will asseismant of rangt-related rigks Je.9-. comberdeten—
allow ths Coemsndsr To intarposs him own  asssasmants wion) amd opportunitiss {(e-9., probability of a hitl-
in additics 0 or in place of default wmises ot any
leval. Bot they will capidly and syetesscically inte= h ourrent tool for informally Gntegratisg warioas
grats dubjmctive inputs with tha céjective dats that rangs pelutions im the Time Bangs (T/R] Flok, on uhich
acm cataized. i Tange astimtes labalied by source ars plecbsd (usosl-

ly by hand] against tims. The T/R Flot falls shart aof

In this ceport we tast tha !lu:l.'h!.l.thr abl a probas whist ooald be ashisvsd by mors m:-h!.-:ll.l.'f: intagrat=
Bllisklz afid which halps tha Coosander of & moclaar ing daks shout target Tange)
B TS " lisats nodey idnd Soeatizas incons
gigeant iofoomation aboet Eecrget rasge.  Within this s It provides no sssorance thet &ll tha infommas=
ppEalal conbest, we Eask the hepotbesis thak [galbs tica in the warious ranglng beshnigied lx ubi=
aslde from asy ispact en waar accepERnce] lecorpere= lirmd, Cosfrostsd with a divergent @et of
tlon of Comsand taff Judgeents (5 sddleics o abjes- antisatan, the 0 im likaly slthar @0 SdbEpend
givm Mwia oan  enhance Ehe quankibsbive aooerasy af judgmant  about s ar bo fsous oo anly one
dnciadon sid owtger.t or twn of the emilehle aceizebes.
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® Thars ia no sxplicit emadess aof overall cenga
solution gquallty, Aa & resule, the ©0 By
poitpand SEERS in ocdE B Pafine lockliss-
tian Foce EhaR LSt oweedi to b seflned.

& FRasge infermacion |8 pob Entegrabsd wiech Lafoe=
marion sbout eheest and own ship capabilities.
tn suppoTt oritical omemand GsoiploTa.  Tmage
progrists ues of Tangs information could lasd
to & prewabars atossk (whiloh Soth alerte Ehe
anary and migssal oar o oesoResaTy delay
lincreaning Ehe risk of coonterdetactian oz
loma of cppartunityl.

Tdmal iy, of ooirde, 1t would be dedicebla o hava

4 disgle escurabe preceduss for aseissting LREEgEE
FERpE: &0 exEck foreulas applied o exactly seagured
irgeats. Dalertunstaly, Jdesplie TS0 8l SHpECtEd

iprovements 1n eS0T Syotesa and rasglsg algurlthss,
e Ldwal 1o aotr resliscically stvaimsnis. Any pas-
sive looalizatfon technigque, no sakcter how good, will
alsost certalely ba subjeot bobh te significamt ervox
in ths messorssgst of Inputs (#-9-, bearings, GChemmal
laysr depihl and oo ceppaslonal failure of aasumptlona
laq+, abowt Sarger sansevers) upon which itp validicsy
Anpande.

Bacease no Ledivideal eechnlgue is free of uncer—
Eainky, a4 complesestiry sErateqy sugeats Llegelfs ©the
dualgs of & frasesork ww exploic all rhe isforsatriosn
|howaysr unoertain) in s plorality of ranging tech—
nlgues, ®a assess the amount of uROertalnty that Te—
waing, ard to ombins that information probabilistical-
1y with relsrant pricr infoarmatics about wespos  azd
ganaor ompabilities- #Such a procedore i largely inde—
pemdens of the details of ths rasging tachnlguss Tedlng
ponled, mnd iz by mo meana lnconaimbant with afforta
to dmprove cna or ancther of the individusl techs=
nigquan. Yat an long ax oo ome tecknigue sxhausts tha
faleovant sridence; dramatic ioprovemints in  bEoget
lesalization eccoracy (amd dharpar  infecesces  aboat
esmbat=critical likm datsect ion dsd bac=
it Eill} ody be achieved, Ln prisciple, ¥ithin such &
frapawork, The pocled esbimats ld Baged on & lapper
fead of dska ehan any pareloular solutlon, owen the
ome ThaG i85, on the aversps. Dest.

A Famge Pooling Teohnigos

T basis for the approach asdopked hara dim oan
applioation of HBapepisn prebabilicy theary, by osane
of which the ewidential lopact of each manging tech=
nigue is quanitifed in the contaxt of gther techniquaa
ard] wped to adjunt a prior Fanges sAatimate. Tha ouft=
come of a sacies of swch sdjostoeots iz the cvezall
poaled molotics.

IF mach rangs aitimate taves the fors of & proba-
biliey dimkribetios f] Over eacgek cangs B, a slngls
poaled distribetion an be compoted wheieh reflocts
Ehaly woEal aridential iS@aoTi
] FiR|E) = FL|RIF(L

= E B g e nfg] oRl e e FLEg| £ RIE] £ | IFIRE,

whata F{:} depnotes probabilivies asssassl by the pool-
ing ald o2 lea oser.
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It might Bbo poasible %8 posl zeasge solutlons
Algwctly udliy the absve [fefmuls. Bowevwsr; by making
a Paw addirissi]l Addsunptiond, Soepubatione will ba

spesded &nd alsplified, and inpots wi1ll be bcoroforsed
Efte @ more caedlly undaratosd #5em, @ that ussrs can
avalioits such Lppats and {1F ehey choode) subdsctively
DL n Elr.

Sippoaa that Iinforsatbon Abouk &ack f;, conalsts
of & mean E; asd warbance V). Then in plase of egua=
Elom (L], wa hawer

FiE|E ¥ = FIEZ|RIFCR]
3]
= PR |¥ RIPITRIFIA) .

Wi T NGO
(m] FI¥'R} im izdepecdant of Ra

(il HE1!r!P i multlvariste noTmal. wich SEAnS
H-I-'ii, VAL LATICEE TL] acd]l corarliamces Euru.

ig] PRl ir relatively inveriane wich R in the
rugiaon of iotmcast.

Fer addlebissd]l decvasios of sows of thass izpman, =as
Lindley, Twversky, and BSrown, 1979 mczela, 19TT;
Winkler, 198Ll; Cohon and Beows, 1980. Assowpbicas a4l
and (b1 ayre alsost oereainly False; we will see, howe
ever, That the isgacy of Cheds approsisations om peal-
ing socuracy is libsly oo be guite small.

A 4 regult of these &EFEpLions, ke poaled
range aatleate omm he Oompoked 40 A welghted averacs
of the original escimaces, safser sorresting for Bdas:

11 By,2 " WIEp-By) + {19 (Ex-By)

W T

(4] i
L3¢

and p Ls relative precislon (VuTyl. The aepacted
warisnos of the poolsd polwtlon be & funouicm of the

waciances a=d corrarianceg of the esstimskss Sedng
poealedy
| #
o PO o - i
R e T

Dufsult waloss for pooling did para;sbecds  (blassn,
viciknced, and cowariasces) #i11 be sstisaEed bafore=
hand {e.g., from eercise daka, a8 Sescrlbed In thae
Huthad Bwceion] 4sd atored for pobdmatic wiE, sobject
eo e Commanler's sdjusesont. Toase wvalosd will be
ponditional on possible soenarios - o-.3., thermal con-
ditlong, ToEher of Jd8CE pointE, WANSAVERT GEORGLTY. O
aptimagad Tange. The rangs satimaktas thezaslves will
sithar ba supplisd ssbonatically [thooesh the Fizs
Contral Syetam] or b wAnually lopot (#.9.. sstisates
bagsd o= pamosl]l plotel. Ths oatpet of Ea algorithm
in a mingls Foaled range astizats and &n asssdsesnt  of
lts arror TeIrlancs; sspresexibls an as intmcwal wuithin
which Ehe bfua rangm im axpactsd to fall with a spsci-
fied porobability (w.g., 58],
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Flgure 1 18 & display of the palad solusion
cogether with Inpate upon which it L bessd: SExpacted
wvaluss ard 95% Lrnbarvmls of umcearteinty are dsplayed
for &aoh awallables ranging cteachnigues, ss wall as for
the poolesd satimste. Thas usar cap &ljest Jdefanlt
valoss for Lnputa snd obsecve tha isplicmElons of hia
cerigicm for the poolead estisaze. [Tha dafanilt
waloss, howsver; comticws to ba ataced and awailabla

gag dimplay.}
UNCLASSIFIED
Estimation Techaigees
wwaz | '|' L : 1
L e
ek

HATE  HAST EWELUKD O/E

Range Pooling Olsslay
Figura 1.

In Figques I the Commander 5ad sequested CUEPeRE
status dlesplays for thoees rangs—ralated wwrlables)
the probabllity <f baing within ths targets oounber-
detectlon Tange |.33), the proability of having che
target wikthin own ship weapon Tamgs | A0), azd the T5%
ietarym]l of uncertainty a8 a paccantage of tha pooled
rarge eetimate {(#1341: Tha Comsander can st & Chresh=
old on asy of thess wvarishlas; am indicatsd h:r k=1
dottsd linem: Weem sech a thrashold iz croasssd; tha
Cormandar will e alarted.

UNCLASSIFIED

CUFRBENT VALDE - TERESHOLD
Of5 WITHI o

POOLED

RANGE
.20

TL WITHIN O/E WPH RABGE

hlerting Ddaplay
Flouse 2.
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Other dlzpiayan immlwing Eargec
roquiced $ar othar parposes:
of pocléd carps eEtisdtes (wWith uncefteiszty dober-
walal, and 4 guographic display ueilising ellipdes bo
ERpiF EdanE LArgET losauiom mmOEFEELAEY. POlleT b dcuwss
alon of suok ddespiay possiblilicies withis the cortaxct
af & gereral attagk planading Jdenision &ld 1s conGCained
in Cohen #& sl [198EZa, 1983b] snd Cochen |1%E3F.

curge  will e
ey & Tlew/Mismge plot

HETHED
Ehathar pooling improwes range accuracy [and
whathar L1t &EssAsss acourasy  correctlyl  will  he
dmcidad, wopltisately. at psa. The prsasnt =Esctiom

Taporte kha ramuite cf s pFreliminecy guanticstivs
tagts - aisulatisg tha opsratics of tha poaling aid
ard itd ose by the Commandar with presrecordad data
from at-ded eEecclses.

Thras Sfferest moded of cparation of Ed ponling
adld weire pis B EaSgi

& Aueosstlo mods: Poolleg makes place  wlehewt
usar intezaceion, eaploylsg Sefaulb parERcbess
darived feom essroload.

% Frewvicaaly sfjusted sedghtei Frior ®a &R
sTagemant, the wser has inssried Bis ows saci-
mataa &f tThe selasive wmlidity of JLfferenk
ranging cachniguess in placs of dafsult valuaa.

% Om~the-spot adjustmsct=:  [uring &n  ssgege-
mant, ths agsr scrivas at his ocwun resge angl=
cates {or asssamsests of ralative walidicy)
and adjastm the sobomatically provided wsloas
dccordiagly.

Each of theas modss ws ompared oo thres speaifis
ranging techniguss [HATE, FERST, and Foalund] and bo
the wnaldsd bast guess of t2e Comsand scafl | cecordsd
cmboard an tha "system salotion).

Bty

Dats wtilized in Ehim study cesse from onerange hame—
lice rormm by two U8 meclesr attsck subesrizes {Bo bas
dumigumited S8 X and 559 Y} in Rangsx 1=70 and Rangax
1=T9, respacElwaly. Roms wers conducted on Ehe weee
pora rasge af Eha Ablantic Underass Test asd Tewloae
tiom OCentey (AUTEC]). All cone conbiloed com Excget
odfpivee d8d & si=tuee of opa a=d clomiing geone-

trles, with raspes typlosl of HE 48 eorpeds  deplay-
Bk, Bokh exarclses Llacleded waslaticos in  leg
lengtk [loag and ahose) and  ticrget alghkl-ta-sabis
ratls [SHE) (high asd low).

A tokal of 200 dibta points wece sxtoected,; ooe At
e aml of sach oea ahly leg, wp B0 the Exrget maseus
wer. The Oollewing infermation zeliking =a  target
rafge waE  extracksd, whan availabls, far asch data
polnt: HATE solutlon, FAST seoloklss, Feelund esli-
tiom, oystem solutios, aml recosstrucned Faspe. ALL
Bt the Jast of thess ware Xtractesd from os-board
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records = mither mamual Logm or the automstilc Dats
Gatharing Gystss (0G3| azscciated with tha HE 117 or
HE 11} Hpd 10 Fite Canktrol Sydtem.

HATE, KAST, dnd Ekalund are all "Seacizgs only®
pechn iguas whose geality depsnds dicecely on bearing
BREFEERE AT ATTOr, The soFber of data pointa, the gues
metey of own ghip sasesvers, And the Esbsmptlon Ehat
Elve EAEgeET has B0t SAnesvebel. MATE (Mamoal Adapeive
Tarpet-Hotlon-hnalysis Evaleation] L& 48 [eteractlve
meth=d in whloh &n opETALOE Anpetd hypotheses sboar
cArget Tange, oowrde, and apead and olEoarves 4 ooEpUT-
ar ddaplay of the Jddfferences betwesn olasrved and
prediotal baarings. EAST [¥alman Autosatic Sapuencisl
Target-Hotion-Analyelsl prodoces matomacis olocloss
haged on apsoRptlioss about the normalicy of errars amd
their rcalatica =5 AHR. Exelurd s sove Approalmats
mathod for ocbtsining & quick range ascimabs Taasd an
thangax in the cate of besring cusnges ax & Tesult of
a&n cwm mhip mmnsuyer. Tha "aysbss sclution®™ ia cootdin=
poualy updsted in ths Firs Contrel Spatem by tha Com=
mand wkaff and asrwam am the source of weapon sstilngs
in an akeesh, Ik reprusenks,; ln pElocipla, the Coms
mand wtafffs current bast gQuess as to BargEt TAngE.
iHe ayetes eolutlon wes EBdentifled fCfor HangeR 1-T9,
alehough the MATE soelu®ion m&F In Caot BAve Dean wiile-
ieed in this way.| mesosstrocbed rasges are bassd an
daca 0@ OPeAn-DOLDom Sens0Es And  SppECKiEATE ToE—
ponably olosely the trus valoss.

Inak ConQitiomy

e have ubilized this data in several qoites dif-
furank wayi:

i1 Dafauls welghts., Fless, esecchés dbEd wE8
used eo estimste defaule parametara for tha pooling
ald by meass of stapdard formulas. The error for osoh
soluelon At ssch Jses polse is the diffsrencs heoessn
the asoloclon estimabe asd tThe reconstIuctsd TEnge.
Default parsmstar waluss for sech solotlon Sechniqua
ars eeEsktlgbical fmotiora of theas sTroTE! avETage
arTer |bdam], wariazces of srTocm; and paElsuise covars
survcmy of arromme Weighte bamed an thass pPirasetacs
wars umed o pool pairs of asbisabes: HMATE/ERET .
FAATE/Ewmiund, and EkalunddEasr, Ta poal all theas
wolaticrd, an fteration was reglired: BXeoE ataels-
Eics Ffor the poolid eoletica imvolving MATE 4and EAST
ware corputald, and tees ehis soloviom [HANTE + EAST)
whd  pocled #ithk Ekelund, {Henoelarth, ke “defanlt
poaled solusisn® for any data podnt «ill refer to the
salution sRish ipoludes the pawisos posalbles meeker of
pooling iteratlons -]

Im the absenoe of & "live™ Command staff, we ave
amployed exerclss daca (dn & more artlificisl wayy to
planlates two prte of amer interacTion with the pool-
dng mids

2] aubjsctiTe walghite. T Crmmma sl mbwlf

relisn, ba warylmgy degrsac; an IF:I.!J.: Tanglog twmch=
niguss in arriving at ita oem bawt goaEs as &= Eacpak

Targw (bie ayatem ecloticals To mimulsts subjective
judormnkid of estisate welidity pricr to an  acbukl
sngagerant, this reliance wes sodaled. weblghts which

Bt predicted tha syntes solobtion wers Eit b 2ash
matirate by laast squsces. Thi effect of aubsbitobing
thaam weights inbo tha poolizg algecithm, in place of
tha dafault wvaldveds, Ld preidssd to ceflect & léase
foughly the outcoss of pooling wikh wmights dubbactlve-
Ly asdduuad by the Commasd atafd,
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131 Subkjectivs sdjasrtmaats of dafaulc srcimates.
During in angagusast, adijortsssts by the Comsend sbatf
af deficlt pooled rangs scloeticns woold presusably be
in tha directicn of ltx cwn bast guess &=z bo Eacgab
range. s slwulake an adfostmmns of this sork,  the
gysbem seletlen wad pooled with tha defaal: posled
golotlon. Welghts ssed for thia highes=asder goling
danarmine the magrivode of she ad{jusesant, and eefleost

bhe relative wvalldiey asd coccelation «of the #System
solutlon and defwalt jeesbed selumicn.
id] Cross-validation. To wschieve 4 2lleieed

deqrac of croso-validatios, the total soEpls wal Ean-
domly dlvided imto weo paria - & "firor sssple™ Efor
Ehs purpose of ertlmscing parssesers (i.2., dsfanlc
wnights, sobjective wwights, amd higher-order pooling
wlghtal, and & "secord saple™ for wesbolpng the per-
fommance of the ald: The qin in socaraoy dos o pool-
ing with dsfauls inputa was sles sxamingd wiEhiz diwi-
siane of the dete sccording to platform (BAR X/E8H T,
SHE thigh/lowl; azd Lleg langth lahact/longh.

Tha prlmscy msasurs of scouracy obllized i® mean
abaolutm arcac (EAE]: thn ammrages diffarsnce hatuman
4 rarge asbizats and tha trus sange, witheut ;'gl.r:l 1=~
tha direction of tha difference. (Howewsr, cesolts in
tarsd of bthe sbisdard devizkion of scrcare ars ciported
im Cohasm [1982) and are guite comparabls.] Only fala=
tive eEiores of salobkicn soonrecy will be glven: Tha
areny meadere far a ing becEalgue will
bt Fdported 48 @ proportion of bHbe deoe efror seadara
Fo¢ tha Safauls pecled solotion ln the abee dits dam-
pla, valoss feeiter than ose Hhus Seprasent an advan-
vagps for posaling wWith dDefaule welghes Ia Esae davs,
[For ssample, using hypotheeical nosbers, suppese Ehe
MAR For MATE were 100 yards., and tha HAE Ffor Tha
dafanlt pooled selution were 260 yarda, Tres e rela-
tiwe HAE for MATE woiald ba reporead a8 I00CFED w130,
Thiz represaata & I inoveams in erpoF Jdoes to using
FATE as oppeasd o the pooling aid:]

AT

FESIOLTS

Aocutacy of Default Pooled Sclotiom

Posling pasassbers astizsted From the flrwk dsta
mampls wes gives in Takle L. In this data HATE waa
mare precise thin bath EART and Ekelend; ERST was aore
precigs than Ewmlond, as wad ehe pealed seluslon o=
walving HATE &nd FKAST. ‘The caly correlation of sodar-
ave glege lo beowvesn srrors i EAST and MATE.

UNCLASSIFIED

e lghts Based an:
Folotione Cufauls Ralative
_Foailed Weights P Biom Cocomlatian
ATE o= 1.3 TR
HATE T2 2.5 PE;
EFELIME: .28 B.m=o
EAET b 1.9
EXELUNE: .34 B
HMATE-FAST JTT 2.2
EKELINI: 23

Cefault Pararpmtars Used in Pooling
Tabile 1.
JUME 1582
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Figqura 1 compayesa tha poolsd melutlon o the spe-
cific tachniquas baing pocled in bermms of San abao=
lste arrocey Moled seletion rasulta in the Bic aas=
plas Bave sach bsan normalized to L.00 (with s lsplis
cakion that HAE Far poaling wam aceumlly the same o
tha twe samplud). In the Fisst Sasple, tha catis of
Ehe MAE for EAST wa the MAE for the peallsg ald was
1.286 - for 48 laceeass of 168 Im absoluve error dus to
oaing EAST, Is the Second dasple, Tthe Increass was
quita comparable, a& Y0w. Feaules for SMATE amd Ee—
luand, far both first asd second mples, alao show
larger mean absolube esrrors than with pooling-

UNCLASSIFIED

(RaAgeN 1-79, 1=T9 cace)

Laz
— T,
u 1L
o]
AbGOluts ol Lo
Cxooc o ; IE
ERET EEELIHE Poolad
SFoleticn
Saopla T N B3,95% 0,100
FTE™ 1. 9 AR, #F 1
sraviecical 2001 %.4a1 <. @4l
Signifa=initi
ol CompaTimon
With Paalad
oLy Eian
Flgars 3. Razis of Hsan Abeclobs Ezcoc |MAE} for Curcent

Mangisg TeshAlgoss o MAE for Poollng ALd. Blgnifizance
Laval iz basmd o= t=eait, sbllicing sesond simple dats only,

Flgure 4 ompares pooling with the avstem sslu=
Tdon. I mha fiest amnd seoond sasples, use of tha
syatss prlotion woald hase lAcceased MAE by 14w aed
4%, rospeoiively, owr use of the pooled solovios.

faproved scoirdacy ganefally Scunts Eha =eat vhes
guilks lazgw range accocs are avolded = since ssil
GITors o0uld ba ovarcome by the weapon®s seacch cipde
Elliey, This, Teble 2 foMided of Ehe Sontribatios af
pooling o the redwstion of lavge Pangs SCrers = f.dae,
srzoge i either diregtiom whioh are gqreater thas Ik
of tha Eros range- If oonpares BATE, EAST., Ekelesd,
apsd Ehes sysrsm salourion o the pooling teshniges (=
tarma of the proportiom of the ties an &rror 18 large-
Tha proportiom of :I.l].'i' arrore im 554 and LT larger
for the aystem aplublon than for the pooled mclution,
in mamplam ana and two, reapsctiwely. Tha figuras aice
8% asd TIn for HATEp asd so ons

poss the sffoceivencss of the rasge peoaling aid
depand on which bost wobilizes 1v? Fljurse 5 beesd
down tha sesults for mssn sbgoluobe ercer fras  Dboth
sazplan acoording to whacther 29 1 or 288 ¥ la Lo
it Lvmdd . The mams defeuit parssstors were ased for
Bakh platfams. The improvessnt dus ks the poealing Ls
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Flizrzk Ssmpis E-

Sacoced Gample %

|Rsnges L=TE Dutsl

2.0k
LAl
Hann
Abgalune H L.09 1,098
ExTaT 1.0puae— —‘%-'
@
Eyetan Tooled
Salukiss Scluzios
Saaple L2
Bimm 50,57 L F
Statistbaal
Signifuicance
af  Cromparlsom
It=tmat) =L
Figurs 4. FHAatic of Maan Rbhdulebs Errec |MAE] Sar Systas
folotioe to MAL Bar Fooling kid
UNCLASSIFIED
Fleat Sucosd
Semply f=pie
HATE 3-8 1.72
Rarging
Techmi- EART 154 1.33
Jues
EFELIMD L.8% 1.72
Byseism Solweion 1.55 1.17
Pooling hid 1.0 1.00
Takle F. mavis of Proportion of Lacge Efzecs (2208 of

txua singe| ler Correst Fanging Technigoes to Large=
Erros Proportion foxr Range Poaling Add

guite oomparabls in both cassa. Slsdlarly., the ocosori-
tution of pooling o accuracy was wnaffacted by break=
down of tha data according t@ 1lag lsngoh aed signals=
to-noiss Tatic [Cochan, 19AZ].
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480 ¥ E [Hangex 1-78 Bwcal
BAH T % IRangex | -79 Cacaf
2ol |
P 1,7 |
L| |
Ll |
FSganl una 1M L.F i
L - 1 == A=
|
a o = ]
HLTE KAST ERELTHD kel
Salukipn
Harnla &
i 53, 11 LO1, 34 FLL T LUE %
Figuca 4. Fatip of Hesm RAbwoluts Iccor IEARL] foxr Coroant Fanglog

TecAnigues &0 HAE for Pooling Add; Brokan Oouwn by Platioom.

In aim, poaling with default pareseters lncredsad
risging BEcurpey Lo beth the initial and the cfoaa=
salideted dits samplad. Poaling iR Boda accucaks
ehan asy of the three irdividual ranging technlgueds
| HATE, ERST, and Evelwsd) snd wis Eled Sofd S00UFKESD
chan the aysben sslution, rPepresenibing the Comnand
graff's I#at guess ag Lo target ramge. The suparior-
Lty of the pooled solutlon sooarred repardlsss of plac-
form, SHE, or leg lamgth.

Bacauss of the relatively somll nosber of dets
podnts, defsali pooling parametecn wers satlmsted from
firat smaple dats cmbinicg lovsls of lsg lssgth asd
AiR. We supact that pooling aocurssy would have bsan
#vmz  battar had the waights besn optimized wdthin
Lemiln of woch waciablss. Mut how mechk accuracy is
lomt By mat doing mal Soom pacepsctive in pravided by
the eaneitivity asalysis = ba cepocted in = latar
sacticn. Thare la a rather large leaway far devlaticn
of pocling wedghts from cptimality, coneistent with
the maparicrity of poclizg cver raliascs co any dlngls
arkinates

hocacksy of Foocling wikh Schjective Welghts

e Bave evalosted the peclisg ald s les "subons—

Ele® mode = wtilizisg Sefault paraseter waloss bosed
an abjective data. & cocitical fedtdice of Ehe ald,
hreevas, is lfs  akiliey ms  incorporaze  gubdeobive

mEgsassaTts by Command staff pessonnsl whoss owovledge
of eheir sleoation say =or e Poflectsd in previocos
A,

Takle 31 shows tThe lesst Squares welghks Ethae
Bewcribe ths relatlon of the sFyatem solotics we otbar
ranpe esbimited. A hlghas weight for MATE ehan ERET
means Ehat HATE had 2 large laflwence on the sSystes
solution {l.g., Commard staff range ecatisabes) than
ERET. Thars Lls. of sourss. T FoROOE B0 Sapposs that
chses are Tho welghis Thab soold be sopplled esplioie-
1y by The Command ataff, or that would be derived from
thelir dlrect Jjudgmests of walidicy amd correlacion.
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Hanathalags, Lt would bua
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" Bl orrt e " hefanle
BExlorisna g bhes Bagad Poall=g Ald
Pacled o Syatam Solotian ?hi.::l-.h:
MATE . T8 L8O
KRST .33 L[]
HATE-ERET , B4 IT
EEELHD 18 i3
Table 3. Waights Derived By Hodeling Commesd Staff

Comparison with she defsult pooeling sid weights
ffrom Tabls 1} showe no very largs SEgparitlas-  How-
aver, the Commakl SCAfC walghts Eend Do Ba mors  GW-
Ereme than wwlghts Tmesd oa obfective data: Thiz may
rpaflact less tendsncy o comsdns arblastess and 4 great-
ar tendancy towerd sgolusive Tallance oo the mre pre-
Ferred solution.

Wrnist happane LY rangs aatimAated ars  ECtuslly
peciled aming Ehasa !.IPJ.!.IH subjsctive weights = rathac
than tha suighta assessed Ffrom chjsctive JSata? Figurs
B provides the celevant & laosd: Im beth data
samplen, poaling wieh "oubjlestive™ Selghks d BOEe
asvurabs thaa ths sysbem solukeion leaslf. In tha
Cirge Sa¥pla, oystem solutlon HAE wag 1.14 <mmparsl o
1.0% for subjaoulve poollngr in the sacond sasple. Ths
difference im 1.4% to 1.L8.

Tha advwantege =f pooling with subjestive welghts
whiE @mok @statlaeipally skgmilisant. Then, too, it
might sees ofd thae a sodel oFf the Conwand staff judg-
mant pooceds woald be more Aacoursate thas tTha Commpd
praff icsslfs presuashly, the modsl iz lscmplacs,
glnos it omlts othar solutlone gf which ths Coomand
praff wag sware. This pesult, howsyar, corrssponas to
findings 1ln a nmbar af arsaa whers mispls ocdols hara
outparforesd the mxparts upns wshom the mdels wmrs
bazsd [®.g., Dswss, 21978, 197%]. Swch findings would
ba sxpected if the uae of the sodal by the axpectsd waas
digkirkbad by subitastial candom eEfger — af which vhe
sodal Lemid, of couraw, ia fres. Ioother pmaaibilicy
im thit the experts aze behaving gultes dfferemtly
from thi model: deg., Father thas sestally Sosbinleg
aatisates,; ths Comsand scaff may ba wellizing only a
dlagle eschnlgos on ech oosaslon, perhaps shifolsg
[rom ooe o Aoother probabilistioally. A8 we shall
dad, #ech 4 SErabdgy Wild, RdeEr RGBT ClFOURATARDES,
bi expected b bk lass scosrake than pooling. The
walldiey of tha seights wsed in poollng is less lmpoE-
tant, foF aecugb0y, thiA Ee CbOE EhAT some gort of
proling ia vshisg place.

Teeet findings have o incavestimg prectlocal

appliceeion, One vay for the Cossand soaff o bmprows
TERflTy A0MATARCY might be bo apssAs pooling weighte,
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Fizat Semple E
Besond Fample %

Imamigex 1=78 and 1=79 DAl

2,01
Hman [ L.18
AbgaluTa 1.4
ErroT 1.0 fp=—=—m——=s o En i - — s ——r

. 72

Symtes Fonling Based Defauli
golusion oa dystes s Lad
Sojutian Salwticn
Hedil
gy le 50, 57" 50, 555
iy 78, 3 7,5

Figore 6. Ratin of Mian Absolete Ecpor (MAE] for Systoem
fologica snd for Epsten joluticn Modsl to BALD for Dafsalt
realisg hid.

Smfnrepan 1-73 dacs only

cuthr shan range Lleselfs  [Alrernacively, wsights
sight be sseraoned, &8 Thay were hecs, froe  Comsand
ataff rasge oastissbes.| The welghts would ehan ba
daed by Eha pooling aid algorichm, to produde the “syo=
nam o lwrion."

Eata; Eoswver; thiat this may not ba optismal whan
gl table objactive dets e svalleble. Figare T &abows
il pealley bised on "gubjective® weighbs a8 SeE11
mot ad aceursbs &6 poalivg Based on dafanlt Talues.
IBET, ol sanive uarmant of bafaalt Esvimats

The previcus section han Sealt with &  apecial
cams of the rangs pooling aidd1  in shich subqsctive
satizmtes of waighis entirely seplacs tha dsfasis
Taluss pitained from abjactive dasa. MHore tfp.l:lll.r,
o mdght imagina & ol As adimut=mank
walghts, or of cange sxtisates; in the drection cf =
bat not wll tha way & = sobjectimely peefersed
il .

Table 4 glves the parsceterd, estisate] from the
Cirsr dxks sample, whish wees uellised Iln the higher—
order gooling of the systes solueion and whe dafauls
pocied soluzion: The latber recelves a larger welght
than ths syatem solwtiom dos 0 lks Gresber SOOETSCY-
Ths coarelation is negligikle.

Tha rcesult of pooling subjective and ohjsctive
antizates Lla = melutlon which la {nep-sig=Eificantly)
sara accuruts than aitisr typa of asstioets alcss.
Figurm 7 abows that the seam abacloEs srzor Sor cEha
combisved molution im ALY a=d 9 of Eha BAE far thm
defgnlt pocled aslstics, 1n the Fflret a=d  second
dEmpled, reapactivaly.

Conmind ataff jodomant (Eha spetes @oletiocs) by
Ligelf is less accorats thas tha defamit pooled @ola=
tion. Hometseless, L1F may oostain  Infersaeion  nok
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Walgnis Ereclalom CorreLaElan
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g o= 0%
Dmfauls
Froled
Soluticn -2

Table 4. Parsmecers Thod in Sosbinieg Systes
Solwebon and DeEfsslt Pooled Solotlon
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Firat Sampla E

% [Aazgax [-1A]
Spiakd Sanple

FE .
Heaa &
Absolute 1.00 §.00
Erzar ATEEEmEEEEEo e -
Syrtem Lol d Befanlt
Salutisn BritinSDelaals  Poalad
Exlution L LT
dxaple
T 5q, &% B, B5 50,55

Figure 1. Ratio of Hean Absolute Eccec @MAE| for Ccabliped
Defaulb/EyitaiE Sclotiom bo FAE for Omfeelt Poolsd Solotlon

captarel by dafsult pirssaters. Subjestive adjuatsent
of defanlt soelwticrs by Cossand personnel By e AR
wapy and sffecuive vy w0 tap chat infasmatios. (ARl-
ternatively, the Command geaff and the pooling wild
might work in parsilel. arriving atr segayate sacl-
mateam, and the rospulte slght thes ks forsally ponled,
ap in the procedurs tsated Ters-)

T what axtant dosm the ad ef A nindg
objective and dubjective Lsformation dependl o= the
mikthed of psoskdnatisa? De this eawk, wa have loaded
the dloe in faver of soch asm adwancspe by forsally
pooslieg with weights based on Firoe saspls data: In=
formal subjeccive sdiosrteents of default solocions
would be miikely o corregpond to optlsal resulEs of
hilgtr-crdar pooll =g
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Fortmately, the ssrabtlvity snalysis to be pee
ported shortly sugpeats that the sdwantage of oomhin-
ing matimates 1z quite vobust im the Ffage of pare-
meter-sstimtion errors. Even whan the weights wobil-
ized din  paling  deviass mignificastly from  ophimal
wnightm; posiing im likely to octparforsm bobh cf tha
matimatan baizg pooled. & 1 adim af  kha
default molwtion would be axpscted to have & si=ilar
latbitudm. Hobe that if Ehe altarnasive to informal
adbuatsant ware ecclidslve rellinse on the leld sS00UE-
ate watimses [En tMis case, the sysbe solutlond,
inforsal sdjustsent should produse improveseats Togard-
leas of the deyres of sdjuscssnt asployed.

EEESITIVITY AND ROBUETHESE

What happsne if othar thas aptimsl paTasstsTs srs
ngd for peolimg? As we hawe pean. the queation is
imporecant for At laast tuwn FEEBONEI

(1] Im prestics, & rTamge pEocling &84 will spply
dufanlt paramscsrs Ln sltuscione qelte ddffsr=
ankt Ffrom cha coas Ln which Ehey wsrs aati=

[-T5= "

|2} Subjective mdjortmants of defanlt parsastars
may ba [0}

ind fon.

Eeiy far off cin pareeat b = whakk maling opdy=
atas aubpmatically or interactively = withouk sacgific-
18g the sdvwantepms of poaling?

Tha variance of a walghted avecage o=f bee astl-
mates, in relation &5 the seciance of the =ore peeciss
astimate (V1. oun be eipresssd in terms of poawd o9

(&b ¥, 2lHwy = W+ pil-EET ¢ 2eh W19 .

Figars A ploks this am a fonction of W far p=1.3 and

o= 38 ‘Treamd ars tie actuoal walusa for po HATE
and ERST nbbaised from the firaet saople [(Table L),
hny cholce of wmights for poeling that afe batwean §
and 1 corredponds to a point on the #olld cucve; At
pEedictd ehé wvariisce of pooling «ieh thode weights
under tha apacified real-world condicions, f.8.,
valosa of ©and p.

The optimsl (defsolt] wsight is @=.6, an qglven by
formule (4], and corresgonds ko the low podnt of the
fonction {(lawa, formala (51]1s The brackste in Figurs
I reprasunt ths mbxizoe sxpected improvessnt in eScurs
acy dttablnable by pooling; as conpiced with sxcloaive
ralldsew an EATE; thae batter af tha tes sstissted
[Eyla Thil, poaled @olutlson waciance; with
walghes, L3 758 of the wvarisese of =j. Other dita
polwts shown corcesposd Be exclesive use of HATE or
ERET, poollimg wich osyual weights for HATE amd EAST,
dsfaalt waights with oovarianos sS4t o Bero, and Com—
mandd pbalf sobjective welghte.

How far from opuimal does W have o ba for pool=
ing to ba me boenter them exolusive waw of B ¥ As
Figze 0 shows, B would haws ©to be -2 or lessr 1-@-.,
Ez would hawe w ba weightsd 4 Ciess A9 atrongly ks Ep
imatesd of By belng weighted 1.5 tiseos sorve eEhan Ei-
[Altsrnatively, W would hawe to b groescer chem 1.}
Thiz magnituds of arror =t be Tegardsd aE Blghly
wlikaly. An sven Bore gongelling point, however, 1a
to ank what altarnazive s pooling womld i fAct e
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Figars 0. FFLS 50 Oa Poolsd versercs oF (B0 e oeg bEnaeew ol
e Sl Prwdsl EHCIBATE BRiR) Poaled 15)0 4s @ Fesrvie

wad B e s, Weam NpPRGEL0, Je. Bl Birld BeldLE el
daeple L ifvom lefn e swpsii: AT, Sedd Smaghiieg, Sae-
ladw-galy SEIRVLL. DECaals “migmE Berecye Sy, SASE

If ehe OO of & Bembar of his staff vere sas-
L eg—

adapad,
igaaly ccsalderiey walued of ¥ lesd than -I; tha
ly alversative be poclley for them woold sob be rell-
amce oa B) - et rellance om Ej;-  Asd En ckis oase,
pooling would be B4TIET no EATIAr WhAL posinive valus
of W wemm casd.

It im parhapi more rcealissdr o sappobes Ehit ke
pardon bent on selecting a aslngls esdimats, rathex
thas pooling. will b4 owwaes which of e (or mons)
efbigates ©o prafer. Under conditions whars Ey im om
avarags better (l.e., W) © V31, it dls likaly that Fe
will sometlmes salect E; asd mestimss Ej. The wani-
ance of this pareon®s pebtizste will be & weightsd aver=
aga of ths warisncss of Ei and Ex with waighkts detar=
minsd by the probmbdlity (g} of salecting Ey:

¥y algh = gy + {l=givy
T
Wy, 2lgh/ Ty = q * |legipa

(Thia feowilation assumes thas By and Eg5 are both o
biksed, of oyeilly blased, sdtisaved of Kr otharviss,
cthe dlserepancy bavdesn the seass of E; and = will
&d ko eEa warlance.] Thus, the weelaese for this
probablliscically miWed owbooms will f8ll somevhers o8
(oF abowe) the stralght Jasked line im Figares 8 1isW—
ing Wy and Vz- Pooling, aven with nonoprisal weighes,
will aFmlly 3o betcsr than By [the batter of the owo
sxtimateal, bwt the bhest chat wmigques selsoticn oOdA
achisvn im to esgoal Ej. Horsover, to the sxtent thas
& user would momstimss salsct the laam good slteTma-
Eive; tha amoont aof sarrTor in _El;lnl‘_'l.:rq' wwighten that La
cofiilatant wikth the saparlacity of meling lneceases .

Flygire 9 showd, sore gueerdlly, how tha  ledway
for pooling superioriey depends on the opilral pocling
waight and on L socufacy of migee delectles. Foom
formulae (6] and (7)., @ hive for any walues of p and &1

V1,209 = W alql

18 Wz e s vgil-wtld & [L-qglest =

if wnd omly AF

W we s dgil-we}? s [L-giwes,
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Flgure % HiElmam &nd minkes Ep Weigsta Raguized foo doparleos
ity of Posling Ovar Uedque Salsctios |Bamelbing io Foobakdlistic
Mizirg of Ej ad L3l, aw & Fusciion of the Optles] Wsight ard tie
Foobalzdlaty ef Ssiscsing Ep gl

whare w* is the cotimal wsichs mm spscifisd in Scpmols
{4}« Suppasa, far scazple; that the cptimal pooling
wmight ia 75 and that omiges selesticon onder thoss
coaditions sedrd selecting Ey Tow af the bise asd =j
254 af the tilse. Then the webght actually usel Ls
posling oould e an Lew as .32 or a@ migh as 1.1 -
and pooling woold still be betier than the scrategy of
urilque  pelestion-  (When wnlqua eslection ix perfect
lq=11, ths uppar snd lower hoonds worald be 1 oamd 5.0
12 tha "Erss® waight wers % snd mmilgos mnimckion
imralevsd mimtskanly pleking E; o=ly 10w af tha tima,
the minisis pocllisg weighs rfl.'l.d.'l.n.q an advantage Sor
pocling renafss gqubive low &k 6. Is dhork, &oen win
ehira is sigaificant upesrtalnty  aboot  pooling
wilghts, and one satisace ip simificastly Sord e0our—
atie vhin the ovher, Lt g wvery unlikely thar the sers-
wegy of selectling & singls ssivisate will do bazzcer
than pooling.

Hota on Aise

In tha dscussion of aecaitiviSy, w» hees  deslt
with the sxpectsl Lepact ab P:l:-lil:g on randm #TTCT
sk én blas. Any partinant inforratics abook sysbemas
Ele srresr in a specific cinging technigoe [@.g.; The=
lupd] cifn and dhoold b used whethar o not the tech=
filgue E3 poaled wich ckha#s. To tha erbent that hiss
in an esbtimite being pooled i@ 2% Susceaafullly caps
pactad, the resaising biss is trenssitted inte  tha
pocled solobion in poopertion W Uhe wolght Aasssiaboed
with that sstimsbs. Bot v «il1 sbow up [in Pell) is
range sstimates that axe not pooled-
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Facthaps sx importast ar iocreaming tha accuragy
of rFange Eolotions im kncwing  juat how ecousate gha
molwtion im, &t & given tisa, The pooling adid algn-
rithm producés an satimats of ercror varlance for tha
pocled salaticn. From this, intesvals can be calcu-
latesi whick aze balisred to contaiz the toom  Tange
with waricoud dagrans of ceckailnty.

Tabla 5 enabled ua Eo adsedds the calibration of
tha cenge pesling 414 <ieh defaille parssetard for S8y
ard Ma  ineesrvals of moecealaty. Tha pEESEntagen
within box A dhodild Tover acousd F56%, cooyedpdidicg ka
tha proporeion of the Tiee the eFfud fisge Would ba
contalned im a valld 55% faseyval. In bow &, ibs pos-
cedtdged should spproxiesats 90k-  In both caigss, dall-
beation is mex Car off. but the predioted IATervals
are gmavhat toen marrow: Roroms all peolisg combina-
tlioss 4%l gamples, the Lros renge Falle Eveids cthe 25
Imtarynl 1% of thse Tias; ard within the #% lnterral
A% of Tha Eims.
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Solwutiane Firat Sucend Firat Fmcoins
P led fample  Sample Farple Epmple
HATE B B2 &7 B8
EMST

HATE B gy | &0 ar
EXELUHD

RhET B3 6 a1 a5
EEKELUKE

HATE-KAST a1 a4 &8 as
ERELLHT:

wmErall az E- 1]

Takle 5. Proporiion of Time Tres Ranpe Falls Withis
Pradicted Interval of Ufcectabsty

Deristione from normality and dependsage of erTor
[¥y) &f Fangm would be mpected bo ddstort pecling ald
il ibration, A= edditicnal Ffactor; mot reflescbsd in
Table 5, 1la the actificlalicy of smarcias cooditians
1n oomparlésn o e : Tha af Eazgutas, Eheic
EepaFivgd, peasible maoesovecs, asd saxiso distancs aca
all keown im sdvenca, This exErd moeertkisnty w=mhouold
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Bot affect lSpecovesents in dccuzacy dum to poolisg
relativa eo wid of slsple esclsstes, bok Lk affects
the precipion with dhileh socecesy Jof apecific awti-
mated and of the peoled solutlon) cia Be keows. Teche
migors inporporating kigher-order judsmints [@hoRrtsis=
ty about wnoertalntyl amd which use the deperslon of
canges asticatsa ag an sdlltional olwe w the opresd of
the poimd dimtrifusion are being spplied o this pro—
blam [=f., Lindley, 19@1l; Wisklar, 19A1}.

CONCLSE OHE

The pooling algoeivks provides & aystesatis [vet
quive pimple) methed for ocmbining all che savallakle
information shout TATSET Fange: dlverss EafAge Sati-
mates, objective data on the socurscy and Lnteceald-
ticme of Ethe Eachniguss. and judgeente by the OO0 or
othar approprists parponnsl  oonpeTEESg  Any  of RN
ahows. Ogr preliminsry quantitative wvalidation com—
Firmae the effioecy of the approsgh: pooling improwred
range accaracy whether with chyectiwe inpats, sahjes=
tive inputs, or & mix of tha two. Horsowar; tha de=
gres of sccucscy achisved carcaEpondsd bo the amcomt
of poaling iswclwed, azd thas bo the asgung of informa=
tiom thit was inEsgrated. Accoracy incoesssed o the
Fallowdisey ordar:s

@ HATE, EAST, Ekalusd, a8 the CoEsand SEaff
bRt quEEE
& PFoollng MATE, EABT, and Bxslund wlth sobjecs

tive wwighta

a Foaling MATE, KELST,
waichetn

and Tkelund with dsfault

# Foaling tha defaults poolsd sclution with the
Command ukafd bawk gosEs

gunslvivicy analyals suggests that, &t any of these
lovals of poollsg, slqnificant errors 1n  pATSSEDEE
sErimaces can opply wlitkour jeopardieing The sdvancage
af pooling over what 1s blng pooled- The ocosolaslon,
wa  mhowld strsas, L8 not that objactlive daks are
“"battar® than subjeciive jodgeent. or vice werea-
Mathis, it ia that o prascoiptive ocdel which syebemyb-
icelly constraira tha form of the inferssce procapn
while dccomsmditing Bot ckivs dabs and individosl
jodgeencs may ba baat of abl.

Curreat work i fooosing on the actusl expected
conkribation of pooling be coebat effectlvenass. The
timm=courss of ongertainty reduction  aboub  TaEgED
cangs With and withook the poaling ald &8 belny
analysed wichin =h and aamrcisgs.  Impli-
ostlons of laproversnts Bor the CO'a tactlical 2lsxibi=
Ligy {®.f.., Sarlier Tima aof five] and for the accurecy
af aspepements lovolved s eectical declaloms will ba
mxmmined. & prototyge range-poecling ald, beley imple=
manted st the Heval TUndervater Bystess Caonta? [ Hiw
part; Hal.], will bs ussd for hande—on desonsications
uwith potantisl ossce: & cTitioal topla for Llrwestiga-
Eian will ba ths feasibility of slioiting the sabiec-

tlve Sudgmenis whick bave thus Zar only bsen pileo-
Lutiod.
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VALIDATION OF A TARGET RANGE DECISION AID
Marvin 5. Cohen

Joha Gileksist (0.8, Wevy-Ret.), Ar- Wames Elng, COR
Frameds

Rachard PaEisesa (0.8, BEvy-HaT.1,. Mra
Spioola, and CAPT Lednard Stoshzr (0.5 Herp=Rst-}

DESCRIPIOAS: Decision Adds, Antisubmsrine Rarfare,
Range Estimacion, Decision Aid Validacion, Resgex [lats,
Subjaccive Pecimion did Tnpats

COMMENTARY

Richard R. Pariseau
System Control Technology

The papsr peratents & useful approach B0 & very
real  prablem,  The reality of the problem  §s
apfrec jated hy Ehe Facl that durfng submdrime v,
sgbmarine axercises the sverage elagssd Cims From
imitial datact fon unttl LTyt 1 aumch is
wergiimately  TeD  RoUPS. Is passfive  tarpet
teacking, target Fange coRbinaes to ha  the  mage
prartatn valus and Targely retpiedible for bR Lime
intarval, WRen  torpadoes  gre  Tired the Larget
dampss Falis has hiskarically Badd Tow, For varioss
rgens  tha numbher of spodesifel torpeda Firings
badlay s |:|I'I1y et Fifry percent, [t 58 obwioud
tharafore Ehat the problesm 15 rolovant and decfsios
aiding s necessary.

A major problem facimg techmicfans who are
developfng decision aics iz the presentatiom of bhe
resullts of their effort. The decisicn maker, im
thid case 4 subwaring commanding officer, must fasal
comfortable «ith the Sats whfch Be §4 pressatsd. I
9 Pharafors netdddary b the deciiion smalyst to Be
concerned with FORMAT WAL [DATTON and (il )
TMOTYTDUALTTY of the Jsclizfon makerd,

The data mwst he pgresented to the deciiion
mekgr  in 3 Format which i¢  Famildae, eagily
wnderstood, quickly comprehended and snamhiguous.
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khan kg accuracy of the iegek data from which
decisions wuif he wade 9 of eelfcwn gccurdcy S G5
pgtural and neceggary for the declision saker to
spend 4 gfgnfficant amewmt of Lims  Erying  to
walidate 1e., determine the acgurpcy of, tha  Spqut

dats. L Tegg cabiafying i":ll'l'ﬂ-““"!_‘ Bt
come Temantard | addition to wal ddatian i4
sensitivity the results to tnput data errors. Ot

must always B& reresbored thet 4 perfect solutiom s
pet mecegsarily the goal of the decision maker, bot
& comfortable swsresess of the walidity of the data
upee which a decision fs baded 3 alwaws impostant.

The subfectivity &F the fndiwidual decfsieon
nakerd Iaitially fmpacts accepbance of the decisien
gid @d yltimately the frequancy of ts widge and
relianes upon the cutput of tha &id oese L g
ingballad absard tha ships. There are several Wiy
af kandiing the subjectivity roquirements From hagiec
capability For daks call=sp st  any  Teve] wpoas

to personal cessettes carries abcard By
individes] comsandfng officers which present  and
valigdate information in 4 parsonal menar. A simgle
solutio® will sob B2 optimal for all deciiicn aids,
mpmever gach decisfon aid must Be dewelopad &
consideratien oF the subjectivity of the s iom
MaET .
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