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tlo! ot copD.! itr solutLol fo. t h.d b..n a.t.ruli.d cololLE trically',

b, forllnA a colotcd corPl.r Yltb Eoalr[ dtotlirldlthloc'lbalatc iD an

aBotl.acal lolutlon.

' t aoaitlad ..t!od trol progqaur.s o, l.borrtoE altpllcatlor' Dro
urlcel on th. dat.irlr.tlott ot coDtl!! h tood stutts.



!h. tot.l olt!.to lD thc tuttc! lolutlo! tro. 4 iad baql
dctrfli.Eld rllall!.H.cd1, .ttcr rataLnj,rg thr tr.+ Drss.lt l,!r th.
Bo]utlo! tEr Dorcr-ro l,!. solue.

?l:epa!8.tlop ol th. Collold!

t nl o! coDDar 8olat1!. lolutloE 1! ,O .1 cepaclt, yl,aL, ua!
phald 1r r 1,..d coDtaL!..!, thr! , d 99ho pertcchctat. .luat. had
bs.! dallT.fed to tDc yla1 bJr r.!!s ot r DlDctt., Dlrcd r.11, toll_
otred bJr tLa raaltlos ot 2 E thlo.ulDbrt. lolt$l,oa raa 2j, trCL rolutlo!
Flpcctlvt1y, by a.a!s ol tro a.r._plpcttcs, lhrtcd rclI .Dd hrt to stand
lor , Dl,nutcs to Ltlatr tbo r.actLo!. tb. vtel rea tak.r tro. th!
co!t.i8a! .!d plac.d b . hot rater bath lo! 1.5 !iEut., th.a ooolsd
i! a ltrr.r of cold retrn. tA. vi.L r.E lrtulued to tla lrrd
coBtahc!, t rl ot t!. eltr.tq Du.ft.r ra6 .dd..at .t tI. .!rd ot tJrc

l,loDsr.tlo! eld thr ooltold drld tholougDly to luurq horoBrDlty.

9!r!rot.d.t1o! o.f fL tbCI prodrctr

Tolurr 19 rl
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lroD cluatea o.a tvo Alft$cDt g.larators duttt!|8 tro auqollrlv! y.oka
(thraa DlqD..latlors r roo* lro! q. tclclator cluetGs).

3.! elarldllg D.t!r abro!.tograltl,c rlll!! hld baa! clr!,ad out ot
8alple cllquot! o!. tbrac rhrtrs! tro. 1 D.Irr! !trlD!, ,or aroi
p!aD.IrtL@. 8, rrtDuol llt rat.r irer usca a! r rolvart, the
alovclopBt tlD ot tla cilorrtogr.u rr! , houla. Ilra slD.ratcd
laall,oeotlvl,tJr I!16 couDtrd afta! eutoradlogr.Dbrr tr I tlll_t Da
6cL!tL11.tlo d.t!cto! cotr!.ct.d to rl2_qiaru.ls f,ulla Ellght ..qllJrBer



(tructcar chlca8o), yh.!a thc activitJr ot th. sulphLda raa lrplessett
ar p.!c!ntrg. of tbe total eatlvlt, o! th. cbror.tog.!. Iba Bf.
o, th! Ecplrat.d .ctiyltlr on tho Etrips r.rlri ,ero tor !cf? couold.
ead O.5 - 0.5 lo. !c0; (radlochcdcat ltEltt.B).

Itgtbc. cigbt haptaaulphldc colloLda yclc pr.parad blr tJlc
pleviously ratttiolcd althod lroa cluatca ot ota galalator, lut tbe
bu-ttc. addod to oacb pr.palatior 1! the lilel at6p coltella varlabLe
co!q.!t!atio!6 o! tra08, vblch gavc a dLlfc!.Dt IIE ya1ue6 to tbe finaJ.
couotds !s.a8i!G lroD 4.4 - 6.2. ladlocbrdcal lrrrity trrn tor oacb
colLold yas d.tolDh.d blr asccldltrt papct clroDetogralAlr ald tbo pE

ot each solutio! yaa Deasured by a callbratcd I)E_E tcr (BadloDete!_
Cop.D.hagcD, type 25) vith a coEbi!.d 8la66-ceLo[cl .1octrod6 a8so&bly.
A Braph va6 obtailtod Bbovhg the elfrct o, DE variatior oL tho
radiocbcdcal pulity (lit. 1).

BEAI'IJIA rIrD DI6CU681Or

Ibc u.lefullesa of 1.chtctluE sulphid. plopatatio! tor Iiver
scarulEg Iruryoras is Blcatly drpeldalt o! the coLloid. charactsrs of
the pl'oduct, sl.lco th. pr.aeEce of Dilliculie quantities o! p€rte_
cblgtate h the teteretor eluatcar ilvolve such a Einute eEountEl of
99\c fs thc ordG. ot 1.15, t lOl atota/1O Dillicuries, that cheu-
lcaUy !cig? !or!.d i! the reactloE Eirtule does Dot forE a precipltate
o! evaE t! opaleacetce i!! th€ usual s6E6e. llLetetole tho use of a
carrier bacortr e! iEportart facto! to aecurc thc collotdal plopeltieg
ol tho prcperatioD. lloreov.r Ic2S? aLoE6 uLthout a ce.rtli.r \ydro_
IJrze6 eaaily to aolubLe peltecluetat€ i! aquoous solutioas f@.

Petton et at f/J, Uave irttrod.uceal fechletiur suLpLide colloid.
fo! cliuical use bJr acid leductioa of thiosulpbate i.rl pr.aelco of
llteniuB ilt folD of perrbeEate aa a ca!rie!, 6iaco it he5 regeablance
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&pedDeDtat ru!6 havc hdlcat.d th.t balt t!!ult! r..!
obtaLled at DE 5.2 - 5.? rhloh Blv. . trvourrbl. .trblltt, ot t[.
collold 8!d a blth r.dloohcriorl :dalo, yltLout rDl,r.olrblc gtrc\rafu.

corcurBI0r

locbtatlur sulDhldr ooUold Dlal,lrrad r!,th r oqrDa! orr8r,a!
givlE8 a Dloolslrg !.!ult!r ulil, th. lcf? to[r.A tr tDa Dlodnot hrv.
thov! a Sood BteDtlltJr lor . rxaloubla lalgtL ot ttx. D. o6oa0r_
tratioE o.f aolutloE us.d lr tha D!aotr,6 dttuta lrd ba6 ololar lslr
tho studJr ol lCrltlo! ol tb. Da.otlor batr..r th. Dl.lrclDrl xrot.rt!
ylthout loavhg .r arcaa! lt tLa Dloduct. !tr! orda! ot rl,rj.rt tla
lea8eat Boltrtlols 1l r cartrh aaqucror (r! ratttorad trrdaD t}rtaDa!.tlo
of th6 coltold) lE !.! hDolt.rt trcto! to !!t.8ul8d tn! r..tloolaj,od
lrleLal' sbca thc addltlo! of tlc rlrg.rt lolutlotr! b .r!r otD.! !.ql.rcr
giv6 a poor ldald.

thc rcagcat 6olutlo!! ulrd h thc Drclr.$tlol thotrld lot Dt IaDt
Eore tha! @c !o!th othlnyLsr dat.doratlo8 ot !o.a o, ttrrit oflltltE_
e!.t8 B-l1l, telcs DIae! a!d, th! Irloauct tgt br s.tlltastoErt aalraol.l,tJr
the thiosulDhato aolutlol rhlch lrput e blulli cololrtlor to tL.
prodlct rho! sto!.d tor a lolt tlr.r Ora$..tlrg tL rtrotlon rlxtula
glv66 tho aa!. lcsult .!d lhould. ba avoldad.

F!o! tha rorL rlltloncat b th1. pfDr! r it L.! brar rLrr tt tr
tho pDcpsrcd tacbD.ttur aulpDr.da couold., rsootdrrt to tDr! to[rlrtlorr
has paaseal tha chrdca1 oottlot latlst.ctodly Dut rtlU rot .dvlaad
lor routbr appllcatlo! ultll it roulA latlrf:r th. DlologlorL ao.t!ol,
irl partlcullr tho dlatrlbutlq !!d looalir.tlo! ol r.dlorctiya [taltd
la thc Llvi!A o*B.d.rr rhloi rlU bc ooasl.larcd h th! ra.r tttrrla.
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four se.ady saDple6 collectc'l fl.oD diftereat locelltieB aloDg the

llcarsbofe aoae of the soutbcaaterE Re'L Sca' Ieuea Alab Reprblic '

TraltJr six spa4icq of thesc beloDg to th' 8enu6 Quiacueloculine Yhich

,Yclcdi6cussc.Iiopalt1(D1-Nakhal,inprcss),andtgeltyole6pecic6

bcloa8 to tbr Ectus triloculina' Ihe lenaiDlng folDs rlhicb belon8

to tbc other folaniaifclLdal gclora' 'iII bc trGated ia part 
''

thc plcseDt pelt is eaiEly coEceracd vith thc ElfgggulE

apecics of HLicb 1. t.evclgaforrda is dcsclibed as a nei' specj'es' llbc

nauo !. rylElEgl is aut8e6tcd aa a acfl aalre fo! E' IA!E!g

Dc6he.y€6 t1l ' 
Yhicb Hao preoccupied by g' inflata d'orbi8!y' L2] '

I}ITBODI'CTION

l[ba plc6cEt iaork i6 e lecotuteissalce 6tudy aiEcd at lecoltli_Eg

tba criBtj.Dg foraEiai?elida I'a tbc uealEhorc zoac of thg 6outbeaEt't!

Ead Sca, Y.aea Arab Republic' Lidt'd by ibe aaturc of the BqEple8r

..' Do attaEpt haa b€cD Dad' to o4)leio tbe caviroDeatel factors affectlEg

tb! distributioa of thc recoraleil foros' Lite'ature Eulvey sho{a that

ao siuil'ar studlcs bavc bec! plcvlously caEicd out o! this psrt ot

r th. Rcd Sca.

All tbe rccordad sP'cleB arc dlgcusscd IE thrco aucceg6lYe palta

aB toflors:

' D●partnent Of Ceolo8y, 
●●■VeF8工 ty Or Sana'o, ΥeDen Arab Ropub■ ic.

■1_muetan31riyab 」Ourna■ 。■ SCience, V。 ■. う, N。・
 2,(1980).
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?a!t 1: co!c.r!rl.d l.j,tb th. 86aus 9g@gJt*g}iB dr olbigDy

(El-nakhal, ia prca;).

frrt 2: (IbG prcBcat pa!t): is d.vot.A to the 86nus !4@Ie
drorbtaqr.

?.!t r. Ui1I trcat tbc rcEaiDitrS E.aGre.

llElEoDa or sruDY

loEr sudJr Elrplla r.r. collcct.d durhg thc pcriod Febiuaqr-

lpdl 19?8, tuo!! th. s.a aboD. rt 8a11!' Eud{ydeh' zabc€d ald ltuLha

(!iB. 1). [lc6q sarpl.s rcr. collcct.al trot uca!6hofa areaa at

about '1.5 D drpth. OE. tru.Bdrcd Sraus o, cech of thc o!18iDa1 aandy

!.!pl.s I!r. tr6et.d lor studJdDg thair folaulDiferidal coateat

snd th., vcrc iead plckcd uldcr tha biaocula! eicroacope. sevela1

spqclqa r.rG ldaDtilicd by ustla th. cataloguc of foraEinifera f r] -

AIL thc lccordad apeclaa rcra draYa bJr thr eutbo! f!o! caDela I'ucida.

tI. tlaguclclr ol thrsc lorios itt tbc ditr.!.trt locrllties, is Bho$E

1! (ElB. 1). Ihc lllustrat.d apiBiocoe .tr dcpoBit.d iD. the Depalt-

rrnt ol CroLo! rr gdt'arsity ot SrDara.

STsIEUATIC DESCBIPIIOTS

lLq Brat.!.tlc posltioD ot tbc g.DuB blloculira drolbigqy is
acqordlDg to th. classitlc.tlou o! IJorbuch ard lappa,r f4]l

Hrr tro!$lDLtetld. Etchveld r 18rO

Subordlr }liltoltla D.lagc aDd Bcroueid! 4896

gu]r.tlr+t Ur tlilLolacea Ehr.!b!!B ' '1819

,aoIly t tltolldao Ebrcab.r8 ' 
1879

Aubf.dly QulaqulloculiaiD.. dr OlbigDy 1826

GrluB gEL!4!!4 dr orbignJr. 1426

gg!!gugg-4!& drorbls,rY

Pl. 2, liAs. tg
gg !s! !8EE1! DroBlrcrt,ta". 1r' (4, Eop.urd. ″

Irllocullp. alttal.8 D I OBBIOIr. [5J-!. 161, pt. .r. tig. 1.

ヽ
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E!@IE Elllgl EGurd., .trd B.ir1ic, BEofis, [6] ! p. 406, p!.
6, liaB. 9, 10.

H.loculitre glt1gig DroBBIcrr, suosrsrl?] , p. 48 (Do !i86.).

@e,:
t. .ff1ai6 ,rs tlcsclLbcd troD th. T.rti.lrJr of trrance 15) . lt

ras lat.r r.coratcal floD thc Ecccat d.posit6 of Solouoo lelands fZ] .
Th. toro wbich i.aa flgur.d by nroote f6] as I. Baldai, uost plobably
boloats to thc prcacat speci.B. IE I.DoD, T. g!J[ig!g occurs LD the
fou! Btudiod localitios.

Alilocullar Broarnlat ie.Es Dr Orbicnv
pt. 4, !igs. 10-1A

Trilocullpa Lrolsaiertli Dr OrbtBDJri fa] , p. fOO

fli}ocu1LBa Ltoaaalerti.na U;OrUig4v, Brooka, f6],p. 406, pI. 6,
tLAs. 14.

@g!

D(Of,blBDy fZl acacritca [. b.oDgli.rtla.ua as a foasl-l tor!
.6 rcII e6 &or th. ScccDt alcpoBits of ItaLJr. It ,as late!: ricordcd
lro! thc Eoutb,.u coa6t of Puarto Eico (B!ooL6, f6] ). I! the
ptcaoEt atu{y, I.blopanfeltianpa haa bc6tr racordeal ag a !a!e folo
iu botb AudaJrddr !!d Zabc.d E.a shor.s.

rr.j.locullaa hoychint SchluDb.1'...r

P]-. ,t tj'AB. 1716

llilocullpa boncbipi ssE,IrUBEECm, [Al , p. 1.19, p].. ,, fiB 6i
t.rt-fig6. 1,2.

rriloculina bicariaata Drorbittry, BnoOfS, L5l , p. 406, p1. 6,
llts. 11t 12.

bsrEE:
!.horcLipi wa6 doBclib.d fi.oD the Lat! loccEa of Auatlalia

and Itifippilc l8fatds, fS] . ft ,as tatcr rcco.atcd froE thc B.ccDt

●ヽ
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10-12 3. bronqllaltla'la drorbigny,
x 55.

PLere +

12
fror liudaJds.b sea sho!.

一
Ｎ



６
■
１
‥

５４１
１

４４‥
‥３●Ｉ

‥

FiAa. 1r-16 g. hovrchipi SchlunberUerr fron Iiudai.doh seashonet x 90.
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deposits of Puclto Riqo! a6 t.bicarireta dr Orbta4y L6] . Lr thc
Bf,udicd localitlcs, [.howcb.iEi occurE a8 q !.ro tor! lE Eudrvdd
aDd Zab.cd B6a ahotca.

lliloculipa iafl ata drorbltlJ
pl. 1t ft86. Z-9

Triloculiu. ElllgEg d I Olbi8trJr, ta] , p. ,OO, DI. A, tiA. 16i
pI.'17. figs. 1r-.1,

tror Iriloculiua itrtlata D.shaycs l,t) . t. ZJI, pl. 4rtlgs. l_r.
Irilogulipa idlata dt Olbi8qy, [g] , p. iro, pl. 2, tt8. 1g

Iriloculiae Sf. [ol , p. 4o2, pl. ,, fiBB. 4--6.

@g:
llha prcsaDt gpocic6 yaa tocot.'il.at !ro[ Itely atrit halco rs a

foaail ead floD thc Rccaat sedLDarts ot tha Uaditalra!.eaa Sae. It
t{ea let.r rcco.d.d floE thc coast6 of v.st.ra forth Alerica f9l ,
e.nd Pu.rto nfco fOl . ID thc p!.6oEt stu(y. t. lsJlata oceura la
th. lour localiticE

Tlilosulila th.uai!.nr dr OlDttu,
pI. 4, lta6. Z_9

T!ilocuu.la lllraclara ErO_l , p. a?r, DL. g tlga 1.1_1r-

rrilocutila lipaciepe d.r o!bit4y, EO] , p. qoe, pL. ?, !iAE. ,r4.
frilocultm liu.i.!. dr Otbig4r, [Z] , p. 4a (Do fi,As.).

icuarta:

. !.lllrl.fuaa ye6 doscrib.d t!o! tbc Bccont d,.poaita of Cub!
ald irauaiqi pO.l . ft ras latcr lccod.d fro thc soutJrera co.!t
coast o! ltrclto Bico f{l a.E<i lrou goLo.oa Isl.ndr f?] . IUc prcacnt
apcciaa occurs i.B tb6 tou! sjudlcs !a!plas.
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7-9  ユ。 inflata d:Orbigny, from Zabeed SCa shOre, X 8う
。
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Fi88. 7-9  1・  linュ eiana d:Orbigny, rrOm iuLha Sea shOre, X 90.

2ι″πε 4



triloculipa Mlglgllg ColliDs
Pl. 4, lla6. rF6

h.Iocul.lD. Littoretls Etr] , p. ,69, pL. r, tti. 12.

Ecrelka:

lhr pt.a6!t ion x.s ori8iErlly dqscrib.d fro. th. &6c6t
d.po8lts ot th6 Gr.at B.!ri.r e6at ol lustlalt ! fff] . g.fittoraffa
ls .bund.!t ta Eud.JrA.! r.. aborc .!d lrcqucat ia tL. lcD.aidng thrcc r
1oor11tt.!.

ftLlocul1a. loaFidcat.t. B.n(y
pl. r, riaB. 1-,

h,IoculLm itrorqite d.r orbi8DJr v!!. lolgLd.Dt.ta Lf2.] , p. rZa,
Dl. 2,t, tlr. 2.

@!

E.loBaldrpt.tr raa rcqold.at frot tho shall.or i.t.! off the Eouth
ol thr [lJu.la Eivo!, 6a! Dlcto country, crlirolai. ft{ . ra fcoca,
!.loEEid.!trt. occEra ra r! abundrat tolE ia Eudlrd.! ald Zabced,
fLcr.rs lt Lr lfcqu.trt tE 6.11t .!d lirt&e 6ca sho!.a.

ttilosuuE. EilILcEcEgi s Eorc

pL. tt tlAB. 1115

! .locuLlp. d.pd.adrats Erl.l , p. ,?, p\. ,, tleB. 11_1r.

EctllkE:

fovc ff7]l d.6crLbcd. t.ripdcacasl6 tuon th. Eoccuc of touisiera,
U.g.A. I! far.a, t.Eladcncpsia occulg ea a rar. lortr ia Eud4yd.ah,
Zabacd .!d ltukha 6ca sho!!6.

TliLocullpa ,lcolpflata acr. aeEa fo!
Ililoculiaa 14tl.te Dc6bryc6,,18r,

p1. i, !i86. .1O-.12
I

loa hl.locullpa rnrlata fz] , p. ,oo, pl. 8, fi8. 16i pL. 12, fig6.
1r-15.
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littoratis collins, froE }ludavdah seashorc' X 60.

?L47E +

64
FieS・   4-6 ■.

●          0`  ,

―

′ ―



ゆ
ф

1

F188.   1-う

2

T。  1。nRidentata Bandy,

2ι″ 3

from Hudaydah 6ea shore, X 65.
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Triloculiaa :4fg!g DESMTES C1) , p. 251, pl. 4, fi8s. 1-r.

Rc8ark6:

 celaycs f1l dcBclibed f.ipflata floo tho Eoceae of trralc..
! Ouc to thc fact thet. the EaDc !.iuflata Destayes fll yas p!.occu-

pj.cd by !.iDflataf2] , tnc new uaE6 !.Dcoinflata is sug8.Etcd. i!
tbc ples.nt study io! Deshaycsts IorD. ID Teoen, I.Eeolaflata occurs

r as a !'arc forD ill the fou! stduicd locelitics.

biloculira obloara (ltoDtaAu)

pI. '1, fiar. 1-,
Vcrriculuu oblorEuE I{o!IrAOU, 18Or, p.522, DL. 14, t1€,. g.

rrlloculiEr gp. ot. I.oblopaa (tloutagu), E+] , p. ,5.(!o ttar.).
rli1ocull.B. 9!L@ ( oatasu), E:] , p. 485 (ro figs.).
lH.locuuEe 9!I9E (t{outasu), Ee] , p. 4.14, pt. 1, ftS 1r.
Triloculiar oblopa. ( onta8u), EZ.l,p. +e, (ao fias.)
frtlocuiha oblopFa (!roatsgu); EZ:] , p. 12o, pL. 2, ti;tsa ,1?t 1A.

Eessgg:
l[. oblonaa yes describcd fro[ thc RcccDt depoEits ot Dcvonahllc,

Englattd (Montagu, ,lSOr). It vas latcr rccoldcd frou aouthceBtcra

louigirne, U.S.l. !+] , thc Eralish Chanacl E5] , ca6torD coa6t ol
IDdis B6] , soLouoD Istslds fZ] ald thc Ccutpel Alctlc Occ.n fi?:l .
Ihe paasont 6pccic6 occurE as e flcqucLt tor,tr i.D. Eudqyda-b ara shotc

. atrd rcue iE SaIi!, Zabcod. rrd ttukhe.

triloculiEa pcrobloaFa Gushlar

pl. 1, fig8. 16-18
' trLLoculiaa p.roblops. FA]t , B. 14r, DL. ,4t ti8a. 4, 5.

@,:
g. pcloblolr. r.s orlti!.Uy aaserib.d flor t}! B.rhr OLlgoc.lr

ol lLd,.!!r LlDsto!. EA] . U lcrca; !. prrobl@ra ha. b..D rqcorrdad

aa a rara .folr tn Sudalrdah act ahorG.
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tr'igs. 1-1 g. oblonfla (tlontagu)' fron zabeed sea shore' X 65.
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16-.4 I. !!!9!I9I}E Cushaant froE Zabcod 6e. sho!€, X 6r.
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Iriloculina quadrate Colliae

pI. L figa. 7-9

Erilocnliua ouadratg frr] , p. J69t pI. 3, fies. 11.

tssE:
Colliue frf]t acscribcd thc prcscat apccies from thc Beccnt

dcpoeita ot thc Grcat Banicr Rccf of AustraU-a. Ia the etudied

locelitice, !. ouadrate occura as a ralc forn in Salif and Eudaydatr

and lfu}ha rhcrGaa, it ie frcqucat in Zabced sea shore.

Triloculiaa rcvcrsaforois ap.aov.

pI. 4, fi'gs. 1-1

Deacriotion:

llcat frce, Iarge, eloagate, ovatc in outli:re; equatorial
periphcry_trianguler, a:Ial pcrlphrr? rounded; chambers tbiee at thc

laat rborl, 
"tSrn8cd 

in a triloculine naancr, Eubcrescer:tic, thc

laat cbeubcr proJeota iato a ncck at the pertural ead; suturcs curcd,
'a1t6ht1y d.cprcsacd; apcrturc gtrDcircularl terminql at tLc cad of a

ahort prouiacat epcrtulal ncck, rritb bifld tooth; waII caLcareous,

prorcclancoua; aurtacc oraancntcd, by loagitudinaL cogtao rLich arc

eltgDtly obliguc.

@Egr
3. rcvcraerforzis sp. Ell.,lost cloecly rceeu.l.ee both 8. ggg

drorbigny .rd g. littoralig Coll.lne. ft diflere fron !, reverga

ia Lrvlag shorter aad lcaa obliquc apcrtural aeck. !. !!!!@tig, has

corprcaacd chanbers and acutc axlal pcrlphcr.5r, whereaa the preseat

epcclca hea inll.atcd chaubcre ead rouadod Bcripher.lr.

!. rcvcrieforrte occura as rn rbuadant fora ia alL of the studics

locdl,tlce in ionca. It hee bccn prcvioualy roco!,aled aa !. gg. of. I
!. rq'crea, in thc Bcceat dcpositE of aortherz Arabiaa Guls (Sbob1aq,

uapu.bliehoil study, f,ural.t Ualvcrelttrr, pcrsonal. comraicatione) .
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T. 。uaarata cO■ lin3, From Zabeed sea ghOre, X 60.
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typ. locality: Nearshore zoae, about fou! kBs soutb Eude.yda.h port.

l[54)c specibetrs: Ilo].otl4)e atrd paratl4)es are deposited i! ttre Depalt-

deat of Gcology, Uaiversity of Sanara.

Di6tritutioD: Occurs as an abuadant foln in the nearshore zone of

Salif, Eudeydab, Zabeed aDd llukha.

Age: ReceDt.

DiBentions of the holot:4)e: Letrgth O.57 DD.

width o.r1 @.
Thiclacss 0.18 Dn.

fbe spccicE treroe refers to the resel[blI.'ae to T. reve!6e.

Triloculina rotulde dr orbi8ay

pl. 4, figa. 1)-15

Iriloculile rotuEda f21 , p. 299 (noD.Eud.).

Triloculine rotuada Cao:l , p. Ar. f19:l

IIilggCEB of. rotulda drorbiEay' BS] ' p. 1a' p1. 2, fia. 1.

Triloculi a rotuda d'olbigay' L"] ' p. taoz I pl- ,' fi8s. 1-1.

lriloculila rotud.a drorbi8qy, [aZ] , ,. 12O, !f. 1, fig. 21.

BeE rkE:

!. lotuada ras oriEinally describcd -fron the Receat depoBit6

th. Adriatic 6ca, rtary L4 ,0o) . It rea later recordeal froD thc

shore saDals of vestcra laai.ir fr9]t , the coaat of Arerto nico fe] ,

e.Dal tb. ccatral Arctic occa! |t4Z) . ," Y.DeD, f. rotultla occura iD

all of the atudled sahp1c6.

Tllloculioa glglglg Cuslmaa

PI. lr fi86. 10-12

Triloculine g!E4}gta [ro] , n. 29o, pl. 96' fi8. 4.

Tli1ocu1itle aubfsalruLeta cusuuan, f?] ' 
p. 4a (no fla6.).

BoE rka:
cuauraaa fzo] dcscribcd thc pr6scnt apccies frorn th. Bcceat

ataposlts ol thc Graet Batria! aaerr Austlalle. It Yaa later recotdctl
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rotunda d'Orbigny, froコ  Zabecd sea shore, X 9う 。
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Fron Hoュ Iara Bay, s。 10■lon lslands, louthVest PaciFic Oceall[73 .

In the present study■ . subRranu■ ata occurs in the Four ■o●a■ities.

Tr■ locu■ina suttuens■ s Asano

pl. 2, Figs. 4-4

Tri■ oculina suttuensis E24」 ,p.624,pl.ぅう,f■ g。 2.

Remarts:

Originally this species was recorded Fron the Neo8ene of

Japan P]. In Yenen,■ .suttuensis■8 frequent地 Zabeed 8ea

shore where as ■t is rare ■n the other three ■ocalitio● .

Iri loculiaa teroueuiala (Brad!r)

pl.4r fiAs. 16-19

Milioliaa terouepiala CZZ) , p.,166, pt. 14, fia. 1.
Tr.iloculine teroueEieaa (areay), f19] , p. 19, pI. 2, fil.r.

Rcparka:

grady @] describcd T. teioueuLane froE the shallor xat.r of
Ceylon antl l'laals8ascar. ft va6 latel., lecorded fron tha sbore saDalE

of westeflo India f19] . the pres.at 6pecies occurs ia'all of thc
studied 6aup1cs.

Triloculipe tricsriaata dr0rbi6ny
pI. 2, fiAs. 9-12.

{Irilocu1j.oa tricaliaata fal , n. aee, Uo. +.
llriLoculina tricar.iaata dtorbiS4y, fi9l , !. i9, pl. 1, fi8. 16.
TrilocufiEa tricariDats d'OrbigaJ, fal] , p. 86, (no figs.).
Triloculira tricerinstp OrOrUi6ny,.f7] , !. €, pI. ,, fiBB. 59, 60.

ReBa!ks:

g. tr.icalipeta was deEcribed froD tbe Red Sea fZ] . ft ras
later lecorateat froD weste& coest of Inalie ES] , tU" depo6itB of
the crsnd Baaks, Newfounatiend f2r] , aad. soloaon Isl-altds, 6outht c6t
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Figs.  16-19

７４１
１

18 19

T. terquemiana (Brady), frOm Hudaydah sea shore, 80。
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Figs.
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9-42■.triCarinata d:Orbigny,
X ,ラ .

2とみ″2

fron Hudaydah sea 6hore,
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recurc occaa f?] . 1. tricelhatr is froquelt iD sall'f scasbore

.rd atund.lt La thc r.Eriniag localltica.

SEL@IE ElggPgb (Leealck)

. pI. 2' tLaa. 1r-&

IEI@I@ tpiEolula (!.Dttck) tzfl ' p. '1? (Do fi86. ) .

E!@I!E triEoluLa (Lenarck) faOl , p. 415 (tro fi86.).

!E!-I@.@1" (Laualck) O>) , p. €5 (ao fis6.).

91414 Ei8grglc (Leuuck) f2?l ' e. '1r7, pL. 20, fi8. 4.

Trilocu■ ha triRollu■ a(Lanarck)E63,p.400,p■ .2,figs。 |う―16.

器 謎
塾 trigOm.3(LmarCk),191p。

・
30,p■ .2,fig.■ 7.

qhj.a colaDopolitr.u forD r,a6 dcsclibed troo the Eoceae of Fralce

p+] . ft w.6 late! rccortleal frot tbc Reccat deposits of severa].

palts of thc xorlil such aa: thc Gulf of CaL j.f orEia t)r) , the Atlantic
CoDtiu.lt.l Shclf, U.S.A. fZO] , tUe Bagli6h Cha.anel (ttuiray, a5),

!.at lDdLe fz7]! , reetcra t{oltb ADelica alal south Puerto Rico f5l .

Ia thc prcgc[t Btudy, t. tli8oDula hes beea recordetl as aE abuada[t

torr La thc fou! Iocalitics.

gi]-gggEB tlihedla Loeblich and [appan

Pl. r' fi8s. rt-6

&llocuLina tribcdra [ae] , r. 45, pI. 4. fia. 10.

gE!@lfe E!!!jt!a Locblicb and Iappar, [aZ]' ,. 120, pI. I, fi8. 10.

3!E4!Eq:
locblicL aaa lappaa fZA] dcsclibcd the present Epecies fron the

Bocotrt d€poalts of tbc Arctic Oceen, aoltlr Afaska end GreeEland. It
rra6 letcr lccoldad froE thc saEe occen frZ] . ra YeBen, q. trihedra

16 fr.qu.at iD Eudeyde! e.nd Zabe.d, rare ia }fukha, alld ebsent in
6a1if sca sholc.
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lril.oculiEa tubifolEie labc a.DaL Aga.ao

pl. I, fit6. 4-6

. I.iloculiDa tubiforEis tZSl , p. 116, pI. a?, fig. 9.

@:
!. tubitomis yaa dcscrib.d !!oD th. pliooe[e ol rGEt Jrv.,

I N.thcr1s.D6 r.at6g f29l . Ih. pr.6cat apccicB ocqurs as I r.ra ,:ot!
lD both 8elr.! .!d Zabacd 6..Bhorc-

ムOKN― DGEEEIITS

I a■ 1 8rateFul to Dr. 2. ■1-Wa88ar oF Qatar un■ve,sity, for

introducing ■O to the pre● oat 8tudy.  △ppreciatioュ  18 a■●o du●

Dr. S. Abde■  ■azaq for all● wing tho u● o oF tho oata■ ●gu0 0r =。r_

a口肛niFera at XuVait ua■ ver自 1●y.  The authOr erateFu■ ■y achOt■ ●d`es

Dr. ■. E■―Shatoし
=y oF Satlala tatvor●

ity, f。
「
 hi8 Lo■ p ■● co■ 1●ctillc

8aコp10 No.  ぅ.
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ON DOWLE STACE ESTIMAT工0■ OF TEE MmN VECT02
US工NC PR工On WOnMAT工 ON

|

21UEA工R A. EAMID AND II.A. AL―BA菫J「エ

AB6TAACT

A double-ste8e procedurc u8iDg Blainkegc tacbld.que is u66d for
the cstiDatioD of the E.a.a vccto! g ol tho aomal populatlo! yhea the

covsrie.ace latlir Z 16 k!ox! o! urhoY! usinS total o! PaltiaJ. prior

iuforuatioll.

I1{TAODUC!16

fattl [fl cor6idorcal tb. plobl.E ol .sthetils tb. r6s! C o! the

!.o!Dat populatl.ol bJr doublc sarpling pla.! vhc! thcrc 16 a prlor

inloroatioa go ebout e 1! th. folt ot i.litiaf velu.. Allold' 6!d

Al-Be,yyati, ffl coasldcrc<l a doublc stag. shlirka8c csti!.to! (DsgE)

of tbe Dean ot tba [orEal distllbutioa i! tbc urivaiLet. ca.c. llhei!

propoE€d e6tlaatio! t.ohDiqu. Ia to obtein a ..!plc ot sltc lrl (tho

EiaiuuE value of !1 is E2t{) to cornput. la e.!d tb.! colstruct a regtoD

R based. o[ th. p.ior i!.foruatloE Uo. If I e B rc Etop tbo BarPli-EA

and ghrink l,| tovard Uor tf lt f a, , or - tr-rl additlolal ' observa-

tioD ale tek6! aDd u6e tho D6aD ol elt I - trl + !2 obsarvetloar iE

useal a6 a! gstilat. of U. Eeacc, the DSgE ot tha !at! t6 tivc! by

' Ihc alticlc is bas.d o! tbG t{.8c. th.rl! of Zu.hd.r A. E ltd.
Locturcr 1! gtatLatics Dopaltlclt I Ud.v.rslty ot Aul'dr.DiFr
sulaL!.dra.

・・・   Director Conora■ of NatiOna■  Co■puter Center, 3antad.

▲■_■●3ta● ,■ rty●b 」●-3■  Or SCionco , Vo■ .5, コb。2,(1900)
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f
lr (!.-uo)*uo tf ii€Rt'

u- Il-
l- a"l, + al" - t
Lt--, - 

1f rlFR

E: Ihr gbrLlkage factor; O(f(l

lhe regioa R xbioh [inhitcd th. Eean squared erto! (lrsD)

or 7 Ia tlvcu ty :

slrlllkage tacbDlqucs bav. b.aD iEvostlgated elso bJr uaiker ald

fettl frli usilg doubl. saqr1.6 tbcLr .atl.ator ol tha laaa vecto! ol
th. ronal populatloas i.!

D - ( Uol

:,r i(1)e a

o- i(r) * .^ 1(2)

-=-=-- 
.-:2=- r! !(1)li Br

n rb1cb,irlDlz.d tha tSE ( E*Z % ) ls the Bphere

!(1) ,ur"u ls 6iv6! by

ヽ
′
　
　
　
　
　
　
　
　
】
　
　
　
　
　
菫
　
　
ｒ

B -[ i(1) 1(r)-(,r7 (2n. r .,! (2)

[U. obJ.ctivc ol tha abov..atLDAtorg ls to dlcraaae tha saDple

slzc ty utiurllg prlor infolretio! L! tbc totr ot iiitLel e6tLuate

a.rd. y.t to heve L18D a.f!Lci6!cy. ![b6 In8po.6 ot tbL6 paprr ls to

c6tilatc tL. !ca! v.cto! of th. lolEal poprlatlo! u6i!8 total sad

partial prlor lrlolEatiol h caac tha cc-varla.lco [atrit la k!ow!

eld alao 1! tha cas. it it i6 urbov!.

( r'+ r ) f2
( 1-E ) N
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ESTIHAT工 OW OF ■■L MEAF'EOTOR WEEr '・・Ⅲ

CO‐V鳳工AFCE MATRTY IS K10網

′

L●t工・ (X4,X2'・ … 'Xp)be a randoi voCtor wLOre th●
●
…
■00■ 8130 14 fOr each variめ ■oi● 亀・ (■1'■2'・…工tB4/

1 ・  4, 2, ..., P  han38 a p ― ■orDa■ diBtr■butio■
 ■■th unclyn 口3art

′

voctorユ・ (04,。2'・ …'・p)and a bO■
ln COVariance■ a"ユ=

Σ・ (σェJ)・ ,」・1,2,… ,po Supp● 80籠
at… pri¨ 菫Oma―

′

tioll i●   U。 ・  ( 01。 , 020' ・・・ ' 
°po)  。fュ・   ●O Wiぼ L t。

 ●8tiコate

ユ ●●t‐町 by u● ing tho ObServatio■8(X■1,X.2'・
'・
'X■■. but al●

o

ヽ日LC the prior infor… tiOゴ コも. The'■・
p。 80d OStilnatiOn te^｀

“
q●●

1● to“tal■ a gallp■ o Of 8工 20■|,COuputeゴ
4)andぬ
“
c".tttt a

rO●●■
=4・
 工f二(1)Cn.,… 08tinate g itt K(ゴ 1)― L+Ъ・

ェfゴ 4)≠・1,・0 0bta■i n2 additilDna工 ,80rVatio■ ,t●●菫Oa■ Cu■ at●
こ baoo。・3■・ ■・

+ユ2 °b80r7atiOn. 嘔OFeFore,

E ( i(1) - %)*% rr !(1) 6 n.,,

γ _

o. i(1) * .r 3(2) rr !(1)/ n.
r

ls tha shllrlaga ractor; o(r(r

84 xbich tihiDlz.d thc ngE ( t / \ ) i6 ELveD

,.- L(;t.l-qi <i{')-g.)\<-#l (r)

io! a proc.dur. to obtai! such a ..8io! aa, aec ffl'

Ih. u.a! .quafoal e!!o! crp!.aEloD ot ! ra Blvea by:

一工

一

１

１

ｌ

Ｌ

K:

The re8■ On

Ъo■●I:
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駆ψェリ・r[工 シ`ごつ_Dでつ‐D―辛暴ご1ら

+ fttl'ux.r-xl2 (%- si . E(1-r)(i(1)- si €,tL %)

+“―K江(L‐ 5C(4と 5]dFc“ ))+ t'・Σ    ←)

.nd tLo cr9aotad !.rpla !1,r 1r!

r(n/gr q) . r - (r-q).6@(1)c ary-(r <r)

!b DLra .rlu.!!to ef ( fe

r@/g; e,,l - 
{ L," - #n.'r- !) + (r-r)(!o- u]*et,>l (5)

!L.n tbe .xpl.!!to[r ot .lficl.lcJr of g rchttv. to ! ls
gtvan brr

Ff暉鮨2p・
高こ志希

=藤
石   

②
)ヽ3(・海:24)

tA. lGEloB q et tI. lDll,r*rgc c.th.tor t nic.h ls give! i! (r)
1! !e!. B.rcrd, tbr tL. r!C6 of f* rco lr glvon ia (A). If
Z-t, g- O rid E - I, thr t !r !qu.r.ai crro! rrprc66io[ ald tb!
!c81on ot tht Dropolcd cltl,lrtor rqduc.a to th. rr!! ggualeai cl?or
.Id tha lo8lo! ot U.l,La! .!d trrttl.r clth.tor.

!

IEB CEOICE OI IEB &RIXIACI 
'ACIOB 

E

h rrNr l,toblcu th! cioloc o! tb. Bbrj'tt.E. tacto! E(O(f <i)
ts lrlt to thr .rDlrLratta!. h tbi! sactior y. cotaldq! t!,6 .atL!8-
tlor r.lu. ot tr. lhorl)lon f4] catlaatc of e tL. v.Iuc of f vhlc!
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rlrhlt. tb! ttlB ot tr (6 - eo) + eo r.ir

^ ^/ ^ . ,\E. (e-eo)'/ (e-eo)' +ver(e) (8)

ll-Bqrtati .rd &iold fd ildicatcd thrt A - 0.6 yteld biBb

afiol.rsJr ot iih. ahrtrtagc cstLEtotf 1! th. ulivadate case. tlba

v.lu. ot tL. .btlrt.Ar lacto! E xhtch ddrizr t!6E of
r G(t) - %) r % t. 61vcr.t!r i

r - Q- yj <q- D/ q- 9t(% - I + rQ(r)- D'G(')- g; (g:

lcta tirt E Is . ltrctlor ot th. pare&t.rE U. E.ace r the
..tlr.ta o.f tla v.l,u. ol E 1s

工・ 鮎
―Dl%― D(島 ¨工).Q― D+EC(1)― Dlご

4)―
o (lo)

AsIIItAlrof, Or tEE HEAr Y3CIOB UEf,E EE
COVrIIIJCE I{ATEII I8 I'XXNOJT

In r.ction (2), y...suLcd thetzis hoy!. UL.t if it Ls lot
rgalrrgd to ba knorr tha touortrg catiratlo! procaAura fo! the [car
v.otor l, i. rroDo!.d. lt. st.rt vith tb" serpl! sizc 1(X at
co.o,rt. i(1) .oa 9 . ,Lo.

i,r 'u rrlt) - i(t)> GI1) - !(t)t and. coratruct q legion sl

r G(1)
!(1)e sn ra us. th. .brirtaga .atilator

+ q .! rr .stLrta ot g. If !(ty Bl rr talo .dditt @a].

t . ! - r, .!d !stlr.t. !, tv pool i(r) 
"- 1(e),

!b.!.!o!., th. D8AE .! g ls Alv.r blr

a.4)1. ot !ir.

.G(t? -35).% r.ri(1)€sr

q.I'
-%)

″
，
一

tr
;-1(r) . ;(a) il t\'.,e s-



The rc8ion sl which DiliDizctl th. nSE6/ !o) ia givea

bef ov:

s1 - L(r(1)- qi <r<.r- *, < ffil ,'",

lrb. [.4! aquelGal c!!o! lxpleaaloa or I in tlia case is

Blvc! bJr:
6

nsr6z gi 
",,, 

- jJk"'- $,6t'"- s)1G(1)- s)

―中 卍 鹿 rこ脅
00

+ム[4_。
2%_D幌_D+K4-0てつ-1%―

P

+K(4‐)幌-5(ゴ .)― uDl― ご(I(4)/乙 )ごOL/2)

+ tr・2.   0
N

Llhere

l[he ctpcctad EaDPle 6iz6 iE

r ( r/9r s.) - n - (tr-n1) e,{!(1)€ s.)(n (14)

eld tb. blas .xpr.asiotr or !' ia
o

g(6zu,s-)= f[[tr- +'lti(tl- ul
oS,

+ (1-E)(%- ul urG(')zf ,>ar<ZntZt <$)

F13a■■y the e=pre88■ OBAO■ OfriciOncy i8 8■ Vei by

BrfCo Ⅲ (16)
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:

EST工MAT工ON OF THB MEAll VECTOR
WITH PART工 AL PR工 OR 工llPORIAT工OII WHm THn
COVARIA'CD■ATR工X IS KNOW,

Letと =(X■ ,X2・
ラ
・Xp)l be a rand。 ■P=vttiab■ es

whereェf為、X■ 2・・・XInl),i=り 2,…・P having a P― nonna■ popu―

tti°
I」li∫

 
「(I:i::'al:iュ

:plhildilek:1lrC:Elili:。 ialitbout

a part of the Elean vector.  We want tO cstinlate the neatl vector

tl● Ing partial prior inforiation.  Devide the input X ュatrix and

the nean vector on a baslo oF a given pr■ or ■nfOn lation. Rearrange

u■n two pOrtions euch■ lat uヨ [(・ )■ ,(2)I]血ere(■ )ュ 1●

the portion on wttich we have the prior infonnatioュ  (1)u..  A180 the

correspondins diViSion iユ X =[1)X,(2)Al and Σ =(】lil  i22)
■here=

Σ
ュrく iと

‐ (1)嗽 i通 ― (・ )⇒ ,・ ‐
・
2  (■ つ

Let(■垣 田 d(2返 be the LoS.E.oF(■ 泄 and(2)■ : m

(■ )区(j)■ ,」 =.,2 be the L,S.E.of the ia  portion baoOd。 ュ j

th  e anp■ e, where:

Eぐ⇒夕り・O Li・ L2 (■ 8)

lhe plopoEed estfuatLoa techrxique i6 to obtalD a saEpLe of
ロエze nl,co口pute(■ )I(・ )ana(2)ェ・`),and then congtrtlct a region

i12 ba,6ed. on (1)U on1y. If (1)I(1)€ R2 , our estimate 16

K((1灌 (・ )― 型|)+(■ )%of(■ 迪 and(2垣 (・ )Of(2型 .工F(■垣 (・
学

R2' °
2 = lT‐
n. 8dditi°nal ob8erVation8 are taken and Fe Ca■ Cu■

`te
(1返 田d(2垣 b●●ed。ユNoヽgervation“ esthat● 8 of(■ )■ and(2)ュ

!6apective1y. lberefore, the DSSE of u = i
by

(1)!, (z)If1s e1v€s
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( /K1.,,8t"- (t)Uo) +(r)Uo \ -.n
I ( '"'{" ) i( u' x eR'

- I - tr) -(1)
U = .i t - n.trr !"+a.or 1-- \

I t{rl 
- ^;fr;i"' )'ru'1"'6 ",

t \ N' )
L

..
f,re 'tleglon 82 tddch Etntdize uLB <2fi,t <zlg"l Is 81Y.n by :

"r. (t.,x'l o.,g.f1o,!'L.rg.,<T#) (1e)

Ere Eoaa squareal srror or (t)i ts

rse (. r fi/o r fr ;1 1) : i,S 
ti- $ 1 1", X: urq/1xr 1 !l ru [) - =F t

dr(orX 
t) 

*dg(.'-xl'1org.;org;'1oru.- qrU ) + K(r-rl(urEguUj

(o, g.- 0, U) + k(r- r Xug"-tu [)trl':ll or Ul] af (u,!o) + *" (zo)

.!a th. !.at! aquar€al e!!o! grlre6aiott or (z)[ rs

use (czr [7tz r u ; R,) = { t (r- ii ) 3"r !Ya, u 
jlt.r{3"'u l- rt*F]'

dF(tzr 3o'; * [''?r" (zl)

'Er. 
E€.! Equcleil erlor ort - t trlE , (zD i "- t.

artlar..a .tt

rer t!/g, n.l . xsr(trfi7(t)p ; Rr) + trsn ( (2&(2)g, R2) Q2)

6A tL. DIl! rlFe6s1o! or (f) 3- ala (2fi- a,re tlve! reaPcctlvoly

br!



g ( ru ! /r.r r g ; n.; = J*. [t x - [ Xur!%u U )t (r-r)(o, 9.{', q ):ldF(urgaj
(2s)

g1tzr!7orq ;R.)=J tr-ftlterll'-eru-)dF(trr!(o; (24)
R2

slit tihs €alcctoil ErDDl6 6Lre ln thl' c.!o fu 8Lr.! tEr!

E(n/t'ru;R.)= N-(r-n,)Pr(rrr!(t)qq"; E 1 (6)

&o .tllclclcy .t1,r"..1o1 or !' . 1 11fi', (z)g i og tc
■ritteュ 38=

EFF(1′ 2,‐
MsEturu;Rぅ E←′ψu:R2)
3sTmTIol oF TIIB tt VBCTOR ttTE

PARTIAL nIOR Im∝駄 咀 ol mコ 嘔 E∞ vARIAICE
IIIAIT IIl IXOtr

I! S6cttcE (5) ro ueuea tb.tz 1r hoE fL@ Z Ir Dt
bion ths f.lloi.l6 artL!.te lor tt! E6.a vesto! g . ( (I)g , @g. I
le Propoecil. t r.to arc aEargsocat o! U .d lrtnlt I rat|l:
aldz lch rcre g1v€a 1a tg obols aoctttE. !. .t rt rltl tL
.rDl!.t Btro t oorputa (IrI(1) .Dd <aE(D,.r.|- (*.;-)
qelsta"rrot . ra8lD S2 .rould (1) po. ff (1E\',€ g2 r lrt! lt
ihr.rnl.tc ..tlr.tG r ( (1E(1) - (1)!o) + (1) !o ea .! .!t.rtl .r
(1) g .lrd (z)i(l) ot (2)g. Ir (1)E(1)+ s2 G t.tc D2 .anttb!.l

(26)
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ghe reSiorl sa nhich Ehljalzed. usE ( (1)f/(1)go) L! Slveu by:

s.=(tu,X'lorq.)'(o,E.L.,ru.) a ##l (z?)

Ihe DeaD equaled erlor of (1)! ls giveE ty:
o

MSe (tu ! /o, u, r.l = 
j{, 

I t*i $ I o,-rY u, uiC",1': r,2 1$']']
Jr(.,!o,7 i,,; ar 1!,,7 Z" ) * Ji [ (,-K),(q) u"-.) u;tur q.-.,r p,;

1 k(r-K)(rr!(rl- o, u-l1u, q" .,,,2; {,-x) Klur q.-ar g;('.u iu- tr,l u;]
ait"ii'7 i,,y-ii tl,,/i,,1* }lf, 1eB)

Whe?e

ぃ1全 Itr(｀
~・J嗽

「
_tthヽ色拝二1dl(1./z")= t29,

l・
P TP(PJスに"r{1し。:・っ

鳴  ■ean gquared error of (2)u i●
=

and the mean squared errclr expre88iOn Of笠 =((1圧  (2)Fr

can be expressed as:

MSE ( E/q ;S, ) = MSE(ru i/rr:,t-;5^1 1r'rss(erJ-/tzr U;S)

the biaE of (r[ana (z[ a,re glveo reBpeotivelv or, 
(tt)

o
B(,,!/tr.r u;s. ) ={.L( K- +)(.,, 

-dl (r) u) + (r-K)

(() u.-o)u-)]. dr (tui7 i,,) a.(i,, / 2-,,) (327
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B02,こス2,u;亀 )=乳
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く|)CC'だ
tCりり)dF(11ゴン

'i2paF(毛

電
)

Q'

ard tha a!.ct!a sepl. 61zo L!:

E(n/tuU ;Sr;=t1-1r-n,;P,.1u,-1oLS.; *4N (34)
-,[..fflclrlr, crprc6.lcE of g - ( (1)U ' (2)U ) tu efvea

by=

E,f(1ノロ)= くろ5)

L tL. Ir!1o! ,!tct atrra IL ls equ6L to tho bEo Yelue ot

I Qr . 9)' tL6 F tot ilLf:lorelt cxplq6s1oD6 lor tho Eear squ.r€a

G!aa, lltt, torrtotail r.uplc sl,rs sJril .ftlqleEqy of any 6b!LuL.g.

rtrraiar b, tubltltrttrA go I! !l.cs of g. Ib66e 6xl,ro6alo!6

tla Ar.f,lclot ll'!l tlra oorlg6t oldl.Eg exprasslotE ln caee of ! I !e
*LcL ralr glvs! Lr l[. rlove soctloDs.
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ClsE (i.),

Colsidc! th. prior iltorDatioa Jo - (al.Oe5, ,r.r1r). f$\
the fhst saEIrlG re .stiDate thc veluc of th. ruan vocto! rlal the

co-ver1e.ac6 !at!ir. l[o tcst rhrthGr rc usa tLG tlrat aerpla or

trot, ue use thc torrula lor thc lcgio! 81 ybiqh 1s Blvotr in (11).

Fo! gprcltLcd ?eluos of tr r.c 6ha11 Blt dlf!.!!trt r.8Iona flhIch

are Bive! h nabl. (1).

Tab■e: 1 - 2ogion●  ■or DifFerent Cho■●o of  K

エ S.

0・ 509

0.600

0.700

0。 300

0.900

t.zga, 1 ir.sg
t.zge. 1 za.*a
1.29s+ < 1r.O&

1.4e < 8.640

Fro口 the Tab■0 (1), 70 BeO that the ri,8t ●α口p■o ■o aco●ptdb■o,

日O Ve Obtali the ・ l・・・inka80 0Stiコはt●r ■hich are clven in Tab■ o (2)。
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llab1r : 2 - Sbri*rA. E.tlr.tlon to! Dltfc!.lt Vdtr. ot X

K

0.509

0.600

0.700

0.800

0。 900

は鋤

は:劫

傷:流)

(翼
:霧重)

θ:窮)
olaE (B) :

Lt ut ..sBD thrt t!cr! 1r . Drlor lrtonttor rbout Ul q$..
,o!.. atlaot fl.d, y.]r!! ol q r. !h.ll t t dltt.r.lrt r.Cot! rALcu

r ara 6iv.n LE !&1c (l).

!abl,. : , - E g16r tor DllLr.lt OLolca ol I.t

工
1

S2

0.506

0.600

0・ 700
0。 800

0。 900

2●." : 劉。586
2● .,11  ,  21.6● 9
20.●0%: 綱 。7242
20。 2うう9う :  頷・89607

19.8,7う  :  22.2725
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U!ir6 tL. tonle (4)t tlo rbqv. t.bl. .L a liht rr ntr
th. !b!trt.3! lltll.toD bracd o8 tla tl!!t t|rglc. ltc
r3tlrrto! ol tb ra.r. tht. orlotrht.d rr Bira tr !rbl. (+).

lrDla ! | - thr1!tr6. Elth.tor rlth ?rlthl H,oD htoarrtl ,
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80M工 Or oP s… 顔
"¨

…
m●AT工0■8 Am  工TS ‐

Elttlrr z. ttrll.ldl.!

^la!rlc!
[}. Erytb.r rlidlrtlo! lathod b.s bccl aucol..fnl$ rlrDt'lad to

tbc Eurcdc.l lolutl,oE ot lirrlt.D.ou! lhatr aqurtloE! l! a ulbo[a

usilt latlir .cthod. ltls !.thod 1! Dr.a.ltadr llrlcrrBtad .!a

allscu.s.d fo! !.lcctloa p!obl.!.

l!h! r.ra1!4.! o! tLc Papar Pr.s.!tB 1! . ooldltLoDl!8 ed totrlct

ol arror.

rnIBourcsro[

t{.$/ ot tbc probl.u of ru..rlc.l .!.]'rala c.! b. radtroad to lrlc

Droblr! ot aolyl!8 lilaat aystals ot .gu.tlo!!. frcog tbr Dtoblalt

rhtcb cr! ba ao troetad er. thc lglutloa ot uratar o.f .guatloB!. Ua

yill qolcar! vlth th. 6olutlo! o! ! sl!llt.!.ou! l'lDalr lqurtloat

iu n utihovDg.

lhc ucc o! latrir lotatioa 16 lot od, oo8vadatr btrt a*trcrl,
povGltul r ttt brtngiDA out frr.Ddalalte1 lalatloarbip.

t ctlodr ot solutLoE ol alurltEaoua ltlart cq[rtloEr brlog

.s..!tl.l,It to cithcr th. cl.rs ol dlract Dthgd! or tla clala ot

lt.r.u.v. lctbod. t'h. balt .!.!DIa tor't!a dltaot ratlod rsa Cotato

嘉‐ヽ」¬ib・
1・1'2…

"ュ
  
“
。つ

翌饉出鰹躍饉世 11嵩 ニマ面テー聖 ~~▲ェ…■u,tan31,■ 7`h J。~・  Or s.■ oコ●●
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GliDiratioa, ceusr-rolde! .ll.Diratioa LU dccoEposltior, ald fo! thr
i.t€retivc aethod alo Jacobi eld Gaua8-gaidal ita!.atiota.

lbcrc le ao problcD ta fiadiDg a.r.leltrtlc solutloE of, (1.1).
Craucre rulc givca us Buch a aolutioa.

A6 uenti.oaed baforo tbere arc uely ltcthoda to filra th6 Eolutior
of Eirdulterlaous liaea! aquatioas but r. c,ltlrot corprto tho ,rl! ol
avca or 9dd posltlo! elotr.ats dir.ctly by sraJr ratbod.

:
soIJulIoN 0F slrrulr.aNEouS l,InE.l! EQUAIIOTE

O!. of thc Eolt baBlc e.rd irioltdt p!ob1.!s ir .solaao! trd
aE8ia.olilg ig tb. accu.at. lrd .f!l,cL.rt ElruLtorcous solutlor ot
a Eyat.t! of r lhc.! 6quatlor6 h. E u.lboyra. lhi8 p!obL.! l!
nrittca ln th6 torr.

a4.x4 + a.2X2 + ・・・・.....・ + aniIB ‐ bl

a21X4 + a2を
'2 + ・・・・

.....● + a2■
=五 " 2`

Lrrr + \Zra + .......... + a-.a - br

llhcrc cach ar,r ( r ( r, r ( ;d r, .rd .rcb bt src b.n
valu€B end. x' f :( J ( n r!. th. u.lfnoyu. U. clr tlaal tLaaa
urrktloyag ra611y by.It.1net1or o! v.rLebl.s.

IE EetrLx rotetio! thla 6ct of .qu.tio! c.r d6o b. yrlttal
h th. forq

<2.1)
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(2.2)Ar.b r

Ubar.

ri'i aa 2

\r. \!

'r'

arA ra !h.ll uac thlr d'ttiElttY' lot'tlot! r!'r'v!r o6v![1'!t'

Urlll. ro.t DroblaE ir anrtrtcrl '!r1"1' 
tbtrt t! !o ilttlcultt

tr flldftg .r [.I/tlorl .olut''ol ot tht rylt" (2'2)' It8uniDs t'Lrt

d.t (A)l O tb. torlrlr r ' l-1b altcr u' rr 8rllrtlod Bolut''6'

tuDrlorl r.tLod! !o! .olth8 lilcr! rytttlt rri! dlvLdld iato

dl!.ot .rd lttrrtlv. rttDoA'r (U!'ct DtLodt '!! thotr t'Lioh' tB th'

.batroa ol tand-ott o! otL'! 'ro! YlIl yf'ld tb! 'r'ct 
lolutlo l!

r llrlt. rorb.! ot .i.r.!t'r!r 'lttbrrtlc 
oD'rrtlou' I! Dt'ctlo"

b.oer. . ooT,ut.r roDLr rlt[ ' !l!it' ror\C I'!8tLi dl'lrct DtIod!

do rot la.a to arrot aolut''ol' Irdr'di 't8o!r 
lrlr rouliott' l[tr-

b111t, lrd lot! ol lllrltlc'lot qt lcrd to 
'xt!'DlJr 

Door or 'v'!
uaalara laaultt.

Itr8rtlt! t ttrodt .!! tLo!' ttblob tt'!t rtl'L '! 
lDttl'l rl['r!d'-

rrtlot .ri $1oI !,, rDD\rl'a r tultrb\r olor'l rlSodt[r' l"d to

luoo.adrtl, Dattar rDtEldr'tior'

lor th.!. 1r r.r dllqet t'tlod' l'c' Eltthrl 'ltd!ru'@ 
xt'!od'

thtr r.tLoa h.! D..r ?rt, anoo'rlirlllr rDDu'd to ttr! !Nr'do'l

一
ヽ
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‥

‥

‥

、
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solutioEs of sihultaneous linear equatioD inrrtlDkDohls nsillg Eatrix
Eethod.

EAI[SA}, ELIIIII{AIION
r}re eiD of this lew ncthod lE to fiDd the 6olution of E sinul_

taDeous liaea! equetiots iE a uaknowDs by a natlix bethoai
auDa!ica11y.

Tbe idea of thi.6 Dethod is to reduce tb6 Byatea of 6queti.oaa to
upper tri.aEgular by systeilatic alihiDatioa of the eleDelt6 beLow the
dj.a8o!a1, efter that at th. coluEo rbich is itr the uppe! tlait8ula!
Datrix staltiag froe diagoaal eLaneata to uakc zero eleEert6 betreea
eacb tuo elcneDta abovc tba diagolal ybi,ch iB ilr the 6abe coluDa,
tbcDa-,fiaally iDtroduce z(rrio eleDoat betr,eea aach trro eleheita at
the !01{6 Eetlix. [he syEteb (1.1) is couve4tly ylitteu iD tb6
tlatril forE (2.2) rh6!. A - e.J is ttrq \D noDshgular latEtr o!
coefflclents, x? = (xt,--...rL) aua tT . (blrb2r---,bn) ,tth I
deaotttra the tralrapoao. trc Ehall u6e latrlr al8ebla & Eatrlr Eota-
tloi ertensively hrt aot orclualyoly iI thls Eothod.

Wc rllte out th€ syqteo (1.L) ta thc ior|{
aUrI + alfz +......... + a\A. bl

az: t + azlz + ..,..... i "aA - bz

, (2.3)

Arrr + \fZ +!-t.btr
lve aaauEo, of cou!6o, that t&6 DatDtr of caafflcr.eat6 lE Eotrahgular.
SuDpcrc a}1 I o. subEtrect tb6 Eultlpto 

ti_ ", the flrst oquatlea
f.oE tho 1th equstloD, !2...rar to 6et iic flrst dedved EJr.t€r

att1 + "rl2 + ....... * "r.a . br(r)

1:)X2+・ ・̈・̈ +a虫 )、 =b:;) 。(2.4)



(1)X2+° ・̈・..¨ +̈`島社●1・ )

The new ocefFicient8 31:)0「e g江7o■ by

4:)・ a.」 ‐■.BIJ ■・ 2,¨ ,̈2,(2.5)
n●●●,■b(1)・ b(:)   」・ 2,・ ..,ュ+■

nere..1=tl,1・ 2,… ,ュ.工 r.11口 。 ,■ e■ ,bO。
"●

A 18 コDn3■■‐ 18r, 70 Can get a ■Oar・ o「o, 01euo● t i“ the llppe, ■oft_
hand by interchanging t口。 ■0■● of (2.3)。   7e c`ュ ●ュ●● latercll●●80
tⅥo coltn●B OF ム to ach■ eve the ga口o erfect.

the.I:'.:量 1∫ trilII:Zelll∫ i:I・ ltil,半
■ ・・ ■,3,4, ..., ユ, aコd 80t the eecond dert,od ●yBt●B

a..ェ1+    4;)8.+…….・ +3(盆 、●012)

4:)82・・P83・ ……・…1)、三ち12)

`;)83・

・・・̈..+`菫 )、・12),(26)

(;)83・・・・・..+ま )、 日12)

・ "IP・ 4卜・.2・身)n,3,4…。,■ 。 (2つ
j口,,...]B●■

A3an,■F.::)_0,"o“ ュ te“

“

電 et‐ rO_●
「 “

■
―
● 80t

'-"'; :;:".:.':'il:I; 
1,* 

,-. r. rd
.qu8tloD fr{ tha lt& aqtrrtlG ,r (2.G)r 1.2.,tr, ....... l. r



3■181+    +31:)X3+41)・4+・………●・・・̈・・・

・ :1)82 +    3:1)=4・ ・・ ・̈・¨ ¨ ¨¨¨

1;)ち・ ・∫:)84・・…………………。

`12)84+°…・・̈ ・̈
●:....

感)、 +。…………

瓢●「●●1:)・ 31P‐E14・lP
■ ・  2,4,5,6。  。.. ・

■
      (2.9)

| ・  4,5, ..・・・・・ ' 3●1

・・ 1:)8ョ
由Ъ13)

。・望
)8r bF)

・準
)TЪ∫"

・編
〕Tヽ1"

:   :,(2.3)

+4)Tf)

,

・
OW・
・
bむ8。ti¬
:・
Om・ tip・

・・ L4・
 +  t彙

・・
 tLO r●ご th

equatiO●  Fr●ュ the ith ●qu● tiO● ■● (2.3)。

1・1,3,5,6, ..., 2°   ・ ° 80t tLO fOtrth a●「
t●●● ●rt‐・

・■■8■ 1+   al;)x3+    '4:)85+・・・̈
●●・●̈・+11)、・ 14)

4:)工2+   `望
)84 +`2)85・・・・・●̈¨̈。+`線 )ヽ・ br)

;ヽ)X,+    1:)85+・ ¨̈・・・●・・・・ 4遺
)、‐b;4)

・12)84・ 13)85・ ¨̈・・̈ ・̈・●J置
)、●b14)

1:)も・・"¨ ・̈・̈・・ 1は
)、・ rヽ)

:       :  :。 (")

場)、十…●……●・・4)ヽ口絆
)

1

1
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ru."" {t) . .li) - "r..13,

ContlanbA d,tL thl,. E!oo.!!
f■
"・
1 0,3te

31.8.+

ι・  ■,3,5,6,...,ュ
j・ 5,6,....● ●●,ユ+1

・ ll‐Ou811 n gtep8, ■o `rrive et tha

al:)X5+ al=f)、.  ・b12-■ )°
1')工 3+

8`:)X2+ 響 X4・ 8:2)86・ 墟-1)Yb舞。

1;)工 3+‐ 3`:)X5+ 嘔
=f)、
.1

1:)84 `12)86+
。1)1)、・ 1卜

1)

嘔:)工5 モ
=f)、
,.  ・b∫卜・)

11‐
1)、
・ 1'1)

(3‐■)
・ b3

al:)X6+

"tth the d■
88●●a■ o■●●。nt●  ●ユェ ュollzerO and ■Lere

. ,(2.ユユ)

モ:)・ 4卜・
)‐・lk 4「 :)

■itllコ.. ●

■・・ 0(2)● P2

k ・  1(2)●‐1   , (2.■ 2)

」 ロ エ+■ ,..。 ,ユ●■

■・ ‐ ■,...,ュ

, alvca (2.U,), th6 BoLutlo! tr .a!11y

#D、・申→

―∴■⇒ェ]……L
(2.■3)Noto● :

t - "13). tr



IIFp,wE USE :r● L ∞ NVENT工ON
1;::+4   

°

Ia this oethod if thc diaSolal elc6eEt6 in th. o'ld !ow' l'le

eliDeaate tha alcucutB ilt the evca lors ,hich i6 iE the sa e colut!

ald 6iui1lar fo! thc dieSola1 clcdclt i! tbe aYe4 row we elcDcDat'

the claDents iE the odd lorlrs trhicu is iE tha saDa coluErr'

Bhe Eqytban cLiEiDatioE aLgoritha i6

76

- 1(2) v1 (6tcp eount)

- O(2) !-2 (etep cou.t)

-f +1(1)! (ror count)

(k)

- "ik
(k)

"kk
-f +1(1)d (colu@ count)

(r-1) (k-1)
' tij - tlk ttl

■or K

for K

For i

・
lik

For j

Ｋ

ａ

repeat

(K)        (K ―
bi      =  bi

re,eat

repeet a strp 6tap

repeat e strp atcp

(l) I! cotl,rrt.! proBrau aupcrllt lotatior lot lrquilcd.
(ii) Itr coqrut.r Dro8ra! thr \k iay b. gtorcd aa alk .

(Iit) In colyrtc! pDoBEai tb. bl lay bc storcd as al.
(!.v) Lcavc th. flrst procc8s & . O' 8ta!t lroD tbe sacold

Btcp tr - 1. ald thc! tha thIld 6tcp tr ' 2.

一
　

ヒ

‘

ｂ
〓

＞

、一

Notes:

ｒ
ｌ
ｌ

ｌ
ｌ

ｌ
」
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nor 1!. tbG EeJrtha! Eack substltutio[ 
^lgorltL! 

tho solutLoD LE

tiv.a blr toU.orlrg AlSorithr

・ヽ b./塩

(1)

fOr 」 ・  ■ + | (1)ュ

811● ●m3+atJx」

,opeat  」

rt - (b1- sur),/aii

- 
lapGet i

Eor to c.lculrtc th. tot.l rulD.! ot rrltlpltc.tl@s ard
dlvldo[! b rotvbg dr r:E !t!ta! ot .qu.tlq! fr - b !y E yth,r
.Il.h.tlo.. !o ali.l[t. rL, tror ola .guttlor y. !!guL!! o!,.
atlvlrloEt to tolr ttr Dltlpll.r, era (r-/+f) Dt tlpucattG! r to
tor.r tLq D.r qotflcl.lt6 1+1, 1+2, ... , \ .!d tL! rar y.hc G
tL! dtht-Lld !1d.. 8irc. v. !..d to curlDt. {| rot 1!6 ol.
aqu.tlo! but ?!ot (r-fj oquattol, ra th.r.loD. rrguj.rc (t-I) (uvlr,.oa
.rd (r-f)(#1) Dlttpuc.tlonr. E!rc. tot.l Erb.! ot rr1tiDlt cr_
tt6! rld dft-Illo! r.qulr.d tor .Lttlittlorr, Droc.as La

g+r
-.I.; [r-tt . <.-tl<.-r'-.1] L/- i,2, ..., r , (2.r)

U. r{r tUnrtrrt. ErJrth[ .lilir.ttot blr lolva th. lollor.bg ryrtar!

】
　　・。

一
　　”

ｎ一‐‐‐‐

41 -rr+rrr-14-? ,

1-2rl-t2++rr_&4-5
(2.15)

(2.16)

(2.■7)
-3・・%+ち +484・ う1



‐
 歩 2 + ケ う ~ 姜 4 ・  :

7 '2~ケう十九 ●讐

-2 -ri- rr, - r4 ' -19

lurDrr o! dlvllion.

(n-r)
(4-r) ' '

I'L. aaootra Aalit.a rylt.r l!

れ  ―a3+れ・ 4

‐ケ2+ケう~:曇 ‐:
14xぅ - 24 ・・ う

.

‐88ぅ +2■4・
~22

(2.48)

(2.49)

ru●ber Of ml■ t■pl■catio38

(r-x) (r-r/+r )

(■4)(‐ 2+1)

スア う・ 9

,i$tlr.dA lrlttDl.! ot .quatlon! (2.r5)r (2.r7)r (2.r8) to

.:.lrtrr.tr ri. llta rDDlolrd.t. ru1tlDl.! 1r tblt cua *" +, - +'
- $ *iof rtr cor.d.ntlJr rot.d i.r th. lalt Ll,!d qolu@ tbua thc

lEtDaD ot oDalrtlo|! to alarlva th1! lrttcl r..!

■●ibo, of m]圧p■lcatiO■日

(3‐EX3-E+1)“4"."よ

(‐1)(■1+1)`4,...,.

ぅ=4・・ 12

t'L tltat dorlY.d ryltc! i!

-2 n1 -12+ 7tr',o'?

1a

-**n-5rz.rxr-ll,n--5

hrDar ot dlvlrloa!

(r-r)
(r-1).,

２Ｔ
　　
う冨

８
π

,      (2.20)
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NuDber of divisiots NuDbar of uultlplic.tloas
(D-r) (a-r) (n-rlr)
(4-2) - 2 @-2)(a-/1)

2t)-5

8bc tbird d.livod .y6tcD 18

+ zr,t -z\, + u4 - 6

―歩2  番L・ 壌
14xぅ _5x4・ う1   ,

'4・

η

NuibOr oF div181●●●

(コーК)

(4-2)・ 2

Tho final do「 l▼Od ●y●t●■ 1●

2x1     2も
    .・ 6

Iu■b●
「
 of mti,■ 1.atiOn●

(■‐工)(●‐E・ 1)

(4-2)(4-4■ 1)

281● 2

一九

482

―れ
vLIch by bacヒ mbtttituti●●●r▼・ 884・ う,■3・ 4,32・ 2,■・ 1.

コot● :

Th● コunb● , 。f divieion aro Oqu●ュ8 at the ttret a風こ 。●●●■d ●top

o■ ollコこュatioュ  a■d a■ ●● at the thtrd and f●‐ th.  8top Of 011-_
tio■ , ■●■●h ■●adB to th● ●o■o■u●工oa that at ●adh ●■■。● 8tep Of

e■1コこnation ve rop● at th●  ●●コ● 3u■bOr of  x  t● ■●●.

(2.24)

幾 ・ 1  犠

●
%

・
―

弔
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ID Ea]rthaD cIi[iaation thc uatlirl of co.fficients oa tbe feft

ha]td sida 16 coaveited ilto uppcr triengula! toln rdth sone zero

elcDcDtE aa EboHtr bclow.

Ｘ

　

　

Ｘ

Ｘ
錮

∃

Ｘ

Ｘ

Ｘ

Ｘ

--) -+

COIIDIIIONING IND SOIJ-ACE OI' MROR

Uo iltloduc. the idea of iII cotrditioDin8 blr coDsideri!8 the

tbe problcu of BolviD8 bJr sobc uethod the sct of .quatj'ons

A:r-b (r.1)

our aiEr ot coulsc, is to obtei! the eract or ttlrc golutioE x! rbich

aatlBllca

llt-b , (1.2)

but ilr practicc, rc obtail' Llatcad' a coDputcd EolutioB xc which is

such that

b-Ar.'r ' 
(l'')

llb6ra r Ls cellcd r.sialual v.ctor. rroD (r.2) end (r'r)

ait -ltc = r ' 
(r.4)

-4Ec!c! 11 - r. ' A-r1 , (r.5)

![bcrqtoDa r it soaa e]aicltta of fl arc lar8G, a s,lell coBpoacEt of

r or! stLl1 laatt e 1a!8G dilfcralca botraca rt ertd *c, o! ooEvcra'1y'

rc r6Jr ba fa! frol 1 tilrt r cer D.varthcloaB 6ti11 be sEa11' Oais

lrlrlia6 that yc calnot tcst tLa corllctlca6 of e co4,uted solutioa of

(r.1) r.r.ly b, itubstitutilA thG rcsutt into thc cquatiors and

,

Ｘ

Ｘ

Ｘ

Ｘ

Ｘ

Ｘ

Ｘ

Ｘ
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calculatllg tba rcslduala. 0r to put lt aDothcr Y(yr a.B rccutrta

soLutLoD, 1.r. e sua:,l dirrcr.acc b.treea rc !!d + riU rlvqtE

ptoduc. sr.L1 .csidualB tf tbc latrLr I 16 B.otlaLllcali bllt lrrU
laaLatualg do lot guarsltaa a.! acqulatc aolutL@.

[hcr. elc tbr.! soulccs ol arror i! tla aolutl@ ol t atat! ol'
lLDcat 6quetl,o!s. {:'hG llrst caus6d blr glfors b thr coalllclrlt.

aDd tb. 41.!crt6 ot b. Ulclr luch arlola ocour' l! rrlt llvc vlth

tb.D boceusc thcs. qualtttlcs lrc arpirical. It .bould oa th. rrl,l-

rical .Eors 1r hoxB Yc c..a do !o Eoro tha! u9. thl! to 8rt boEld!

oD thc artols i! tbc solutio!. uc ca!.c@trol tbLa aourct of a!!ot

by u8iDg doublc prccLalo! alith[ctic if !.eq.aa.!ar. tLc cocllLcirDt

slat vcctor b Erat bG rouldcd vhc! ar! ilrsert.d ilto th! corprtt'r"

1!hr sccold aoulcq ot crto! is the lou,l(lolt crror Latroducad LD

carculetiD8 tbc soLutioa. fhr thitd soulcc ia trrlcetloE 'lro!'

CONSI,USIONS

EaythaD cliDiaatioo is oD. lD tbo clesa ol dircct Dlthods lof

solvilg liDrer aystcu. Dlrcct Ecthoda are thosc xhlch' 1! th' abaclcc

of louDil-olf o! otbe! .rlorBr ,111 yield the 'xact Bolutlo! ia I

fiuiteaunbc!ofc1.!n6!tsIJralithlcticope!etio!6.Ittplactiq.tbccaugc
e coEputcr rolka uith a filitr Bord leD8tb' tbc dilcct rGtbodB do lot

lcaal to cxact aolutioas. IDdcGd' elrors erisiD8 frot! louDd-offt

iBstability alal loss ol tisllficanoa raJr lead to 'xtrcerly 
poo! o!

avca ugcle6a rcaulta.

The 6olutio! of Eeirthao 'liDiDatio! 
aethod by b'ck substltlo!

i6 uorc faster tba! GauBsi[e1ildj'Eation a!''L iavolv'6 e littl' coDlnr-

tatioD than Gauss-JolalcD cliEiaatioD' tr\lrthe! the aolution of Ii!'e!

systcD by HaytiaD ett&iDation ia eccurate'
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Il tta rrtrr.r ol coalticialtr csr bG cDter€d. l,!,to th. felt
atora of ooqrutcr thrn giythaE €llDiltatie is quick arlal lorc lccuratd.
tl rlao ti. utd,r ot co.tticl.ats bae so!. spocial prop.tty or
ttr.uottrrc Lt la'uaualL, t os3lblc to lacr.aaG thc Eurbs!. ot aquatloor
thrt orn t. ,ol"ad ttr vcry el.tlclort l,re8rra@1ng. EaJrthei olt!ra._
tr,o! oathod arc Dlot.rablr vbcr

(1) 8.var.l sctr of aqurtlonr ylth tLc sa!. coefflclolt
Dltrlr hut dl.ftclaltt rlBbt hard ald6s have to br rolvcd.

(ffi !L. ratnlr is laarly shtule!. ID tbLs daa6 sDAtl !eal-
tiuttr ao not trDl, atrtl .!!or. l,! the solutloa. ttri!
or! ba .rallt !ar! !r,[cc.

!!ha!aLt'ar (1 - r") rill hrvc lrrt! corpoamts rasE tha cotlt oEcDtr
ol ti. traldnd, r.otor l!i3 ...11 b.crrr!. soD o.f th. ctcrcntr ol fl
rUl D. lrr8., lt A tt a.qrly slDtrtlar.

tlarlll 1I t[. U.Jltirr clllr.!.tLoD r. caa fLDd that tha oad
lcla coatrbr Jurt tha odd polltlo! clcuentt elltl iB th! !vs! rot !
aotabt Jurt tia ara! tlolttlo|! .lc!aot!. fhatefono xr ol! coqrut.
lLa ru tl caa Dorltio[ .l.DaDts lBd th! atr! ot eveq polltlon .l.Dr!tr
rtt!..tlr.
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APPINDICD6

NOTE .A.T.ID FIO!/ CEARTS

It is coaveDieDt, lather tban regardilg b aa e sepa.ratc
coluDn vecto!, to coasids! the natrj.x A as beilg of orda! !f(ir+1)
r,ritb. it6 last coluDD .coutaining the eleueats of b.

],ISI Ot Y,A.RI,/|-BI,XS AXD IBEIX USE

NAUE USAGE

A o*(a+1) Batlix

n multipli. er"

ap

A. .1J

A
PJ

B.

alray of tha Eatlix A.

Iast coLue (cj,gcn valuce)

ve1uc6 of :, i - 1r2, ..., !

aliago!.a1 alrat

X.

App

t
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Flo!,._cheeT Fo< solvt.tc, A2 Hay Ta4M €UttrtATroN,THe nxn SfsTEM oF Eeurr\loN s 4y. h.

( Pis ?ivotat el{aft; scLc+d)
(i is ro.,r s.hcf.r)
( m iJ ,n{(tiplrc'-)

1j is col,r.^ scbclor)

if j rrof;
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A PhTm・LTIctt MODEL
OF A ONE― SEX POttAT工 ON GROWTH

A.R..■L―RAWI

ABSTRACT

A study of the age conpositi.on of population with changing age
specific birth and death rates are consi.dered. rt is assurned. that birth
and death rate! are functioas of age and tine. vJith these assuraptions.
wc dcrive our nathematicar rood.er. which is a voltera integral equatioa of
the second kind:' two nethods of so]ution are given .for thi.s nodeI.

INMODUCTtrON

. fn this paper wi shall etudy one_sex (feuale) population
growth *hich is coruron to nqgt of thc denographic work. Tbe preseat
problen considers tbe agc..etruciure of the popuration and the nunber of
ind'ividuals of different ales et any ti,e. Tb.is problen has been tackled.
by Coale fr , Cookc and fort fD:] , Kcyfitz f2l , ana pollard 4 with
different assumption. Tbeir nain assurnptions were that birth aad. d.eath

l

are functions of thc si-ze of population or agc, and in particular, arc
not depcndent upon tine.

lr/c assune that wc have aj,'crogcd population which neane that there
is no inigration in. to or out of thc popurati.on.. A11 other pbenoneaas
wldch could effcet ,ihe population:are allowcd to take pIace. triaally
thc birth ratc, deaih rate, and agg-d.erreity fuaction are considered. to
be functions of a6c and tiuc.
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It ia couoa kaouledgc thet thc Drob.btltty ot btltb of a ta!d.
drught.r dqt.Dda upon ib. aBo ot thr proap.ctr,va Dtlrqr rlrd tb! DroD-

abllit, o! dcath of a fruelr dcpcldr o! bcli .g.. Th. gvtllEDlc d.tr
for blltb ratc 1a diff.rcnt !t dif.fcrrlt tltc8 tor tb..r.!q lga grcup.

Ibu! ea dcflDc th! a8c lp.cltlc blrth ret. r(x,t) byr

r(r,t) . uD l-4 9r{u lcE lc ot lec x.t tlra t glv.! blrt!'t
to e t.[rlc d.ugbtcr lD th6 tlra lqtlxa.l (t,t.D],

rhrra pr [.] etanae lot th. Drob.btllty ot tb. cvcEt rl.alftb.d l!
th. brack.t!. Ey tblE dctlDlttoD ot r(Itt) ia r cotttr,Duour flrn.tlo
vlth rosDact to ag. lrd thrt brc.use .q. proprgrtes tdth y?l,oclttr 't

yltb r.!p.ct to tlDG. Otcoutsc tbls tutctlo! la lot etat to b. lqrsa-
tcat.d ..lrlttlo.lly by.].!.atatt fuDcti.ona rhloh rtot br arry to
!c!dlc. Ioravcr, lt .l8ht bq Doallbl. to llDd t\DcttoEr rhtob lould
!.pr.a.Et it .DploxlDatllJ,

I! th. L.rt r.otLoD r. yIIl dcliTc qt! r.tLlratlo.l rodal r.itcL
h.DDca to bc r folt.ls lrtagld .qurtlop of tDd.ltoood Uul. /ll.$aa
ot lolutlo! ol tbis lBtcglrl cqurtlo! lt coDrld.rad 1! aact,o r.

POP[r!^!IO CBO,B !rOD80

D.t . .8d b( O < a < b) br tFc rlnlsrt .!A !.rtrt tt. ot ollL
baahB |Dd lct

k(r,t)dr . lurblr o! t !.L. t optrl.tlou bat alo .!a x rld' x + dr .t tr.!. tl
E(t)dt . total Dulbc! ot t.lrl,!s bot! durbg (trtodt).

Clrrllt k(O,t) . E(t). 'Also l.t tlr DrobrDllity of irrvtvel

D(r,t) - r {a lcrelc Dor! rt atlrr to rrrvlrar to .!a
r or to tlrr t+rr.

ヽ
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!!oE thiE dcflaitioE it follo;s that
k(r,t) . B(t-r) p(x,t-x), ..1........ (1)

p(o,t) - 1 aDd p(L,t) - o yh.r. L is thc tnaxiuru fife apa! of
hdlviduala ia th. populatioa. th. fuDctiou p(x,t) i6 e EoDotoai-

caUy dcclaasiDt rhca ra follor tba eaDa aB6 gloup traD a$e o to
l. lrltb eI1 th.6c asauuptioEs end usiag Pi8ure 1, ye dovelop ou!
tathcuaticaL uodcL.

じ
“
ｅｒ●″

Ｘ
Ｉ
″

X rtdl Xt t lttt.t .ra

li8urc ,t.

-trloD rquatiou (a) r. hav.

t(r,o) - B(-r)p(x,-r), a.urt

k(r+t't) . B(-r)p(r+t'-r)

rblcb lol}ovs tb.t

L(r+t't) - k(x.o) o(r+t.-x)
●●●●●●●●●0(2)

P(x,-x)

!bu!, th. aulb.t of dau8htss botta to thosc rotcD bctrccl agc +t
.!d'r+t+dr at tl.a t yill bc

k(x,o) p(r+t,-x)
k(ェ+t,t)● (x+t,t)dx ・

p(r, -x)
コCx+t,t)ax.
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Eaaclr th. totrl !u!ba! ol d.u6ht$r bora brtraaE tl,D t rld
t+dt to tboac rorar yho ucra bolD b.loE tr,D t-o r,lU bc daotad,
by G(t) rld lt is Bi?ro blr

t t(r,o) p(r+t,-r)
0(■)‐ p(r,-r) ■(x+tit)dェ  .....● ●●●●●● くう)

Uhcrc . !.Dd b rtc e6 gLv.[ abov.. y. strould Dotc th.t

G(t)-6 36y t ) u, bcceusc t.f t> b tb.E r+t) u raa Uacc
u(r+t,t) - o.

Eot cvc.i tc[.Ic. bora.ttar tr,r. t - o vlll a].lo st.rt to giva

bitth at t) a e.D<t tb., y1ll doliurt. th. rcgtou t) r iD, }lgur. ,t.

At tLlr t (t) o), thc rorca tbolc agc! b!tr..D . ..!d b yll1 .lso
givc btrth. ho. cqurtioa (1) .!d ltgE!. '1 r. b.r., tb. tot.l Eurb.!
o! daughtGrs bot:! to tho.G yor.a rho v!r. bora.ttc! tlr! t - o rllL
bc: -tk(r,t) r(r,t)dr - J B(t-r) p(r,t-r) r(r,t)drJ

a
thclctot!, B(t) tr tdYlD by

t
s(t) . c(t)+ f B(t-r) p(r,t-r) .(r,t)dr ............. (4)

Jt
yh.lch is a ll.acrt Voltcrt IDtGt!.l oquetior o-t tha 6.coud ki!d. trot.
that tl B(t) LE hoyn thcr fron ('1) rc cr! d.t.ntu. th. pourl.tt@
dcDsit, lo!.rrJr rg. r et rnJ. tlrc t) o. .lhua kaorl!8 B(t) rc cra
hoy tbc agc Etluctur! o, tha populrtlo!.
Equetion (4) yiU r.ptcs.lt our Dth...tlcr1 !od.I.

HBIEOIIS Or aOlUIIor8

Givca a populetio!, y! crn d.t.!rhr rrb, L(r,o), p(r,t) .!a
!(r,t). Otcoursc a ald b .r. dlfl.rcut i! d.r.fl8.!t pop\rlatiou.
AlEo lroD th. blrth .ad d6ath drt. o: tb^ oj.".! poput.tlo!. uc can

oolEtr.ct .n crplicit rcptoaclt.tloB ol !(rtt) .!d p(t,t). BilsU,

卜′‐Ｊ
』



the dat of the age structure of the population at tine t.o ia
reo_uired to deternine k(xro). Note that any tine t couLd be coasi-
dered to be the starting point, that neans tirne t.o. For examp]g,

19OO or any other caLander year could be copsidercd to be t-O. |Ihc

best choice of tine t=0 is the sroallest calander ycar of whicb birth
and death data are availabIe.,

If a,b, k(x,o), p(xrt) and n(x,t) are given, then one can find
G(t) from (l) and then equation (+) caD be solved by the weII lotorm

uethod of picard successive approxinatione lrhicb ie dcacribed very

well in Millerfr]. The eecond. ncthod of solutioD is 6ivea ae

f oll-ows:

Since O ) r, there exist a positive tntcger [) f Eucb that

ra(t((n*r).
Now, for k = 1r2r), ...r rc define Bk(t) by

Bk(t) = B(t) for o(t(t'.

Then we have

Bl(t)―― G(t) for o( t("

and for Od`tヽ(a

B2(t)

Ｂ

　

　

Ｇ

ｒ

ｉ

～

ｉ

ｔ

t

i l B4rt“「
∈ロ

ror a( ta( ae

●(=,t)d=

for 2ヽ kヽ

Bk(t)‐

and then

珈
０

ｗｅ
　

ｋ．　
　
↑

Ｂ

　

　

　

Ｇ

Ｎ
，
　

ｒ

り

ｌ

ｔ

ror o(t( {r-r)a
_t. I B*_.(t-x) n(r'r-r) u(r,t)dr

- a tor (t-r)a( t( te
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thcaG 6tcps dcacrLbc ou!..co!d !.thod o! solutr,on to tta :'lDarl,ltoltc!. Lrtcglal .quatioa rhica rcpr.scDt thc lrthalatloal todal.
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