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I. The journal accepts nranuscripts in Arabic and English
Ianguagcs, which had been publishetl before.

2. Author (s) has to introclucc an application rcqucsting
publication of his m:rnuscript in thc journal. Four copic.s
(orrc original) of the nranuscript should bc subnriticd.
Shoultl bc printctl hy on tlrc cont;lutcr by lascr printcr
and rc produccd on A4 whitc paper in thrce coppiccs lvitlt
lloppy rlisc shoukl hc also subnrittcd.

3. 'l'hc titlc of {hc nranuscript togcthcr with thc rranrc and
arltlrcss ol'thc author (s) should typcd on a scparate shccti, both Arabic a,rl l:,rrglish. Only nra,rrscri;rts titlc to bc
tvpcd ag:rin with thc nranuscript.

1. For manuscripts writtcn in English, full nanrc (s) of
author (s) and only first lcttcrs of thc words (cxccpt
prepositions and auxiliarios) fbrnring titlc of thc
nr:rnuscript should bc writtcn in capital lcttcrs. Author (s)
adtlrcss (cs) t<l llc w,rittcn in snrall lcttcrs.

5. lloth Arabic and English abstracts are rcquircd lbr
cach manuscript. Thcy should bc typcrl on tlvo scparatc
shccts (not morc thcn 250 words each).

6. Figures and illustrations should bc drawn usirrg black
Chirra inh on tracing papers. Two photocopici 1ptur;
original) of cach di:rgram shoukl bc submittctl Captions
to figurcs should bt'lvrittcn on scparatc papcrs. The same
inlbrmation shoukl not bc rcpcatcd in tablcs unlcss it is
neccssary and required in thc discussion.

7. Ilcfcrcnccs should bc clcnotcd by a nunrbcr bctryccn
tu,o bracl<cts on thc sanrc lcvcl of thc linc and dircctll, at
(hc cnd ol' thc scrrtcncc. A list of refcrcnccs shoulcl bc
givcn on a scparatc shcct of pa;lcr, following thc
intention:rl stylc tbr natnes and abbrcviations of journals.
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8. Whencver possible, research papcrs should follow this

p:rttcrn: INTIIODUCTION, IiXPERIMENTAL
(MATEIUALS AND METHODS), RESULTS,
DISCUSSION and IIEFBRENCES. All writtcn in capital
lcttcrs lt the nriddlc of thc pagc, without nunrbcrs or
underncath lincs.

9. T'hc lbllowing pattcrn should bc follolvcd upon rvriting
thc rcl'crcnces on tltc rcl'crcnce shcct: Surname (s), initials
of atrthor (s), titlc ol'thc papcr', rt:llllc or abbrcviation <lf

thc journal, volutrrc, number, pagcs and (year). For books
give thc author(s) n:rmc(s), the titlc, cdition' pages'

publishcr, placc of publication and (ycar).
10. A publication I'ccs in thc atrtount of ID. 15 thousand is

charged upon a rcceipt of the papcr and upon the
acccptancc for publication for their ID. l5 thousand
should bc paid for the editorial board.
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Synthcsis and Spcctroscollic Stutlies A.M.Ali&Ra:li11l To Mclldi

Cur(ll) -- Ni(ll)> Co(ll)> Cd(ll;-' llgi(ll)> Zn(ll)

ClJiIl r-, riJ [M(3-lr1l)2C12] qs] iilriJt ,\J LlJl 4+Jl j!,+J lJ
rl' .Yl j! !=, t1!, .ijlJ.^-rIlJ 1.J*tljj,-llr irrrLlt .al.-lllill .pti ;. Jjlri,-ll ..-r$l-i

,rl I''J ej).I a4tjJl .l+e>,,:il i_)r il.-lJ+ t+J, i"*;-,lj qjlill -jUJJ)! JSJ \$-txll

,+;All -*.1+91 6- ilsl(,rl\r - r*ri J)-..1^.itjl.:^)l, (Nr);, iJ ;rr,-Jt

INTITODTIC'I'ION

Imiclazole is a ubiquitos ligand in chenrical and biological system
l-3). Thc coupline rcaction ol'inriduzolc rvitlr aryl diaz.oniurrr ion givcs
2-(art,l az.o) ilnidazolc (4). 'l'lrc cltctttistrl,ol'this class ol'az,o dycs h:rs
cxpattdcd in rlillcrcrt( clircctiorrs. ()nc ol'tlrc rnost irnpt)rtatrt uscs is us at1

analytical rcagcttts (-5.6). lrr adtlitiolr to thc Lrsc ils a stainirte agcr)t (7).'l'hc
ligand is iso clcctronic n'itlt (u-irnirrc) arrcl lhc activc lunctiorr is thc
(r-aicidic) a'zo iminc -qroLlp. 

(-N : N- C : N -). abbreviated as N,N' {N
ref'ers to N (iminc) and N' rcfcrs to N (azo)}. lbr this reason ct number of
these ligands rvcrc preparcd as chclatirrg li-eands (tt.9)

Wc dcscribe hcrc thc prcparation ol' somc transition ntctal
conrplexcs. r.rsin-u tlrc ncu' an,lilzt-r inridazol ligancl.

BXPBRIMENTAL

1- Materials and measurenrents

All rcagcnts and s<llvcttts rvcrc obtuincd liom conrnrcrcial sourccs
and used n,itlr out lirrthcr purilical.ion. 4.5-diphcnyl inridaz.olc was prcparcd
as dcscribcd irt tlrc litcraturc (10). l:lcrncntal arrall'scs lvcrc curriccl out by
I)crliirr-l:lrrtcr' 14(X) l:lctttcntitl atralt'zcr. lll spcctril \\crc rcctrrdccl on pyc-
[Jlricortt Sl'3-.]00 spcctroplttltotnctcr irt tlrc 4(XX)-200 crn-' rangc using Clsl

disc. -l'hc tttasttctic susccptitrilitics n,crc rncasurccl on powdcrcd sanrplcs
using thc l;aracluv Ittctltorl. lirr this purposc Ilalancc Maqnctic MSll-MKl
was cmplovccl. lllcctrortic spcctra rt,crc rnadc using ('irrtra-.5 (;llc tlV-
Visiblc Spcctru;tlrotonlctcr. pl I tt.rcasurcrlcnt \\/crc clrriccl ouI Lrsilrq
IlnNNn 1tl lrnctcr rttotlel lll 9i21.'l'lrc rnctll iun()unts ucrc tlctcrrninccl
ursittg atotrtic itbsot'ption tucllrirluc hr Shirnutlztr-An - 160. 'l hc corrdtrct:rrrcc
lncasurcmcllts wcrc carricd out at roonr tcnrpcraturc at concenLration ol'
(1O-rM) using conductivity Lrridgc nrotlcl 3ln. 'fhc ntass spcctrurn ol'
(3-lPAI) was obtainccl usin_rl (i.C-Mass-Slrirlaclz.rr QI, 1000 n (ias - Mass
spcctroplr otorrrcter.

2- Synthcsis of thc ligand (3-ll'AI)
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Sypthcsis ol(3-lPAl) ligancl (Fig.l), wls lirllowccl usirrg thc gcttcral

proceclire (11).3-lodoa,ilinel6.57g,30 mmol) was dissolved ip 80prl ol'

watcr and 8 r-nl o['collccrltratecl IICI arrcl diazotizcd bclolv 5C" rvith Na]JO1

(2.07g, 30 mmol), 
-l'hc rcsulting cliazottiunr chloride soltrtion r'vas trlirccl

with I,5-cliphcrryl imiclazole (6.(rg. 30 nrnrol) clissolvcd in alcoholic Naoll

solution (59, l50nrl) bclow 0C". Altcr loaving irr thc rcll'i-rrcratt)r over night.

the solid poduct was ljltcrcd ol'1. rvasftcd with cold watcr 500 nrl arrd

crl,stalliz.c,t lin,',1 cthanol arrcl clriccl ovcr CaCl3.'l'hc arralytical arlcl ;lhy'sical

iliita ot'thc ligarltl arrtl its cgttr1'rlcxcs arc listctl ip ('l'atrlc l)'

Fig. l: Strttcture of ligand (3-IPAI)

3- Synthcsis of the cornPlexcs

The appropriate mctal cl-rloriclc (co(ll). Ni(ll). cLr(ll). /-'n(lt)' cd(tl)

and Hg(ll) salts) (ln prol) in cthanol- rvatcr(l:1) 25prl nrixturc was adclcd

to thc solution of thc azo ligancl (0.9g, 2 mmol) itr ctliarlol 70r11l' 'l'hc

rcsulting solution was stirrccl unclcr rcl'lux lbr 30 trlin. thcu thc cottplcxcs

\\,crc plccipitatccl. 'l"hey wcrc renrovccl by tlltratiorr. washcd rvith I :l

cthatrol / u'atcr ancl tlricd ovcr CaC12'

RESULTS AND DISCUSSION

1- Mass spcctrunr of (3-IPAI)

I\4ass spccLrolllctCr data sttpport thc 1'lrtlptlscc'l strtrctLlrc' 'l'he iigarrtl

wils rrrr r.rsi,g tlrc tlir.ccl, inscrtion.'l'hc trasc Pcak hilcl tl lllcit:iLtl'cr.l ttll'tss ttl'

1+iO; .o.r.riunclint to a molccurlar 1br6rr'rla ol'C211-lrsNrl' tlrc calcrrlatccl

lir'rula r,vcight r (+io). 'l'his 1brmula is thc azo ligancl molccitlar 1ilntlula'

A l.ragrrrer tL at (Z,lc:220)corrcspor)Jing to the 4,5-IJiphcnvl irrlidazolc 
(rr)
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.,

Anotlrer liagnrcrrt aL (/.lc : 235 ancl 78) duc to 2-antirto-4,5-diphcnyl
irnidazole and bcnzenc rirrg respcctively ( l3 ). 'fhc successive 17

fragntcntatiorr pcaks are shown in (l;ig.2).

|

F-ig. 2: 'fhc rnass spcctrunr of azo ligand (3-llrAI)

2- Metal : Iigand ratios
-l'hc lltctal: ligalrcl I'ittios ol'chclatcs \vcl'c dctcrmiltccl by thc lrrcthocJ

ol'molar ral.io at tltc n'avclur-uths ol'r'rraxirrrurn absorptiglr. 'l'hc r,-.sults arc
sunrrtrariz,ccl irr ('l'ablc. 2).
1-hc conrpound (3-ll'Al) u'as lirurrd [o lbrnr l:2 chelatcs witlr,rctal ions
undcr sturdics. tltcsc rcsults arc in agrccntcnt rvith thc valucs rcportcd lbr
sonle arvl azo inridazolc complcxcs (14).
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3- Calculation of the metal complexcs stability coltstant

Cliclatc stability cpnstants arc obtaincd spcctropltototrrctricalll" trf

mcasurilg thc absorbarnce o1'solutions ol'ligand and rtlctal ntixturc at lixccl

wrlvc lcngth C nurx and pl'l valucs. 1-hc clcgrcc of lbrmation ol'thc cortllllcx

is obtainccl liortr thc rclaLionship (15).

tl : ( l- cr) / (4ctr Cr) ancl cr : (A,,, - A.) / 4,,,

W6crc A,,,, itrlcl A. ilrc [hc abstlrbalrccs ttt'thc purtially' arltl lirlly lorrlrccl

cotlrpIcx rcspcctivcl)' at optinlLlll1 collccntratiotr'
'l'[c culcglltcd log l] valLrcs lirr thc ltreltarctl cotttlllcxes itt'c givctt ilt

(Table 2). The stability lbllows the scclucncc Cur(ll) > Ni(ll) > Clo(lt) >

Ccl(ll) - I-lg(ll)>'/-n(lt).'l'hc high stabilitl'of (3-ll'}AI) tou'arcls Cu(tl) is
rcrulrliablc ovcl' Lhc othcr ions. 'l'lris inrplics actlnsiclcrably higlrcr- al'lrrritv

toward thesc ious.

4- Infr:rred spcctr:r

The tt{ spcctra ol'thc licc ligand (3-IPAI) ancl its nlctal cotlrl'rlcxcs

arc carried out in the 4000-200 cm-r rallgc (tablc 3)'

Thc strong arrcl broacl band at 33(r0 cnr-r in thc speotrLul'l o1'tlrc ligand

may bc attributcd to thc (Nll) ol'irnidazolc group.'l'his lrarrcl rctnaitrs irr tlrc

,o,r. regiol in li'ec ligand and in complexation. Thus. tltc rcntairling tl['

a11ine liydrogcn group intact in solid conrplcxcs, indicatirrg its Ilol'l-

involvcurcnt in coordination ol'thc ligand to thc mctal ions (lz'l)'

T5e spectrurn of ligancl shon,s"absorption bantl at l(rl0 cnr-r cluc I'o

u(C:N) o1'tftc Nr inriclazolc rritrogcn. It is observcd with a littlc chattgc itt

,ltape alcl s[ilicc] to lowcr liequcncics l(r00-1590 cnr-r irl thc llrc:parcd

ct.,rlplcxcs spcctrl. 'l'hcsc clil'lcrcrrccs suggcst thc linkagc ol'tllctal iott u'itlr

rritrogcn l-rctcrocyclic ring ( l(r).
T6c u(N:N) strctchirrg vibratiorr appcars at l4tiOcnr-r irr lhc licc

ligalcl spcctrar.-l'his banc{ ap[carirrg at 1470-1460 cnr-r with clccreascd in

iriensity, in thc spcctra ol' complcxcs. Both bands shiliccl atltl rc:clttcccl

i6telsiti, this nray inclicates that it has bceu al'tccted on coorditration with

nrctal iorts ( l7).
Ip Lhc lar ll{ spcctra olall cornplcxcs. thcrc arc llcw barlds tlbscrvccl

ir-r llic rcgion ol'580-260 crn-r r.vhir:h arc llcvcr becn obscn'cd iti thc li'cc

ligarrd spectrurr.-["he Lrands observed at 5U0-560 cnr-' 1M-N) arrcl 2t'i0-]60

.11-' (M-(tl) (-l'ablc 3) proviclc: c:viclcrrccs conccrnitrg tlrc bonclirrg ol'

6itrogcn apcl chloric'lc to the ntctal ions (18). thcrelilrc. lhe ll{ spcctra

ilclicatc tftat (3-ll,Al) ligancl bcliavcs us a bidcntatc chclatirlg agcrrt. atttl thc

coordirrating sitcs arc -N: N- atrcl N.r ntotrr ol'thc inriclazolc ring.

■
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5- Magnetic suscclttibility and clcctronic spcctrn nle:rsu retttents

As lirrtlicr structurnl Lools. rrragrtctic arrd clcctrottic s1'tcctral sttrdics
havc l'lcclr uscd to cor.rlrrnr thc gcortrctry ol'tltc cottrplcrcs. 'l'hc spectral

data arrcl thc ttragnctic tttotttr:ttts are listcd irr ('l'ablc 4)
'l-hc rrragnctic nronrcrrt ol'thc ('o(ll) cornplcx ltas l'rcctt lirund ttl bc

(5.23 I].M) u'hich is nitlrin thc rangc ol'octalrctlral cohllt(ll) corlplcxcs
1lt)).'l'hc clcctronic spcctnr ol'tlris cortt;llcr sltous Iltt'cc lrhsorptiott huntl ut

14700. l6-5"1.1 arrd l.-jS(r(r errr 
l tlrcsc lrrc ussigrterl to ''l ,911'; , r'11,u(lrXrrr).

'''l',g(1t1- , 'A,g(lrXt.,,) ruttl 'l'g(l') '1,-c(l')(trr) tritttsitiotts. t'csl"rcctivcl,r'.

which ilrc charactcristic ol'octahedratl stcrco chcnlisl.r),(20). I;or lhc
Nickcl(ll;cornplcx. its rrrlqrtctic rrtotttcrrt (-i.l ll.M). urrtl tl-tl spcctrurrr ol'
this corttplcx shutv buttcls ut 142(r5crn-1. attrl l22l.5crn-1. u,lticlt urc

suggcstirt-u tlrc cxistcncc ol' rAl-r.:, - r'l'r-g(ltXu:) and iAz-el-, t-l-,g(l')(ur)

transitions u ith an t-rcl.uhcclral spatial crlnllsuratir.,r.l'l ''ll'. I'hc nra-urrt:tie

nlonrcnt valuc ol'thc C'oppcr'(l[)contl'rlcx is (1.7 l].M)u,hiclr ntav su_rlgcst

an octi.lhcclrul structLrrc. lts clcctrtlrtie spcctrLrnr shou's a lrancl ccntcrcd a[

15649 .,'r'r-' whiclr nrav assigrrcrl [o tl,-,r-- ''l-rg transitiorr in arl

approxirrratcll' octahcclral crrvirorttncnt (19). /.inc. cadnriunr and nlcrcun'
complexes arc dianta-enctic and thc clcctronic spcctra ol-thcsc conrplcxcs
do not shou anv cl-d trarrsil.ion bantls.'['hcrc rvcrc thrcc absorption bancls

appcar at tltc licc li_rranrt (3-ll'}AI) spcctrunr. thosc arc appcaring at thc

1'rositiorrs. 40650 .,',',-'. 3.1 I l3 crrr-'. l--l l-lll cnr-r tlrc lrands .10(150 ancl 33 I Ii
ctn-l rclc'rritt-rt to lhc n-n'r' trartsitions ulrilc tlrc ltrncl ut ]3llli .,n ' i, rluc to
thc chargc trarrsl'cr charactcrs (-l),

6- Conductivity nleasurenrent

All chclatc cotlplcxcs prcpilrccl irr this wtlrk shoucd currductivitr,
valucs ritttscrl bcttrcctt 4.ti7-(r.95 S.tttol '..nr-'. (lublc 4). in I)Mlr al rotlnl
terrtpcrlturc. tltcsc vulrtcs ittclicatin-u that no corrcluctivc sg'lccics cxist (23).

Accorclirr-q Lo thcsc rcsults tlrc lbllon ing sl.rucLural lirrnrula ol'thcsc
conrplexcs rlray ['re prcl;-roscd.
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(M=Cu(II), Ni(II), Co(lI), Zn(lI), Cd(tI) and Hg(il)).
Fig. 3: The suggested structural formula of compte xes

Table I
Physical properties and analytical data of the ligand (L) and its

complexes
Found

Ca2HloNsl2C12Cu
49.0312.73
48.71)|(2.89
48,7813.05 ll.03

=J

粋 響主

5.46  1

(5.72)|
6.05  1

5.70)|

6.71

(6.30)~952  ]

(|()37)|
16.89  1

(10.80)

|().14

rqs{c.zltt 1033)
43.39 1 2.71 9,89

43.18と
_上里室重 (9.56) 17.:2)

s-5.8t i i.t1 | r:.q.r
,6.00)■メ3.33)J(12.製主4ti.6e 2.72 I r0.ii8
48.e3) l1:.ory i 1ro.sz

…

TIT'而
48.e4) l(2.et) I (ro.so

| I  L

2 I [CoL2Ct2]

3  1[NiL2C12]

C21H15Nal

C,121 I.nlN3l2Cl2Co

C42H30N812C12Ni

[CuL2Cl2]

lZ.nl.2C12) Ca2H3sN6l2C12Zrr

C42H■ ,Nx12C12Cd

Ca:HtoNsl:Cl:l'lg
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Table 2

Metal : ligand ratios dctcrrnination by the nrcthod of nrolc ratio and
s{ability constant valrrcs

(3-Il)Al)

Com

幽 _[_二堕 _1_至整生

'l'llrlc 3
Irnportant IIt frcquencics lbr thc ligarrd and its conrplexes

―
:

Clll

N¨H

翌,lLttl_|1毀ツl_111111■ _1_二要 |       __

33`JξtDr 1 15う JA「shl 14601 1~_56σ｀

nd

_1  亘亜正三|コI唖::匡菫壼_1三二墨二三

…
:師:辮  11i91_nl__|_1lQO w l

L・ ^0~`~_JJ_■ ‐ ■」∵l三 `1・ 三⌒ 1_・・L__ |_ 1'〕
`if i' 1 _ゴ

Yl′ ''  1  ■′Y」l  .
L=Ligalld,s=sti。 ()113、 br=br()と ld、 s11=s1louldcr、 n〕 =nncdiuill.w tt WCtlk

Table 4
Elcclrottic spcctt'n, cotttlttclivity itrrrl nrlgrrclic rnorrrcnl tlat:r ol'thc

Absorlltion
μefftBoM)

5.61

4.87

|__J2■__上__上ヱ

L
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ヽ
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５
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５
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ヽ
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ABSTRACT
'l-ttrv scrrsitivc spcctropl-rottlrrrctric nrctltocls arc clcvclopccl lor thc

clctcnrination ol'amitriptyline:-llCl in pharnraccutical tablcts. ['hc Irrst

lltcthod is bascd on thc lbrmation ol'chargc-trarrsl'cr cotltplcxcs lrctr ccrt tltc
drr.rg basc as an n-donor and 2.3-dichloro-5. 6-dicyano-p-bcrtz.tlcltlil-ttlttc
(DDQ). p-chloranilic acid (p-CA) ancl p-chloranil (p-CL) as n-acccptors.

'l'he products exhibit absorption maxirna at 450rtrr. 5l0nrtr attd

540rrrrr lbr DDQ. p-CA ancl p-C[., rcspcctivcly.
Bcer's lau, is obcyccl in conccntration rangc ol'ti-60 prg/rnl lirr thc

cornple:x rvith DDQ arrcl l0-40 prg/nrl lirr lroth corttplcxcs with p-Cz\ utttl 1'r-

Cl,. 'l'hc nrolar absorpitivitos arc lirurrrl to bc 3.ti9xl0'. l.22xl0' ancl

0.-12-lxl0r l.rtrol-r c,t",-' l,,t'DI)Q. p-CA arrcl p-('1,. rcspcctivcly.'l'ltc sccottcl

nrcthtttl is lrasccl orr tlrc cxtractiorr ol'thc lirrrnctl iott -itssociatiorr cotttplt:xcs
ol'thc drug r,vitlt cithcr thyrnol bluc or l'rromopltcnol ['rluc at ;tl I valttcs 3.6

ancl 4.1 8. rcspcctivcll'.
Both complcxcs havc altsorptiorr uraxinra at 4l0nnr. lJeret"s lau is

obcyccl irr a conccntration ralrsc ol'l0-40 and 50-l50ptginrl rvitli tttolat'

absorbitivil.cs ol' I .l9r l0r ancl I . l4x l0'r l.nrol-1.,',.,-' li',r. brottiophcnol [rluc

and thynrol bluc. rcspcctivcly. 'l'lrc nrcthods hold thcir accrtracv atrcl

prccisiorr rvcll whur applicd to tlrc clctcrrlinatiorr ol'thc citcci clrugs itt
closagc lbrrn.

Utility of Certain zc-Acceptors and Acid Dyes lor the

Spectrophotometric Deternrination of

Amitriptyline-HCl

Alaa K. Mohanrnrcd

Mohammed I{. Abdul latif

Yahya Y.Z. Faricl
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INTRODUCTION

Alrritriptvlinc is clicrrricalll j-( l0.l l-clihl,dro-5ll-clilrcrrzo Ia. cll
c)'cloheptct.t-5-r'liclcnc)-prop,vldirncthvla-arnirrc. [rclorr{rs to thc lariilv ol'
tricyclic arttidcprcssartt. a gl'oLrp ol' tlrurgs usccl rviclcll, in cpclogcnous
depressiort and ntal' also bc cljcctive in sonrc cascs ol'rcactir,'c clcplessiop
(l). Most cxistillg tttcthocls lirr thc tlctcrnrinatiorr t>l-anritriptl,linc in [rulk
artd irr pltartltacctttical litrrttr-rlations lrar.'e [rccn rcvicrvc,]: a11o,_e ot6cr
ilrlalyticill tttcthtltl lirr ltssrtvitttt ol'urnitript-r lirrc-l I('l arc spectr.plr.kr,tt:tr.1,
(2-4). gas cltrontal.o-qraplt.\ (.S.6). hi_uh-pcr.li)nl.liutcc lic}riri cltr,,rrral.o_uraplrr
(7-9). capillilrr z.ottt: clccttrrphorcsis (l0.ll) arrcl potcntiorlctr.ic ttZ.f :1.
1'hc chargc-translcr rcaction ol'ccrt:.rin Il accclttorc 5as bccn succcsslirlll
utilizcd in pltarlttaccttticul anal,l'sis. tll' tlttrn 2.3-clichluro--5. 6-clicvano-p-
bcnzoc}rinonc (DDQ). 7.7.ti.tt-tctracvarlocFrino_clirlcthanc tiCNgy.
tetract'anorcthr,lcnc (l C'NIr). l.-1.7-trinitrollor.en_9_ol.rc ( l).J1.). l.j.-5.6_
tctrachloro-p-bcrrzorlr,rirroirc (p-chorarril)and 2.5_clihttlr.oxr_j. (r_rlichlonr_
p-l'rcltzotluin()t1c t1t-clrlor;111i;,. tre itl) i1-e kllp\\ fe r icltl elrlrr.rc_tr.lrrrslet.
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cotllplcxcs and radical iorrs with a varicty o1' clcctrotr clotttlrs sttclt i.IS

anlines ( l4.l 5). clesipiranridc ( I 6). alkaloids ( I 7) and s()n'tc ccpltalosporin

dcrivativcs (18). Orr thc othcr harrcl. acicl clycs such as thynrol blrre .

bromophcnol blue. bromothynrol bluc, utethl'lcne blue, liglrt grccn IrCF.

and othcr has bcen widely used as ion-pairing reagcnts lbr quantitativc

anarlyses ol' rrrany pharnraccutical cornpourrcls (19.20). l'lrc ainr of tlic
ltrcscrrt work is to cstablish arr inrprovctl spcctrtll'lhtltorttctric tttcthtlcl lilr thc

cleterntirration of anritriptylirrc-l{Cl. by cxploiting its basic ttaturc atrcl

clcctrorr-donutirrg 1tro1"tcrtr. 
'l'hc rlc(crtttitrlttitltt is llitsctl ott cltltt'sc-tt'ltrtslL'r

rcaction with (DDQ).(p-CA) ancl (p-Cl.)ancl ion-associaLion contplcxatiotr

witlr thynrol bluc ancl brorrrophenol bluc (21.22). 'l'hc proposcd ntcthttcls

wcl-c lppliccl succcsslully to pltarntaccutical prcparatiorl with so'rd

accLlrilcy atrd prccisiotr.

EXPERIMENTAL

Apparatus:
1. A single bcam UV-VIS spectrophotomcter

Scientilic Ecluipment nrodcl DU-65 with l0nlrr
enrploycd lbr all spectral tncasurct'ttct'tts.

2. pl-l-meter rtrodcl l'W-9421 ftonr I'}hilips was

nrcasurcntcnts.

Iiont Ilccktuarl
glass cclls wils

usccl lirr all pll

Matcrials :rttd reagcnts:
All thc rea-ecrrts uscd wcrc ol'arralytical graclc:

l. Alritrilttylinc- hydrochlorirlc stunclarcl ;lorvclcr tltatcriltls (llrrrity
gg.5,7i,) ancl l)cprcz0l tablcts (labclccl Lo c0rrtain 25 rtr-q ilrnit.riptylirrc-

hyth'tl-lrloriclc) wcrc 1'rrtlviclctl ll'tlttt the: statc col.llpill.ly lirr clrrrg

iritlLrstriss ancl nrcdicaI appIiauccs siltllill'a-Iracl (SDI ).

). 'l-r1,ptiz.ol Iablc:ts (labclcd to corrtain 25rtts artritrilltvlirrc-

hydrochtoride ) wcrc providcd liom MSI)-USz\'

3. Anritriprylinc-hydrochloriclc tatrlcts (labclccl l.o cotttaitr 25tttg)

wcrc providcci liont (l-lM-llolclcn Mcclical BV-Ncthcrlartcis- I lolland)

anc[ (l)aror.r l)rr[i,hsh ;rltarrltil-l ran ).

4. 'l'51,nrol [rlr-rc. lxl0-i M solutiorl plcpitrccl b1' dissolvirlgl 'l6.7tltg

thyntol bluc in 100 ml 0.lNaOllsolutiorr'
5. llrorrrrlphclol bluc. lxl0-i lvl solutiorr (1trc;rarccl bl' dissolving (r7.0

nrg brogopltcpol lrluc in 5 nrl nrcl.hanol atrd cotl-tplctccl to l00nil b1'

distilled r,vatcr).
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6. DDQ solution. 0.\'lri in acctonitrirc. 'r'rrc solution \\,as prcparcd
ficsh daily.

7. p-CA solution. 0.l25oz'or,r,/r in acctttrritrilc.
8. p-cl. solution. 2xl0-'rM prcparccl br crissolr ing 0.0122 gnr in 1.5

nrl o1'acctonitrilc by r-rsin-rr a volunrctric llask.
9. Phthalatc bullcr (pll :3.60). 'l'o 250nrl ol' 0.2M porassium

lrydrogcrl phthalatc. I l.90rnl ol' 0.2 M IlCll rvas ircltlcd. ancl thcrr tlrc
stllutitltt \\'ils (lilirtctl ttr u llnul \,()lut'llc l000rnl uith vvatcr.(2i).

Starrdal'tl s(ock solu tiorrs:
I- Solution tbr proccdur.c A:

Onc ltt-u/trtl startclarcl solutiun ol'anritriptylinc \\.ils prcparccl b'
tlissolvilrq 25rlrg ol' rrtrritriprllirrc-ll('l irr ti-rrr'l ol' nrcthirrr.l. thc, thc
solutiorr r.rirs rcrrtler.ctl tlistinctll,trlkuline (1rll 9.0) b1,a rlr.op rrisc rll.0.2N
stlclittttl hl'tltrrriclc. 'l'hc sttlrttiotr rvas Ir'an:rlcrrctl irrto ir scglr*rtirru lir,,rrl
and thc dt'Lt-u llasc c\Lt'iletud lvith lirur' por'tiorrs (-5rul ol clil,,r-,,li,ri1). l5c
Itlixed clrlorolilrrtt cxtracts rvas llltcrccl throu-uh a llltcr papcr contairrin,e asntall alltoutrt tll'altltyclroLts socliurrr sullirtc into a 25 rtrl 

'.lunrcLric llusk
and dilutccl [o volurtrc u,ith chlorolirrnr.

2- Solution tbr procedurc l3:

I'lall' lrrg/nrl stattclatrd solution ol' anritriptylinc \vas prcparccl trydissolving 25 nr-tr.ol'arlitriptylinc 'was prcpurcd by dissolyipg 25 nrg ol-amitriptl'linc-llcl in a Irnal volurlrc 50nri ol:nrcthaiol b1 using"l.olr"rrrctric
flask.

General arral.yticar procctrurcs a,tr caribr.ation graprrs:
Proced u rc A (Cha rgc-tra nsfer corn plcxation):
l- Method using DDe:

Alicltrot t'tllutncs crl'tlrc stanclarcl stock solution-containing (0.00g-
0.10 nrg) dru-u wc'c r.ranslbrrcd int. a 5-.rl v.lurnctric llask.0.-5 nrl ol.thcDDQ solLrtiolt nas acldccl. und tltc nrixturc rvas allowccl to starrcl 15 nrin atroolll tentpcraturc (25+2 oc). artcl thcrr rlilutcd to r,'olurnc with accr.onitrilc.'l'lrc alrsol'llitttc:cs ol'thc rcsultin-u soltrtions wcrc nrcasurcd at t6cwavclcrlgl'h ol'tlraxiltlttltt alrsttrpLion (-t50 nrn) aglilst rcaccnt bla,k trcatedsinrilarly, ('l'ablc I ).

2- Method using p-CA:

Aliclrot voluntcs ol'the standard stock solr,rtion-contuinilrg (0.01 -0.07tttg) drtr-u r't'crc trallsl.:rrccl irtto a 5-nrl r,olunrctric flask. onc l-nl ol- thc p-

14
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CA solution was added, and thelt dilutcd to volumc u,ith acctonitrilc. l'lic
absorbances 01'thc rcsulting solutions wero measured at thc ,,vavelcnq.th tll-

ntaxilltull absorption (510 nm) against rcagent blank trcatcd sinrilarly
(-fable 1).

3- Method using p-CL:

Alicluot volurncs ol'thc starrrlarcl stocli sollttiotr-contailtirlg (0.01-0.07

rrrg) clrurg lvcrc: trarrslcrrcd irrto a 5-ntl volurrtctric llasli. Orlc Itrl tll'the p-('1.

soltrtiorr ancl Irvo nrl ol'thc ucctonitrilc r,vas atlclccl arrcl thc t't:ltctiolts r'r'crc

allowed to procced lor lOmin at (60 oC) in thcrtnostatccl watcr bath.'l'hc

nrixturc was coolecl ancl then dilutccl to voluttte tvith acctonitrilc.'l'hc
absorbarrccs ol'thc rcsultirrg solutionsi \\/crc tttci.tsrtrccl at thc rvavclctlqtlr tll'

rlaxir.purl utrsorl'rtion (510 nnr) ugainst rcitgcttt [tlurtl.. Lrclrtctl sirlrililrll
('l'ablc I ).

Optilnllnl conditions

'tablc ( I )
colour developntent of arnitriptylinc-HCl

tion
for thc

Ir lc

I)rocctlu rc l! (lon-pair lorluation):
l-Method using thYmol blue:

Onc nrl liont each solution-containirrg (0.05-0.3Omg) drrrg was

trarrsl'errc{ into 25-ml scparating lirnnel. ]'hc sttlrrtiol'l wlls tltcn trcatcd r'r'ith

l-ptl ol'thynrsl bluc solr,rtion. lrivc tll plithalaLc burl'lcr (pll=3'(r0) rvas

uslll charge- trilns r contplcxilu0

Itcnt
Amitriptyline-HCl

DDQ P-CA P.CL

Cono. rangc ol'thc
drug

(mg/nrl)
0.008-0.100 0.Ol()-0.070 0.010-0.070

Conc. of acccptor
(%wlv) or molar

0.5 rnl (0.1%) lnrl (0.125%) lnrl (2r10'M)

l{crction tinrc ( nrirr) 25 rttitt. At orrcc
I0-nrirr.

warmirtg

)",,,,,, (rrnt) 450 510 54()

Stability o['thc
corttplcx

Morc thart

2hr
Morc than

2hr
Morc than

2hr

[)issolving solvcnt Mctharrol Mcthanol Mcthanol

Dilutirre solvctrt Accturr itrilc Acctorritrilc Acctorritrilc

15
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addcd alld tllc conlplc\ \\,as c\trilctcd lor l rlin n ith tu'o portit)n ()l 5-rnl ol'
chlorolbrrtt. -['ltc 

or-rrartic lavcr rvas parssccl tlrrouglr anhvdroLrs socliurrr
sullatc irrto a l0-nrl volurtrctric llask. llrcn thc volurnc \\'r.rs con'rplctccl r,r,itlr
chlorolilrrlt atrd thc atrsorbancc was rtrcasurctl at thc r.l avc'lcngth ol'
ntzrxirrrunr :lhsor;ltiorr ("1l0rrnt) agairrst rca_qcnt blank trcatcd sirrril:rrlv
(Tablc 2 ).

2-Mcthotl usirrg brolrrophenol btuc:
orc r,l lrrr* cuclr s.luti..-c,rtairi,-g (0.0r-0.rtir,_q) dr-us \\;rrs

translcrrccl irtto 25-nrl scparatin-u lirnncl.'l'hc solr.rtiotl !\1s tScp trcatccl with
l-nrl ol'brorttopltenol bluc solution. Irive- nrl plrthalatc hull'cr (pll:3.60)
was adclctl lrrrtl thc cottt;llcx rvas cxttrctctl lirr l nrirt u,ith tu,,r pt,rti., .!'5-
Ittl tll'chlol'olirt'ttr- l'ltt' ()t'sl.tttie lrrvct' \\ as l)irssctl tlrrotrglr 1plr.r,.l*rtr. srrlitrrrr
sullatc ittto u l0-ntl r,'oltttttctt'ic lllsl... thcit tlrc rtrlunrc \\,as L\)t).tplctcd r'ith
chlorofilnn attcl [hc atrstlrbatte c \\'as nrcasurctl a[ tlrc n avclcrr_etlr .l'
maxinluln absor'lltiorl ('l l0nnt) against rca-qcnt blank trcatcd silirilarll,('fablc 2).

′
「 a blc(2)Optinruln conditinlrs lirr. thc

ll S I11

Conc.1・an3C Ol｀ tllc(l:・ Lig
0.05-0.30

ゴ里艶nl)__ 0.01o_o.180

Ct)ltc. 0 l' acccl-lt0r'
(t|i, u,/r,) ttr trtttllr Irnl (lxlt)-'\,ll I lrrrl 1lxl0-,M,y

Itcaction tirtrc (rnin ) At oncc I nr or(:(.--
/.,,,,,, (nnl) 41()

Stabi I i t.l o l' curnplcs 4ヽ()「 c thtl11 Morc tharr

Drug diss()|、 illЦ s()|、 clll

2hr   ___上
_____―  ユhr

Dilutirrs solvcrrt

colour dcvclopnrent of arnitriptvline_HCl
ion- pair fbrrnation

Procctl rr'c lirr' grhlr rrrr:rccrrtic:r r r,r-rrr rr t, r irrrs:
I-A;l1l11,ing rrrcttrotl A:

'l'c, r..blcts wc.c *ushccl rirl, tlrc c.l.r.g1y11
dricd. wcighcd antl llncl_r, lturvdcrcd. A c;uantit.-y,
cclttivalcnt to I5 nt_q alrritriPtvlinc-|ICI n,as .lisst,Ir,.,cl
rnctha,ol- thcrr .c.tlc' ulkali.c (p11..9.0) b-r, . cl*rp

ttsitt,u tlistiIlr:d rvatcr.
ol' porvdcrcd tablcts
by shakin,u r.r,ith 5-rnl
u,isc ol'0.IN sodiunr

Anritriptyline-HCl
Thynrol blue Ilromophenol blue

:6

Itenr

410



AL-Mustarrsiriya J. Sci. V(〕 l。 16、 N().4、 2()()5

hyclroxidc, thcr-r Lhc solutiorr lrltcrccl arrcl thc llltratc wtts tratrslcrrccl to a

scparator lirnncl. lbllowcd by 50-ml watcr. -[hc basc was cxtractcd b1'

shaking with l'our succcssivc 5-nrl portiorrs ol' chlorolitrrlr. 'l-hc ltrixcc'l

chlorolbrrtr cxtracts rvcrc pollccl through a llltcr papcr ctttttaitts anhvclrtltts

soclium sullirtc in 25-ml volunrctric llasli artcl cliltrtccl [o vtlitttrlc u'ith

c[lorotbrnr. 't'hc proccclurc was contit.tttccl ils clcscrit'rccl lttrclcr procccltrrc lirr

calibration curves.

2-Applving rncthotl B:- 'ltcn tatllcts u,cl'c r,vuslrctl liorn tltc color coal, ttsittl-l clistillctl \\'tttcr"

clricd. wcighed ancl fincly por,r,clcred. A quantity tll' por.vclcrccl tablcts

cqr.rivalcnt to 25 ntg antitriptvlinc was dissolved hy shal<irlg u'itlr 5-nrl

rricthunol arrrl thc r,,lr.,,rr. rvas tttutlc ttl 50-nrl w'il.lr cithcr'0.1M II('l lirr thc

;lrgccclurc usirrq thynrol bIuc or clistillctl lt'lltcr lilr'lltrrectlttt'c ttsirlg

Lropto;l5e,rrol blLrc. 'l'hc solutitltt wils I r ltcrctl atrcl [hc ;ltrrce:durc \\''ils

cgpLipr-rctl as clcscribccl rurrlcr proccclltt'c lirr cltlitrratitln cLll'vcs'

RIiSU LTS AND I)ISCUSSION

Chargc-Tra nsfer Conr plcxittiotr :

Absorption Spectra:
Certain n-acccptor rcagcnts. st-tclt DDQ. p-Cn arrd p-CI- arc liuowtr

to yielcl raclical ions (lbrnrecl. in sonlc cascs orrly, prcsunlably via chargc-

translcr complcx lbrrrration) r,vith a varicty ol' clcctron clonors including

aurincs, iodiclc ion ancl nictallic salts. 
-l'his donor-acccptor intcractiorl has

bccn investigatccl tilr alkaloids ( l7) artd sol'l'lc phartrraccuticals

(14.15.24.2S)irittr irttentiolr to thc analyl.ical application. 
-l'hc rcac:tiotr ol'

amitriptylinc rvit[ DDQ rcsr.rlts irr thc lbrrrtatiorr ol' itt.t itltcl'lsc lltrrlllc
bror,vn-iolour procluct, which cxhibits trvo maxitrtltttr batrd at 45() arrtl -580

nni (Fig 1).

17
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anion in acetonitrilc solvcnt. whiclr cxhibits art absorption bancl a[ 510 tlrn.

Olr thc othcr hand a p-CL soluLion in accLortitrilc displayccl a tuilxitrtutttr

al.rsrtr1lti95 band (I,,,,,,) nt 4ti0 rrrrr. Mixin-u tlrc solutiot't ol'ittt'titt'ipl1'lirrc-ll('l

t9 a solutiorr ol'p-{.i1. in acctonitrilc lrlr l0 min aL (r0 o(l rcsultccl itt a changc

pl'thc ycllovl'colour ol'thc p-Cl.to it glitlc yclltlu ivith a tlcu'charlictcristic
band (bath chronric slrili) nt 5-t0 nnr (l;ig 3).'l'hc tratrcl tltal'bc attribtrtccl ltr

thc lilrnratiolt ol'a p-Cl. rltlical ltltitlt.t.

Ｒ

属

Ｊ

Ｏ

Ｂ

く

015

01

0_05

(a)

(b)

-- 
--/'

550       600400       450       500

Wavelength(n rn)
s pectra oiFig(3):Absorptior、
              MP_cL at pH=90(a):0 04 rlng/rni dru9,4x10-4
4MP― CL in aCetonitriaie(blank)(b):4x10=

Optimization of variables:
Effcct of pH:

'l'[c inllr-rcncc ol'pll on thc lilrniation ol'tltc colttrcd cottll'rlcx spcclcs

bctwcen arnitriptylinc-HCl as n-donors and DDQ, p-CA and p-CL os 7i-

acceptor reagcnts was systetlatically invcstigatccl lionr pll5.0 to 13.0 b1'

ad.iuiting thc pllol'the studiccl solutiorr with 0.lM IICI ancl 0.lM NeOll

,oiutioni. A plot ol' a[rsorbar]cc vcrsus pll sholved that althorr-e,h tlrc

nraxinrum absorbance was cotrstatlt at pll 9.0-11.0 (lrig 4)' Also' tlrc

absorbance dccrcasccl signilicaptly liorrr pll 5.0-7.0 ancl pll ll'(l-13.0.

whicS r,vas pr6bably cluc io thc lbrrnation ol'a ncr,v spccics. Ilcncc a pll ol'

9.0 wits usccl itl lll thc sttL'rsccluctrt cxpcrintcntal worl<'
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r\lll K. Nlohlrtuttctl ct ct. al.

_工上 )

才
´

´ ´
´ ´ 一一
~~~~~~~― 二⊇

pH l°
1)i pil(,ぃ :|、 c・ ::l,s ol[)rincc Oi

4x 10-3 M Dlメ D,o o3:lIJ/nJ diuc」 at450 n,■■
19x10-3 MPCA,004:¬ 9′:ΥJ drug at 510 nm
x10-4 MPCL.004::u′ rtt drug at 540 nm

12

Effect of anrount oI acceptors (Acceplor. scnsitivitics):
'l'hc rclatir/c scllsitivitics ul'tltc thrcc ucccptors calt bc tlctcrnrirrcrl lrr

conlparitls thc ntolar absorptir itcs ol'thc chrornosclr ('l ahle j ).

opticaI ctrrract,'istics u,,,r ,t,t1r'I::litl,,," of tt'e rcgrcssion ct;uations
for dctcrrnirr:rtiolr ol'anrirri;lryIinc-HCl rrsirrg l)De, p-('A antl p-CL

A=a+bc、 Att Abst)rba1lcc.c c｀ ()1lcCiltralit)11
一

` l 
ヽ′・ W=

whc, various v.lur,cs ol'Dl)e. p-cA antl p-CL \\crc addccl to a
frxcd cottcctttration ol' arnitriptr,'linc-llCl and atrsoi.bancc \!crc nrc.lsurcd
accordin-e ttl tltc stitntlttt'cl llrocctlu[c. it uus 0ltscrVccl that 0.-5-rrrl 0l'0.1,)ir ol'
DDQ. l-lnl ol'0.125"'i, oi'p-('A itttd l-ntl ol'lrl0-r M ol'p-('l ncrc lirurrd

rnet Irotls

Pararrtetcrs

Amitripけ :inC―HCI
DDQ p…CA p―CL

Lincaritl, raltgc oI'thc clrur_e

(pg/nrl) 
_

8-60 10-40 10-40

iVl o lar alrsorp it i v i tr
(1. nrol-1. crn l)

38り 1ヽ0 | .224、 10｀ 0.423x10

Itc-ercss iun cc1 rral. ion :

0.O143Intcrcc;tt (a) 0.0699 0.l125
Slopc (b) 0.01243 0.0039 0.00135

09959Corrclat iolr coc l'lic icn l. (r') 0.9りり5 0.9969
llclativc stanclirrul dcviut iorr (()i,;

l)ctcction lirnit rrl l)
0.53

0.0り 57

0.24

0.12267
0.ヽ 6

0.()1915
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to lre surl'ficient lor the
intcnsity (Fig 5).

procluctiorr ol' trtaxit't.tttlrt and reprocluciblc ctlloLtr

Effect of reaction time:
Although thc colour intcrrsity lor thc rcaotiotr ol'anritriptylinc-ll( l

'uvith DDQ was proclucccl instarrtarrcor.rs. tltc oolotrr tnaxitt'ttttri lirr tlrc
rcaction was rcach alicr 25 nrirr. [Jul" [lrc colout' ttraxitttutll \,vtls obtaincd at

oncc in casc ol'l,-Cn arrcl ncccls hcatirrg at (r0 "(' litr l0 rrrirl iti casc ol'p-
CL.

Calibration graph (Becrs' law :rnd sensitivity):

l]rrder thc cxpcrimental conditions clescribcd, stattclarcl calibratiorl

curvcs lbr amitriptylinc-llCl with dil'fcrcnt II-aoccptor rcagcttts wcl'c

constructccl by plottirrg absorbarlcc vcrslts cottcctrtratiott irr thc rarlgc givcrl

in (1'able 3).'l'he correlation cocl'ljcients, intercepts and slopcs lirr thc

calitrratiorr clata arc calcttlatctl trsirrg tlrc lcast sclLlarc nrctlrod (26).

Stoichiometric rclationsh iP:
Job's continuous variation graph lor thc rcactitltl bcttvcctr

anritriptyline ancl DDQ, p-CA. p-OI- (lrig 6); slrows tha[ thc itll.ct'itctiott

bctwcen thcsc contpouncl occurs OIt elll cclt-tiontolar basis.

o.5

o.4

o.3

o.2

ol 
rg I ___-

oo.5 1

Volume of reagent (m l)
Fig (5): Effect of reagent volurre on the absorbance of

(t-t) 4.4 x 1O:' M Dfrc, O O3 rr11/rlrl arntriprtylit-tt:
(b). 1.19 x 1Or M P-CA, O.O4 rng/n-J amtrtptylrtre
(c) 4 x'lO-4 M P-CL, O 04 mg/rrl amitriptyline
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c, (cH 2)2-il:

02    04    o6

Fig(6)C(":l"■ :Ot■ :ス :麗R11「 58:J?n tr(ltiOn OF(:ru g

(a)〔 DDOl=lDrugi=(537 xlob M
(b)[P―CAl二 [Drug〕=955、 105M

8.13 x 1o's M

lく =

9H3

,\litit K. i\'lohiurrntctl ct ct. al.
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( olrr plcr

-l-hc rcactiorr ol'arxitriptvlinc \\ilh r)l)e. p-cr\ antl p-cl. occLrrs
through thc lirrtttltiott ol'a clrarqc trarrslcr con'lplc\ (l:l) at .+50. 510 altl
540 nnl. thcrcltlrc. thc lortratiott ol'tlrc colour rcactiorr procluct carr l-lc
reprcsclltccl bt takilr-tl I)l)(J as an c\an1l)lc. as irr lilllor.rins schcrnc:
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Ion- piril' lbrnratiolr :

Absorption spectra:
Whcn o dilrt. aqucoLls solution of anritriptyline-llCl rvas tnixccl rvitlt

thyrlol blue solutiort, an intcnsc color u'as lormcd irlrntccliatcly. whicli

l)ccontc stablc lbr at lcast 2lrr.'l'lrc ycllorv coklurr product has a trtaxittrittrt

absorption at 410 nnl; in contrast to thc rcagctrt blank. w'hich shou'

ncgligiblc absorptiorl ovcr thc rangc (400-580 rrrtt). I;i-s 7: shows lhe

,p..t,. ol-thc ),cilor,l'-lbrr,ccl pr.tl,ct and thc rcagcnt blarlL.

3ao 42O 46U- 5OO
Wavelelrgth (nrn)

F:g(7) Absorption sPectra of :

(a): r x 1o'4 M thyrIpl blLre' 3 18 x 1o-4M drug at

540

pH:4.O.
(b): OtanX, solv<-'nt of extract (chloroforrn)

T'hc maxinlunl absorptioll at 410 ttur was Llscd lbr all subscclLlcnt

measurements. on the othcr harrcl. a solutiorr ol' anritriptylinc-l'lCl arrd

brorrrophcnol bluc cxhibits airr irrtcrrsc palc-r,cllor,r, c0lour r.r'ith rn,xinrLrlr

absorpiio. l.rarrcl at "ll0 n'r. in corltl'ilst ttl t5c rcagcnt blar-rli' (liig ti)'

380 42O 460 500
Wavelength (nm)

Fig(8): AbsorPtion sPectra ol:
(a). 1 x 10-4 M bronroplrenol blue' 1 ?7 x 'lO-4 M

drug at PH=3.2.
1 Ol: Ubrrk, solvent of extract (chloroform)
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Utility of Ccrtain n-Acccltlors Alaa K. N'loltanuttcd & ct. al.

Optirnizatiorr ol' r,aria ltlcs:

Effect of pH:

ln ortlcr to cstablish thc optinrultr pll ran,ec. amitript),linc solution
was mixcd with spccillccl voluntc ol'tlrl,rrrol hluc and liorrr phcnol blue in
aqucous solution lionr ;rll 3.0-7.0. and thc irrtcnsitv ol'colorccl prodr.rcts
wcrc sLtttliccl (lii.c 9). It \\its lilund tlrat thc nhsorbancc irrcrcascs and
rcachcs il lnil\itntttl ritluc irl pl I -1.0 arrtl pl I i.4 lirr tlrrrrrol ["rluc arrd
brotnttpltcnol hluc t'csntctirclt'. z\t PI I rirltrcs irhovc thc o;rtirlrrnr nrlrsc. lhc
abstlrtrattcc clccrcitsc \\ ils proltlbl,r rllrc l.o lhu lirnnation ol' it ltc\\ iorr
associatcd conrltlcx bctruvccrr thymol [rluc or bronrophcnol bluc and
hydroxyl anion ilr alkalirrc rrtcdiunr. llcrrcc. a pl-l ol'4.lti ancl 3.60 wcrc
ttsctl itt lrll thc sttl'rsc1111cltt cx1'lcrinrcntlrl uork.'l'hc shapc ulrrl ntaxiltruln
position did rrot vi.rr\ \\itlr 1tl l. so il \\i.ls corlL.lu,1a.l that onlr onc cornlllcx
r.r,as lurnrccl lt tlris pl I l'llngc.

o.4

o.3

o2

o1

---_-l
●
Ｏ
Ｃ
お
０
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い
０
くて

2.8     3_3 3B 4_3   48
Far-t ti,t Eflr,:t,if pll,:n llr;: ,.trf,,.-Itrr-,,,-" .,t

ta/. 1 ...:l rlr-l I,u1 lhi,r'r-rol l:lr-re, .li.l E.,r 'l rlr-l l..d drr-tg.

豊 生 LlI生 回 い'・
m・
「
hel●!LI:`=,1■7●10‐ 3Md・ .J

Effcct ol' r'c:rgcnt votu rrrc:
Ellcct ol' thc vtllrttttc llt-r'rnol [rluc or' lrrtlrnophcnol bluc orr thc

intensitl" tll- [lrc coltlt'ctl ;lroducL wus stucliccl. It u,as liluntl tlrat nraxinrurrr
absorptiorl \\as obtainccl n'ltcn volunrcs nrcrrtionccl trnclcr. pr.occdurc [] *as
addecl.

Efl'ect of rcaction tilne:
'l'ltc olltitltttttt rcitcti()lt tit'nc nas tlctcrrrrirrcd br lilllorr ilru thc c.l.ur

dcvcloprrrcnt ilt urnbicnt trrntllcriltt.rr.c (2-5 o(*r2). it rvas tirLr]rd tlraI Lhe
rcactitltr is illstillltallc()LIs. llcttcc tlrc ;'rrtlcltrct uttaipcrl rrraxirrr.r,r u'd
constant abstlrl"ratrcc irttntcdiatcll, alicr tlrc arnitript-r,linc-llCl 6as bccn
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rcactcd u,ith thynrol'l blue or bronrophcrrol [rlurc ancl the coltrut' obtairrctl

rcnrairtctl strictly urtaltcrccl ltlr 24 hr.

Calibration graphs (Becr s law and sensitivity):
ltmploying the corrditions dcscribccl undcr proccdLlrc. a lincar

calibration graph lirr antitrilttylinc-llCl i,r'ith lhy'nrol bluc or brornophcrrol

blr-re was obtaincd ('l'ablc 4). l-hc corrclatiorr cocllicictrts. itttcrcepts ancl

slopcs lbr thc calibratiorr clata are calculatccl usir-rg tlrc lcast squarc mcthod.

Tablc (4): Opticll charactcristics and statistical data ol'the rcgrcssittrt

cqrrations for clctcrrnination of anritriptylinc-HCl using thynrol blue

dl Ircnol lll t ltotls

Stoichiontctric rclationshiP:
'l'[c stiochiorrrctrl, ol' thc rcactiott [rctuccrr arrritri;ltr lirre-ll('l attcl

thl,ltrol blr,rc or [rrorrrop[clol blr-rc r,r,as irtvcstigatcd b1'using.ltrtrs tltcthtltl
(pig l0).'flic rcsult sl-rows that a (l:l) procluct was lbrrrrccl through thc

tbrmation ol'ion-pair associzrtion at 4lC) rrm in thc rcactiotr schcnlc givcn

bclorv by taking bronrophcrrol bluc as all cxantplc:

25

ilntl llt'orttot)llctl0 ll C c

Pararncters

Anritriptylinc-HCl

Thymol blue Bromophenol blue

Lincaritl, rilngc ol'thc clrtrg
(pe/rnl)

50-150 |()― 1斗 ()

Molar absorptivitl'
( l.nrol-1..n't-';

1.192x10｀ ' l.4125、 10

Rc: grcss iott ccl uat iott

lntcrccpt (a) 0.047 0.()18

Slopc (b) 0.0038 0.0075

Correlation coc:l'l'icicnt (r) 0.り 99り 0りりり5

l(clativc starrdard clcviatiorr (%, ) 0.57 I o.-55

Detection limit (D.t,) 0.012H 0.0383

A=a+bcR A=Absol・ ballcc,c=Concclltration
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Accuracy and prccisitttl:
'l-5u rcpr6clucibility arrd prccisiorr ol'tlic trvo 1'lrtl1'rosctl ttlcthtxls u'tts

tcstccl [.ry cstinral.irrg thrcc dil'lcrcrrt corrccrrtral.iorrs 0l'[hc citccl clrirg ii il.llin

t6c Bccrs law lirrrits. -l'hc arralytical rcsults arc sLtltlltlllrizcd irl tablct (5).

A[,-Must:rrtsiriyit .1. Sci.

″
「 ablc

Test of precision alld accuracy ofthc
itl・ il〕 tvli

V()l。 16,N()。 4,2()()5

(5)

two lllCthOds ibr sanlplcs of purc

nc― HCla nl l・ 1:)tV‖ nc

Method
Amount of

amitriptyline (Pg/ml)
Tnhert llound

Recovery
%

りり.542

98.620

102.177

RoS.D
%

2.986

2.279DDQ
1()

15

30

り.り 34

14.793

30.653

p―CA
15

20

30

15.597

20.726

29.273

103.982

103.633

97.578

3.33()

2.986

2.585

P-CL

15

25

30

15,333

25.703

30.148

70.074

90.074

l19.703

102.222

102.814

100.493

14.285

5.り 15

9090

100.105

100.078

99,753

1 732

1.363

1.037

Bromophenol
blue

70

90

120

Thyrnol blue
70

90

120

69.385

89.561

119.385

99.122

99.512

99.488

2.664

1.968

1。419

Analytical aPPlications:
Thc afplicability ol'the trvo mcthods l. lltc assa)/ ol'sirrrplc d,sagc

[b11 lvas exarninccl by apalyzirrg livc typcs o[- pftarnraccr'rtical nrarkccl

lablcts containing anriirilltl'linc-ttC'l: thc rcsirlts arc sLlllllllarizccl irl tabls

(6-7 ).
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u't. of
ttblct

lltg

Labclcti

a11l o u:lt

ill E

卜llcti10d
Antount

takcn
ttg/lrt I

Amount
found
ttg/nr I

γＣＣＯＶ

％

ｔ Ｄ
。
Ｓ
。
％

Ｒ

Dcprcsol 131)ヽ 0

Ll rory,l 20().20

-[ryptizol
124.60

ｎ
＝

嚇瑯
．＝

（Ｚ

Ａ 208.70
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1987
3`: 71

24.t16

35.33

1481

34.84

24.48

3473

1014
20.51

2484
44.84
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3474

24.96

35.33

24.68

41.52

1('87

39.87

!4.59

29.10

1468
lヽ S]

|171
、ヽり35

14.ヽリ

2940

りり。38

りり_3(,

9り。35
りり.2(,

9く).85

100.95

り8.97

94.56

97.94

9780

:0!4ト

10259

9938
99.65

100
('9.2()

りり,85

100.95

9S.74

り8.94

9り .35

りり,67

9728
98.02

'79o
りヽ (卜 :

()821)

りヽ 3り

97.28
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1.45

0.71

:・ 66

14.7()
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: 77

0ヽ l

41ヽ
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11.7o
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Tablc(7)

Spcctrophotonlctric dctcrinination ol' ant itriptyline-FICI in
ion-nair nrethocl

RIiFERENCES

L Martinclalc. "1'ltc lixtra l'ltattracolltlcia". l.)rrtl lrd.. 'l'lrc

Plrarmaceutical l'ress, p.217, 244 (l 999).

2. Misiul< W.. Puzanolvsl<a 1'.. "spcctrophotornetric l)ctcrnrittatiott
sl' s911c Antirlultrcsscrrt-clnrgs". Artirlvticttl Lettcrs. .15(7). I l(rl-I I70
(2002).

3. Karpinska .1. ancl Sltsz.l'nsli1r .1.. "'l'hc Sllee:tt'ophtttottrctric

Simultaneous Deterrnination ol' Anritriptyline and Chlorpromaz.itre

I-lydrochloricles in their Binary Mixtures". Journal ol' 'l'raoc atrcl

Microprobe'fcchniclttes. 19 (3), 355-364 (2001 ).

29

ha rntaceutical formtrtiott usin n―palr nlclnocls

電FI M血“
Arnount

tahen
pg/rnl

r\ntounl
found
pg/nrl

Recovery
("h\

RoS.D

(1・/t,)

I )cplczol :3()8() l'lt) trtol-hltrc

l llornol-rlrcnol-hl ttc

Laroxyl 20620 l lrvrtttrI-bIue

I ]rortrtr1rltcttol -trl ttc

l ltr rttol-l-ltte

I ) rorttopltcrtol-bl ttc

lripti,,oI 121()()

Anlitripl)linc

25ヽ 4(i

2()8 7
'l'hvtuol-bluc

I )ror rtopltctrol -l'rl ttc

'I'ltyntol-bluc

ll ronrophcrtul-bluc

Anrirliptrlinc I tttt,'l

()()

||()
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Kinetic ancl -['hcrtttoclyn:trnic Studics on

CIA I 9-9 irr Wo nlen I':rticnts rvith Breast

"tl-:rnti CA l9-9 Antibody

Salrr:r Il. N. AL-l{ubac'i

Bind ing of

Cancer to

S:rlu':t ll. N. Al,-llrrb:rc'i
Chcrrr ist n' l)c;l:r rl rrrcn l, ('ollcgc ol' Scicrrcc, A l-M uslansi rivalr

U n ivel'sity, llaglrrlarl,l ritq

ABSTITACT
-l'ltis rcscarclt itte luclcs tltu studics ol' kinctic arrcl thcrrnodvnanric

Parantctcrs ;.rsstrciatccl rr itlr tlrc hincling tll'tissuc htlnroqcnatc C'A I9-t) rr ith
125[-anti cn l9-9 antilroclr inro tuo [r,,,,1r, ol'prc- ,n<'l p,,rt-rrrcnopausal
woll1cll paticrtts n'itlr ltrcasl cattccr'. lt uas shoult that thc rcactiot't in all
studied cascs lbllolv pscudo-lirst orclcr rcaction kirrctics. 'l'hc valuc el'
kirrctic parittttcl.crs Ka. K,l. k,,1,., k,.s. k-1. (1r,,:),,'..(tr,:)1i... altd I),,,,,, at j7 oC

fbr thc [rinrling ol'CA lt)-9 tissr"rc honrogcrrutc to '2sl-arrti CA l9-9 antibody
in prctnctt0l'rltttrltl \voltlcn ;"raticrtts r.r'itlt brcas[ clnccr rycrc littrrrcl to bc: 43
ntg-l.ntL. l.,l.irl0-2 rtr-u.rrrl.-r.9.(rrl0-rrnirr.-r.20.5nr-u-l.ml-.rnin-'.4.77x1t)-'
nrin.-1.71 Itrirr.. l5xl0'r Irtitt.. arrcl l0.llrl0'r nr-s.ni.'r rcspcctivcll,. wlrilc
in postlnctttlltausal \\()ntclt;raticnts nith [rrcasl. canccr ucrc lilrrncl to ['rc:
18.66 nrg-r.tttl-.,5.36x10'1 nrq.nrl.-r. l2.5xl0-'1 nrin.-1. li.0(r rnrr-r.nrl..nrin-t.
7.0x10'r tttitt.-r. 55 rttirt.. l0xl0-r rrrin.. and lti.(r(.,r1(]-r ntrr.rrrl.-r
rcsl'tcctil'clr. I irrt('cotlt'sc. Seutclttrtl. \/lrrr't llul'l'iurcl Arrhcrrius;llots lccl to
thcorcticitl dctertttillutiort ol' tlrcrrrrorh rlrrnic paralnctcrs ol' botlr thc
standlrctl stltc (r.c. :\l 1". ,,\(;". .\S") untl trurrsition stal.c (i.c. l:1. All*- aC*.
AS*) tbr tlic lirt'tttatiott ol'1r15l-anti C'A l9-9 antibodr/CAl9-9) corrrplcx.
Thc thenttotllttatttic rlata short,cd tlrlt thc binding rcaction is as alt
cDtropicallt clrirclt rcuctiott artcl su-e,gcst an irtvcllvcnrcltt ol' hvdrophobic
lorces irr tlrc stabilizalion ol' conr;rlcxcs.
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INTRODUCTION
´
l‐ tl11lo l‐ nlt11・ kcl・ :、 11ltlヽ  bc t!、 cd tO i:ldictitc thc rislく。prcscncc.stattis.or

illttirc pl・o8no｀ i｀ ()1｀ ctlllccr(l).('AIリーリ i、 そl cttrbohydratc anti3cn ibund in

thc scru:1l ol｀  nol・11lal aCltilts (2). C:八 lリーリ is nlctistirc(l 、vith doublc

I■ onocional illl:1luonoradiolllcti・ ic assa)LiSil13 1110noclonal antilぅ ()dics raiscd

against thc Sヽ V1116 ccH linc(3). ItcCCntl)′  rcpOrts illdicatcs that scrunl

CA19-9 1cvじ lis A・cqticlltly clcvatcd in scrunl sulicctS With brcast canccr

(15°/。)(4)In no日 1lal tissucs.sialyl l c、 、isa anti3cn is prcscnt in ductal

cpithcliunl ol｀  い1‐ cast. |く idnc)′ ._ stlliヽ′ti l・ゝ′ じlan(ls、  and s、vca1 81t11lds (5-7).

Analysis ol｀ lcnllう Crattirc(lcI)cndcncc ol｀ |く inctic and cquilibritinl constant lcd

to dctcrnlintltio1l ol｀  cncl・3ctic ol｀  billdi113 and usil18 tllc valtics ol｀  tllc

changcs i11(〕 ilぅ c、 11・ cc cnci・ 3y、 Cllthalpy tincl cnti・ opy that arc ttssocialCd、 vith
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thc binding ol'urrtiboth to il.s antigcn (lJ). In tlrc othcr nortl thcrmodltrunric
nrcasurerncnt ol'r'cactious intcrlctions unclcr ctluilibriunt conditiolls ltrovidc
thc inlirrnration about rlil'lcrcnccs lrctuccrr tltc initial. linal statcs ol'cach
reactant. u hilc kinctics stuclics sultplctncnl that inlirrnlrtion lbr the
difl'ercnccs trct\\ccn tl)()sc stiltcs untl inlcrnrccliutc activatctl contplc\, (i.c.
thc pathrrlrr titl\cn h\ thu rcactillts rcaeh thc lirral ;trrrtluct) (9). nl-
Muclhullar ct.al. har c nlur\ stu(lic:; ()n tllc kinctic lnd t h cnlr()(h'nanr ic ol'
protc in-pr()tc in irrtcrreli,n irr huurlrr brcast tissuc. likc kirrctic antl
thcrnrodl'rra nr ic ol'purilicd stcloitl rcccpr,rl ol'nraliqrrarrt hrcast tsplor.s \\ ith
Ittln.trollc ( l(11. ,,1*n kirrctic antl thcnuotlrnantic studics on thc [riltdilte ol'
lcctin in hurnarr rttali-unirrrt lrrcirst IUnt()t.s [() r.llrco;rrotcin (l l).

MATEI{l i\ l.S AN l) M l,l'l'l lOl)S

Chcnricals

All e lrcrlricals tl)lt ucrc Lrsctl in this stutlr rrcrc obtainctl liortr lll)l I

linritcd. l)ool. l:rrglantl. Ilii\1,\-l I s.,\ ( \ l()-,) kit rias prrrr.itlcrl hr (.lS hirr
itttclrtal ( )lilS ( il{( )[ l, I.rlrlrtc. I rro lrrrrl.rs ol ltlclrst eilncrr \\()tnrJn
paticnl.s \\crc irrclutlctl in tlris stutl.r: (iltrul.l l: consistctl .l' l0
pt'cnlctlolll u sil l Jtlticnls u ith br.casl cu rrccr. ( iroul.r ll: (.trnsistcd ol. l0
postnren()pirLlsil I paticrrts rr ith h|cirst eurrccr. 'l'hc tunr()r:i tissucs \\crc
surgicallv rcuror cd lionr brcast carrcur puticlrts [1. nursicctorni. Ihcr tcrc
collcctcd irrtlir itluullr iu ltlaslic r.cccItite lc lntl stor.crl ut ]() ,'(1 until
honrogcn izlrt iorr.

I nstrtr nrcn I s

-l-l.rc irrstrtrrncrrts uscrl tlrrrirs this stutlr. rrcr.c: l.Kll s.nrnril cor.lrltcr
typc 1270-lirrck (ilrrrrrr, ll. pl I r)lctcr. trr.li,! ccntrilirgc t) pc llitachi r'ith
maxinrunr sPectl .l' 5(x)0 r.p.1n. lVlcrrruc't rr lricr. hath. Mcnrrncrl incubator.
Contbicoltlruck

llu ffcrs

l)lrorI lr u t e -bu l'1,.'r.ctl sl linr: (llllS) rr as l.rr.cpirrctl as lirlltxr ing:
A: [)isotlirrrn [r;rsic ltlr,rspharc (0. l5l\4t: ]l.lt).10s N11l ll,(), itutl t).0s ,,1.
Nacl r'c.c tliss.l'ctl irr llrral r rrlu,rc tlci,r.izcr tlisrillctl rratcr.
B: Monobirsic sodiunr phosphlrc (0. l5N,l t 17.9970g ol'Nall,l,().1 altl 9.()11
NaCl wcrc tliss.lvcd irr a Irrrrl \'()ru,lc ll. dcionizcr tlistill.,tl *atci
I)hosphatc trulil'r sali.c prr (7.0 arrcl s.01 *as prcparcd lrr rnirirg a \.()lunlc
ol'.solutiorr ,\ n ith applopriutc ir])ounts ,,1'solution B to ghtairr tlic rct;uirccl
pl l.
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Methods

Prcparirtion of Brcast cancer Tisstles Flonrrlgcnates
'l'he figzerr tissue werc rveighecl" slicecl lincly ancl scalpccl irr pctri

clish starrclin-rr on icc lrath. arrcl tlrctt lrottrogcniz.scl rvitlr livclirlcl vtllttntcs tll'

IrllS hul'lcr pll 7.2. usin!l rranual ltontottcttizcr (12). 'l'lrc ltotttoscttlltc \\/os

liltcrccl through lbur lal'crs t)l'n!'lolt gattzc itt orclcr to clirttiltl,ttc lrbcrs

conncctivc tissr.rcs. ancl tlrctt cctttrilirgccl at 2(XX) xg lirr J5 nlirr. at -l "(' itt

orcler to precipitatc the rcrnairting intirct cclls ancl thc irrtact trttclctts. l'ltc

supernltunt Il'action at this spcecl was scpal'atccl. dividcd in alicltrots antl

Iiecz.ecl-20 "C ltlrti I ltsc.

l)rotei n l)ctcrttt i lt:ttion
'l'tttal htltlrtlgcttiltc protein cotttent

l.or,vry (13), using btlvitlc scrLllll albttrtritt
was tlc:tcrnlirlccl [r1' 11.," tlcthtrtl tll'
( I] SA ) as llr c sta ttclltrcl.

Kinetic Stutlics
The Time-Course

1'1vcnty rrricrolitcrs of CAlg-9 liort pre- ancl postnrcnopausal lrrcast

callcer (lnlitiating dLrctal carcinonra. II)C)contttittitrg (75 trrg.tlrl--r llrotcirl)
respectively. worc aclclccl . to (25 ltl.) ol' rril-atrti C'n l9-9 arltiboclr'

containing (0.0itt5 mg.ml--r) Ibr each group. 'fhe volumc ol'reaction rverc

completecl to 500 ptl with PBS bull'er pH (8.0 and 7'0) respectivcly. All

turl'rcs wcrc irlcubatccl flt 37 oC at tlil'fl'rent tintc: itttcrvtrls ((r0. 120. 180.

240. 300, 3(r0) min. 'l'rvo aclclitional tubcs. corrtainirrg 25 prl. (0.05ti5

mg.nlL-'; of '"I-anti CAlg-9 antibocly only. lbr total courlts wel'c set-asidc

1',,.,ti1 .or-rnting. At the crrcl of irrcubatiott. thc assil\/ tubes wcrc cclltrilirgccl at

4000 r.p.nl fbr 45 min at 4 "C. 'fhe supernatant wcre decantcd. thc ritrrs at

tl-re tr-rbe were swabhecl rvith ccltton piece. The radioactivity ol'the corrplex

were countecl Lrsing gamlna coLlntcr. 'l'o cletcrntirtc tltc tittlc-coltrsc ol'

Cn l9-9 hipdirrg to r15l-anti CAlc)-9 arrtihoclr at dil'lcrcnt tclllpcl'atttrcs.

steps nrentiorre cl in thc saltlc cxpcrinrcttt wcrc: rc;lcatctl ttt tlil'll'rcrrt

tcntperatLlrcs 5, 15,25 arrcl 45 "C.'l'ltc coulltc(l rrtditlactivi$ in caclt trt['rc

(exprcssccl in c.p.nr.) rcprcscnts thc bourrcl liactiorr (R). (i.c.. l2'l-l,rtiClAl9-

9 antibocly/Cr\ 19-9 conrplex). 'fhe countecl radioactivity in thc tttbes

containilg l2sl-arrti CAtg-9 antihodv only rcprcscnts tltc totltl cotrnt ('l').
'l-hc (l]/'l') ratitt lilr car:h tttbc cttttrt[ctl l.rs ltlllor'vs:

(3″りも=棚棚器讐×Ю0
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Detcrnrinatiorr ol'thc al'linity constant (K,,) and thc rttaritnal binding
capacitl, (11,,,,,,,) of CAlt)-9 in l)rc- arttl l)ost-tttenopattsitl llreast Canccr
'l'issuc Honrogcnatc Ili ndirr g rvitlr' "1-r\ trl i CA I 9-gAntiboth'

'l'ncntr nricroliters ol'('A I9-9 li'ottt prc- urtd posttncnopilusal lrrcast
caltcor (ll)t') contairring (75 rng.rrtl,'r 1'rrotcirr) \\crc adtlccl to irtcrcasing
volurncs (5. 15. 15.35 arrtl 25 ptl.) ol'rr5l-urtti ('Al9-9 arttitrodr contairrirrq
(0.0113. 0.03i9. 0.0565. O.097lanrl 0.1017 nrg.rnl,-r) to caclr ussav Lubc.

Thc llnal rolunrc ol'cach assr\ tubc nus conrplctcd to 5(X) prl. rvith I'llS
bullcr pll tS tt rrrrcl7.0) lirr cuclr gr'()Lrp. ,\ll tuhcs ncrc irrcul'rutctl lol'(2.10
anclS(r0) rrrrr ul (-17 rurt[ +5 (') r'csl)cctivclr. l'uo atlditiorral tutrcs.

cotrtaittirrg li 1rl (0.05|i5 rn!.nrl '11,,1'l"l-,rrrti ('r\lt)-t) urrtilrotlt'oltlr. lor
totitl cottttt\ \\crc sct-lrsitlc trtttil cottrttirrg.. At tlrc crrtl ol'inetrhatiorr. thc
itssity tttbcs \\'ct'c ccrttrilirgctl rrt l(X)o \-s lirr' .15 rnirr :rt I ('('. 

I lrc
supcnlatant \\crc dccarttccl. tlrc rinrs trt the ttrtrc ucrc su,atrl'lcd u,ith cottorr
picce. -l'hc raclioactivitr ol'tltc cotttl'rlcx rvvcrc corrntccl usinu -qanlntit
cottttLcr. 1'ltis crpcritttcttt \\'as rcl)catctl irt tlil'lcrcnt Lcrnpcraturcs (5. 15.25
and 45 o('). lhc titttc ol'iltctthrttit)r) r'crlr.rirctl to rcaeh thc ccprilibriurrr statc
arc rcportctl in trrtrlc ( I ).

'table ( I )
The tirnc ol'ilrcubatiorr lbr pre- artd ;loslnrenopausal brcast canccr

ISStr"m989natc at di‖
・
crcnt 19nlllCraturFs

Tcrrrp.
UC

Tintc (nrin.
I)r'crrrcrro;xtsrurl bt'cirsl Postnrcnopasual brcast

.cit ncc r h o Uogqlatc_(l!LC)_ c1t_!ccr homogeniltc
36() 360

300 240

24() 300

240 3()()

一Ｄ

'l'hc lJ'lr rlrtio \\il:i colnputccl lirr eue lr tubc. rvhcrc:
lr: is tltc licc t'ittlioletir itr (tt'tcurt r:otrrrts irr c.1-l.nr.). whiclr rcprcscnts

thc (unbourrtl or unrcactctl). I lil-anti ('n I 9-9 antibocly.
F :'l' (totnl counts) - Ii (llountl l':ttlioactivity)
-l'hcr:,rttcctttt'utiort,ll'(lrs[-itnti('n l()-t),;(',419-9)conrplcr inrns.rnl.-l

tltatt lilttrtel rtli,.'r'iintc (1) trus eulcrtlirtctl ll'rrnr tlrc lollos irr!l c(luilLi()t'l:
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lJ(tttx.tttl,' 1= l]l!L "!- x('oncantrtlittn of ns I - unti (.,11() -() unlihtxb, in' '[lc'.1t.ttt)

tha inc'ttltttlirttt tttt'littttt itt tttgtttl. I

l'hc al'llnity constant and lllaxinral trindirrg capacit\" \\as dctcrttritrcd

accordiltg to Scatchard cclLration (14.15). 't'hc vtllLlc ol'al'lirrity' collstilllt ol

tftc bilrtlilrg Ka at caoh tcnrpcraturc can lrc calcr,rluted liortr thc slrtp tll'tlrc
srraight linc in ligurc (2) ancl ligurc (3)" whilc thc valttc ol'thc total

conccltratiorr ol' CAlg-9 ([],,,r*) in lrrcast ci,lllccr hotrrogctlatc lilr cach

groul) wlts citlcttl:.rtctl lirrrtt tltt: itttct'cc1lt ol'lltc r-ltris.

Thcrnroclyn:l nl ic Strr d ies

'l'hc sarnc stcps llclttiotlc(l in liinctic stutlics ivcrc;lcrlilt'ttlccl lilr prc

and pgstptcnopausal brcast cilllccr tissuc ltoutogcttitto lt.ottl (ll)C)as CAl9-
9 sourcc. 1'hc thcrrlodynurrric paranrctcrs ol'stanclard statc wcrc tlt"rtaittcd

li'opr Van't lloll'plot. thc valucs ol'thc nntural logaritlrnl ol'ccprilibriurn
coltstallt (al'linity constaltt K,,) obt"airrcci at clil'l'ercrrt Lctllpcratllrcs wcrc

plotted against thc rcciprocal valLlcs of thc absolutc tclllpcratLlrc in Is.clvin

(1/T). according to thc lbllowing cclLration:

AS., A[ I"
In l(., =

It      Iミ
・
「

-l'hc cnthalpy clrarrgc ol' thc starrclarcl statc All" vitlrtc wats ohtainccl

li'orrt thc slop ol'a lirrcar rclatiottsltip ol.thc llltlt'
Thc clrangc in Gibbs licc ctrcr-q)' ol' tllc sl'ittlclarcl statc A(i" vvits

obtaincd ll'ont the [bIlorving eqLratiol1:

AG": -[{'l'Ln K,,

Wfucrc Ka is the al'llnity colrstarlt. rvltilc thc starrdard statc clltropv

chiurgc n,as obtainccl liortr ( l(r):
△H° 一△(r)

AS.,= 'l

l'hc thcrmoclynanrio paramctcrs o1'the transition statc rvcrc obtaincd

liom Arrltenius plot of Ltt K*r valLles against (liT) valucs. that givcn a

lincar rclationship according to thc lollowing cquation:
( 1. \

htK., =[r)n 
Ini,J

l'hcr valucs ol'activatiotr cncrg5, (L.) ol'thc bindirrg rcactiotr curt bc

clc:tcnnincrl lrom thc slop ol- tlrc straight lirrc. 'l'hc qrthallly rll.Lratlsitiott

statc AII* was obtaitic:tl ll'ont:
AII*:1,..,,-ll'f
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'l'ransitiott state ol
Ib I lorv i n-s erl Lri.rt i ()n :

ll・cc cllcl・ 8)ChtlilsC .｀ (|* i、  ctilctiLltcd 11・ onl thc

z\( i'I = -

Thc e lrurrgc irr crrtrtlpl'
thc lbllou'irr g crlLratiorr :

\l-l *' , \(; *
\s';' -- '

I

RESULTS,\N I) DISCI.]SSION

llottt,)qcni/.ittion \\as ciln'ic(l ourt irt a colel rnccliurrr (i.c.4 "C) so thal
protcin c()n(cntl'utiotr tlttc [o l]r'cssu|c ol'thc 1'lcstlc lrornogcniz.cs is ncarlY
prcventccl. ott tlte otltet'lurntl the l)r'()tr:(,1\tit'cnz.rn.rc actiritr dccrcasc nitlr
thc louct'itrg rrl' tlrc tcntl)ctrtiu'c ( l: ). l'hc liltration ol' tlrc Iis:,uc
Itonrogcttatr'Iltnrtrglt Iavcr ol'tlrc n-r'lon -glLrzc lacilitatc thc rcrnoval ol'arrr
suspelldecl picccs t'l'ttnhotnosc11i7.cr'l Iissuc and blood vcsscls. vvhilc
lronrogctritte cctttrilitsati,rrt at 2(XX) \g rcnro\/ctl thc unrupturccl cclls alrtl
intact cclls ol'thc ru;rturcrl cclls. lcaving nril.ochorrclrial /(-iol_qi ll'action alrcl
ccll nricrosi)r.r'rc\ irr tlrc sLrl)crnilti.urt ( l6 ).

Kinetic Stutlics
-fo 

cxatnittc thc characl,cristics ol'tlrc association ol' l-rsl-anti 
CA l9-9

antibody to C'Al9-9. thc cxpcrirttcrrl rvas carricd out at lirur dillcrcrrt
tcrnperaturcs (5. 25. j7 arrrl +-i"L'). As scc in lrigurc (l.A & ll) thc liruc-
coLlrsc tll'tltc hirtclirt,Ll reilel.ion ulicr irreubatiorr tll'rl5l-unti Cn l9-9 with
CAlg-9.'l'lte eottcctttt'ittiot't ol'1r'ril-artti ('Al9-9/C'Al9-9) c()ntplcx tirnrrccl
alicr tinrc (t ) \\ a:, calculatcrl liorn thc lirllou irrs cquation:

l{ll.nK,rl{'l't.,rI
h

ol'tlrc trlrrsition statc AS* is calctrlatcd lionr

l'2st-arrtiCA l9-e/( ,,\ I9-9|
ilt ntg,rrrL-r rrll..r' tirrrt. (l)

('ount (c.1l.rrr.1ol'
I rsl-u rrti(,,\ I 9-() sllccilica l11

lrountl aliu' lirrrc (()
'l'olirl corrrrls (c.1t.trr.) ol'

r2st-:rrrli('Al9-9 
usctt ilt lhc

iltcu b:r I iorr

C'oncr:nlration ol'
r2sl-:urti(',\ l9-9 in thc
incubalion (nrg.rn [, I 

;

Al-lvltrtlhirl'lirr. S.,\ arttl ctul.. ltlve scvcral stutlics tlrc tirnc-coursc ol'
purilicd sterrrid rccclttot's ol'Ittuligrtiurt [-rrcust ILln]ors (l()). otlrcrs studicd
the tintc-t:()rn'sc ttn thc bindin-g ol'lcctin iir huntarr nralic.nilrrt hrelrst to

-elvcoproLcirr 
(l i). n L .'rtntkclri S.A.VI.. also sturliccl thc tinrc-coursc ol'

tlssociittit-rll rrl'('l:A ltrotcin rr ith thcir reccl)tors (17). Accor,.lirr_u to Ihcsc
rcsttlts ol'lltis cxpet'itrtr:rrt tlre Iirnt'-t',rrrrsc rntrsI l'rc rkrnc Io ljlrtl tlrc

3X
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tir.uc as a stcp to prcparc thc
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0

l,'igurc (l): Tinrc-coursc of r2sl-anti CAlg-9 bintling to CAlg-9 in:
(/\)-l'rcrncnrlpnnsrl l)r'cirsl crntcr l)lticnts (ll)C). I1.15'C,0.17 "C, A 25 "C, O 5 "C

(li)-l){rslnrcnopausnI l)rcrst cancct' prticn(s (Il)C). Ll15 "C,0.}7 'C' A 25 '(1. O 5 "C
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‖  ヽAl´―ltul)acli

Scatchard .\ rrl h'sis
'l he srrtlplest pr0Po:.ctl lllorlcl rcl)t'cscntinp thc intcracti0rr ol llrsl-anti

CA l9-9 arrtrhorlr ) t() its ('.4 l9-() is crprcs:crl lrr tlrc lirllol ins crll.lilti()n:

125卜
a:itiCA l'-9+(A19‐ 9

Al cЧ tlililう「iunl:

Tトーニド輌…6W斗¨

A`′  =

κ
`′
 =

1'( 11(,

()‖ (1卜 )

t' || ( . l  l ｀

'()|( 1卜
'

.… .。 (2)

.…….(3)

l-'" , rtttti('.1. lt)

| 't' / rrrtti( .1 19

l '" / ttnti('.1 l\)

| 't' / truti( ..1 lt)

り
|

-1)|

t, |

′`
 |

'l'h us.

K = l- l'
" K,r K

.… .。 (4)

Whcre 1..,, is tlre ccluilrbriutrr eorrstant ilss()c ii.rt i( )n ir.e.. allinrtr
col'rstant). 1..,1 i: thc ctluilitrriutu constilnI rlissociution (rril-anti ('n l,t-
9lCAl9-91e ourplcx. 'l hc laluc trl'Kl antl nraxinral bindirrg capacitl. {l},,,.,.1
wcl'c calcLtl.rtctl liont Scltchurtl Plrrl ut lirul tlillcrcrrt tcnt pct'ltt.trcs in Il*!.lur.c
(2) and (3).

It is ,lelr lirrnr tuhlc (l). thirt tlrr. al'linitics constat.lt (K,,) dcpcnd
chicf)1,on tlrc trpc ol'thc turrrtrr'1i.c.. P|crrrcnopausaI iu)d p()stntcn()pausu I )

thc CAl9-,t (cr tosolic liaction) ur.rtl on thc tcrnpcratur.c. (icncrallr K,,
incrcasccl u ith irrcrcasctl tcnrpuraturc lirl thc sarnc tvpc antl sourcc ol'turnor
(c.g. in clt()\olie liactiorr liolrr Ir'crrrcrroPlusill). K. incrcasctl lionr 35 ntg-l.nrl- at 5 u( to ll{ rng-l.rnl. ut -15 "(. \\'hcr.cls thc ralucs rrl'tlissor:iation
collstittt[ (K,) uirs cirlctrllrtetl lr.r 115j11g r'(luittion (.1). rrlrich shou that (hc

Itl$'cst K,1 r rrlttr. rrI (''t|-,,rrti (.1\|()-(.),( n l()-())s1r111plcr ()ccLlt.s t -17 "( at
thc tinrc ol'irrctrhutiorr .llru eorrccrrtnrtion rrl ('Al9-9 in c\tos()lic liactirrns
ol' (prctrrcrto 1rl Lrsl l I[)C) rrirs tlctclrlirrctt to bc l0. l-lx l 0'' rrrlr.rnl 'r rirtl thc
nlilxirlruln l',irrtlirrs (l),,,,,.) occurrctl alicr l.l0 rninr.rtcs irrcubutitn at .17 ''( .

whilc in tl'rc surrrc talrlc thc rrurirrrurl K,, r'uluc lirr thc hirrtling 'ril-anti
CAl9-9 irrrtibr,qll' rrith ( n l9-9 l)rc:ic1t i1 c\tosolic lilctiol gl'
(pttstt.t'tcttol.r lrr rsu I IIX') occu|retl ilt 15"(' ancl it r',as incrcasctl \\ itlr
lclllpcl'alur'! lll illc li)ll()\\ irr! o|tlcr: 5 ]5 :17 '' l) 'C. lltc l()$cst K.l
vnluc ol'( I I-irrtri-('A l9-9 '( ,\ l()-9) cornplcx ()ee urs at 45 "C' at thc riltrc
ol' ir.rcubali.rrr. \ctl(chur.tl plot urrah sr: gar c str-aielrt lrnc as shorr n in

41)
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ligurc (2) ancl (3) intlicating that tlrc (rrsl-artti ('Alq-9/('n l9-9)conrplcx is

' dircctccl against thc siultc cpitopcs olt Cn l9-9 tltolccttlcs. Orl Ilrc
otlrcr harrd, thc nraxilnunr bindirlg occLln'c:tl a[ 45 "C itttd r'ras l9.l0xl0t
mg.ml--1.

'l':rblc 2

I(ipctic partnrctcrs ol'rzsl-anti CAlg-9 lrrtibody bintling toOAlg-9 ill
breast cancer paticnts (lDC) ltolnogcnatcs

y=‐ 00265x+01869
爬 =0.9772
5。 C

0.5

0.4

L 03
醸
 02

0.1

0

y=‐0.0431x+0.4369

R2=09975
37°C

05

04

03

0.2

01

0

y=-00373x● 0.1729
R2=09601
45° C

Figurc (2): Scatchartl plot of r2sl-artti CAlg-9 antibocly bintling to the

CAlg-9in prenletlopiltts:tl breast c:tncer patients (lDC) irt fbtrr
clilterent tcntperattl res

'l'crtr 
1l

UC

I'rcrttcrtoltitttsnl brc:tst canccr (I lX) al brc:rst cnrrcer (lD(l

路‖‖l当
(11lgonl L~:)

lin
(nrgr.nrL)

tr,;r ll)':
lnrg.nrL'r)

Ilirr<ling
(iagtacity

l},,,,,, xl0-J

(nrg.nrL'r)

tru I K,,r l0.'
(nrg-r.rrrt,) | ltttg't'rL-')
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一
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y=‐ 00119x+01347
R'・ 09971
5°C

Killctic lllld'1｀ hcrlll()(l、・lllllllic Stll(:ics Sitlul ll. \. r\L-l{ubitc'i
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y=-00183x● 03429
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45°C

Figurc (3):Sc:rtch:trc(l plot ol'''5t-,urti CAlg-9 antibotlr. bintling to
cAI9-9 in llostnrr:nol):rusal llreast cancer';latients (IDC) at

rlil'l'c t'e n I I clrr gle r':t t u re s

llttrt'.tct'. tltc tittte-cottt':,r.' tlittlt slr,r*n in llsrrrc (l) ctlrrlrl Ic rrscd tp
tlctcrtltillc tlrc t'r'rrctit)n ()r'rlcr trl'('Al9-() birrtlirrq to its spccilrcull,r lr5l-anti

CAl9-9 antibotl-i ursin_s thc lirllou ins ctlurrtion ( I li):

ん′′
[.1′

)′
′lド

l.

tt,l [.,tt, t.q;,l rh r,ql ,l ,*l li
I r'.1 [ ii, r,rl I rr, r,: l ・IIJ常|だド」4卜い)

l:tltllritott (5)t'cltruscttts tltc SCcrrrrtl ()l'(lcl'liinctics. [trrt thc;lcr.ccpt 9l'
tlirrclirrg ttit'' itt sorne clses. sttlrll un(l nl()sI luhclcd urrtihocl;'rcrnnins licc
and only snrrll li'acl.ion bincls crcrr irl ctlLriiitrriurn. i.c. . lAbl, >,lAbA_u1..
So that thc iirllrinir.l-e cc[urtiorr (,))ct,trlrl be uscd irr ortlcr to ll1 1;-,. pscuclo-
ll rst ol'rlcr l. , i i.'t i .'s:

わレ」F 「ヽ′」‐1占lhl……
()n thc Othcr hilnd.  118LirC

h藤ポサ|′、1‐耐而C°
ユ
．
　

ｎ

arrd (5 ) shou thc ;rlot ol'
lroth prc- alrd postrtrcl:opausal
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paticnts. who givc a straight linc with a slope c:c1ual to thcr tlbscrvctl valtrc ol'

lirst ratc coustaut k.,6* in ,in-'.'l'hc ratc ctlttstatt[ (k,r) irr ,.,r-*l-'. llrl.. ntitt was

calculated at fbur dilferent tcnrpcratures by using the lollowing ccluatiort

( le).

AL-Mustartsiril'a J. Sci. Vol.16,No。 4,2005

Figul・c(4):Klllctics or i251_anti CA19‐9 alltibody billding to CA 19-9111

prclllcllopaliSal brctlst canccr paticllls(lDC)。

◇45° C,□ 37° C,△ 25°C,05°C

Figure(5):Kinelics of i251_anti CA 19-9 binding to CA19-9 ill

l〕
OStlllCno,paustli brcast canccr paticnts(11)(I).

◇45° C。 |]37° C,△ 25°C,05°C
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Kinctic :urtl I lrt'r'rrrorlr rurnric Slrrrlics :ヽll、、:l‖ .ヽ ,/ヽ 1`¨ lt lll〕 :tc'i

-l'hc 
r alttc ol' li-1 i.rt lourr tctrtpcratul'cs \\,as calculatcd try usirrg

cquation (J ). \\'hcrcas- thc hall-lilL' tinrc ol' ussocial.iorr (t ti),,... that
represcnts tltc tintc ttccclccl lirr thc: lorntation ol'hall'alnourrt ol'tlrc corllilcx
at cclurilibritrrrr trlts r.lctct'rttitteti ll'pttr tlrc c()11:cptratigp gl'thc corrrplcx ,t
ccluilibriuln utti Ihe tirttc-c()Ln'st. cul'\ e . l'hc hall-lilL' tirnc tll' clissociatiorr
(t %) .ri... . \\ i.ls clrlculltcrl lirlrn llrc lirllou,irr-u rclation:

lrr I 0.()()-'i
(11

k k   :

l'hc r itltrc r)l' k,,1,... k r. k-t. (t , ),,... (t ,,.),ti,. at lilrrr dillcrcnt
tctttl'rct'lttut'L'i lu',.'stttttrtutrizt'tl rrr tlrhlr.'( i ). l)irtu trnllrsis in this ta[llc shorvs
that highcst l'i.tte lirl'tlrc i.r\soeiirtiort rcletiorr k f. in prcr.ltcn()pr.rtrsal hrcast
cilllccr llittit'rtts (llX') ltttr.l lr()\tnrcn()plrtrstrl brcast ciulect' 1'laticrrts (ll)C)
occ[lrs at j / '(' lrttl J5 ''( t'esl]ectircl.r. rrlrilr. llrc loucst t.lttc ()ccul-s ilI
5 "C.'l'his ttreltrs lltc dcpcnclcttcc ol'r'eaetion rltc ot't tclnpct'ilturc ('l-ablc i)
that also sll,rus thc valucs ol'tlte ratc ctlrrstant lirr tlrc rcvcrsc rcaction li-1
calculatctl li'ottt ccluittiutt (-l). l(cstrlts slrou that tlrc rutc ol'clissociation ol'l25l-artti 

C'A lt,t-'t rttttihttth. lrorrr its (',\ l()-() is tcnrpcnrturc irrrlcl'lcnrlcrrt.

'l"ablc (3)
Tlre cffect o['tcrttpcl'attn'c on lhc liinctic llat'anrclers of r25l-irnti 

CA l9-9
atttillorlv lo CAl9-9 irr ;lt'c-atttl lrosl-rncltollausal llrcas{ ciutcct-

L-; r l{)-l (1:′ 2)`:ゝ、:llilt.
(1:′ 2)di、 sヽ 10‐

:

:1‖ :1.

1.‖
)(

()り ,

()0ヽ

ヽ75

700

嗅

Ч :)( |¬ I)(
‐
H)( ・・ H)(

６５

一ヽ

・

72

う

一

や
０

16｀ 8

14.53

8.23
，

　

，

;)osl tttcrro I xr rrr.r I

!)rclllcilo i ,:r rr s:r I

'l'ltcrlnorlYn:t nl ic Sl rrtlics
l'hcrrnorl.):II:tnlic l)lr':lrrrt.tcrs ol' Sl:rrrtlar-tl Stittc

Irigtrrt t6) alrd (7) shou Van't Ilol'l'pltll ol'thc birrclin_rl ol'r]''l-anti
CAl9-9rrrttil;otlr to tltc partiullr purillctl (',\ l5-j in lrcni-un brcast tunrors
(Fibroaclcll(,iltl.l ) altd tnulistilrnt hre ust trrnrors (llX') rcspcctir,,clv. at
clillcrcrtt le rrtp,.'i;.rtlrrcs (5. 15. 15. -17 irrrtl .15 ',C). lhc dcpclclc,cc .l'
ccluilibriLnl e()ilsttrlrl (irl'llrrilj e olt\[ilt.ltt lirr. hirrrlirrr: ol' r]il-urrti ('A l9-9
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arrtiborly to cytosolic liaction ol'[rrclsl. cilrlccr tissuc (ll)C) on [ctttl"rcratLlt'c

can bc obscrvcd lionr Varr't Ilol'l' ;llo[ rcvcalccl that AII" itt gcltcral ltas

snrall posil.ivc valucs t:rblc (4) arrcl (5).

Tablc (4)
'f hcrnrotlyrrauric

CAl9-9 in
pararrrclu's at stirnrlitrtl sl:t(c 。1・ 1251_llll t i(lA 19-91o

p rL'nr cn oplt rrsa I .llrcasl ca ttccl' ptltiCFllS(lDC)

Table (5)

Thernrodynanlic paratncters at stllttlartl state of r2sl-anti CAlg-9 to

「

C▲り12_i,pQメ 叩919Pl里§illl'ICI,l C4P,91 Pali9り tS(lDc)

fernp.
oc

△HO
l〔J.1■ oL~1

AGO

KJ .moL-r
△SO

J.mol‐
1.K‐ 1

く
υ 3.79 -5.43 33.17

25 3.79 ‐6.10 33.17

37 3.79 -6.42 33.50

45 3.79 -7.75 36.84

'l'hc ncgaLivc valr.rcs tll'A(1" rcllcct thc stability ol'tltc conrplcx

honcc, thc higlr al'linity ol'thc rcac:tants. 'l'hc high ncgativc valltcs ol'A(1"

lirr thc bintlirrg rcaction arc corrtrullccl b-v hi-uh ltositivc AS" valltcs tll'thc
collplcx lirrnrcd. So. otrr systcrn is charactcrizccl try tlrc solc ctlrrtributitlli ol'

ASo to thc stability ol'thc conrplcx lorrnccl. u'lrich Al'lo has littlc or ntr

cI-lect Whcrcas. thc n,:gativc valucs ol'AG" irrdicatcs that thc rcaction is

spontallcous at thc stanclarcl condition. On thc otltcr ltartcl. thc high positir'c

ol'ASo sLlggcsts that thr: [rincling u,as crltropicalli'clrivcn arrcl ilrtlicatcs that

thc hyclrophobic irrtcractions pla5,ccl an irtrportant rolc irr thc stabilitl ol'

conrplcx lbrrlittiorr (20).

45

Tcnrp.
oc

△H°

lくJ.I■ oL‐
:

△(l°

KJ。 11lo L‐
l

ASO

J .nrol-l.lt-l
5 6.48 -7.78 51.29
く

一
，
つ

一
6.48 -8.81 51.30

７う
、

ヽ
′ 6.48 -9.6り 52 17

45 6.48 ‐9.62 50.61
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Figure (7): \'irrr'{ Ilol't'pkrt lirr lhc birrtling of rrsl-arrri CAlg-9 antibody
to c, r I()-() irr ;loslnrcrrol):rsiuirl llrc:r.sr c:urccr Jlaticrrts (lDC)

Therrnotlvli:lntic I):rrarrrclcl's ol'.l'r':rlrsiIiolt StaIc'l't'ittt:,itiorr stittc tlreorr Postrrlltccl tlrat thc inlenrction ol't\\,o
suIrstatrccs .rr lot'ttl Iltc lltttl Ptrrtlucl l)r'(,e,.erls tlrrorr-qlr tlre lil'ntation ol'arr
activatccl corill)lr'\ (truttsition stlrtc). ('orrscc;rrcrrtl-r. tlrc association,rl'lltl-
anti CAl9-() rttttiltoch rritlr its (',419-9 curr bc rc1'l'cscntcd as lirllrr\!Sl

t:' I - uttri('.;

,Sltzt,( t:

, r(,.11() 9 ,['" Lurti( .ll.t t) r'll() uJ' r[,,'I ttttri('..llt) t)!(..lf u ol
Irr lr'ltt,rl,,tlt tttnltit\. l;ittulltrrxlttct
it.iut\tltt)n.\lttl., .Sl,a.,(/;)
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'l'hermoclynalllic paranrctcrs ol'thc trartsititltr statc wcrc dctcrrnirrccl

lionr thc applicatiorr of Arrhcnius eclLration to thc kinctic clata. Figurc (tt)

apd (9) strow Arrhcniurs pkrts lbr thc hincling ol'CA l 9-9 to its arttibocly. thc

slope ol' the line rcpresents thc activation cncrgy (1i,,,) ol' thc birlding

rcaction. thc lincar rclationship indicatcs thc depcndcttcy ot'thc associatioll

rate constant ol'thc hincting ol'CAl9-9 to its antibocll lor pre:- antl

postmenopausal breast cancer (lDC) homogcttatc olt tcttlpcratttrc. 'l'ublc t6)
and (7) show thc valucs ol' thcrrrroclynarrric parametcrs ol' thc transititln

stittc. 
;l'ltc high valucs ol' activatio'i t-rlcrg1' l4' I tt K'l'nrol-r atrcl l5' 13

K1.nrol'l ol' CA I 9-9 li'onr prc- arrd postnlcnopitusi.tl lrrcust citllccr

respcctivcly, rcprcscntl; thc rerluircd cncrgy to r-'tt,crcomc tllc cllcrq) barricr

6l- [[c trapsitiorr statc lilr tlrc lorttrutiott ol'(l2sl-arrti CAlg-9 atltibotlv i
Cn l9-9) cornlllcx. Al:so thc valuc ol' activatiott cltcrgt is irl i.lcc()r(lllllcc

with thc high positivc'valucs ul'AG*. vvhich irtclical.cs that tlrc lirrtttittiott ol'

the activatccl conrplcx is a ltorl-sllorrti.tt'tcotts proccss altc'l rccluircs il lot ol'

cnergy (cqual [o li,,) to ovcrcoutc ttrc transition statc cttcrgy barricr arrd

giving the flrral proclur;t, wlrcreas tho high ncgativc AS* rcvcalcd that thc

activatcd complcx hacl a ltlorc orclcr structurc tltarr thc l'ctlctiu'lts.

Front thc resr-rlt obtaiucd ol'thc thcrntoclvttarnic paratncters in thc tratrsitiotl

statc. it carr bc corrcluclccl that thc positivc valrtcs ol'AII* ancl high positir,'c

valucs ol' AG* arc tavorablc to ovcrconrc thc ettergy lrarricr ol' thc

transitigrr state, thc hig;h rregativc valucs ol'AG{' is mairrly attributcd to tlrc

dccreasc i6 cntropy of r;hc transition statc (AS* < 0). In adclition thc positivc

values ol'AI-l* sl'row tlrat thc hcat corltctrt ol'thc activatccl ctlrttplcx is tlrorc

tlian that irr isolatcd sprcics ( lti.2l ).

It is proposctl thal. thc lirntration ol'ir cotttplcx oceLlrs itt lhc trt'o
stcps. 'l'hc lirst is thc stabilization ol' tltc complcx b1 h)'d,',,r,'t,',,-,l'.

irrLcractiops ancl sccond is thc stabilizatiutr b1'short ratrgc irltcrlictitlns. suclt

as clc:ctrostatic intcmctiorr. hytlrogcrt boltcling antl Viltt clcr Waills

irrtcractiotrs (22).
llyclropho["ric irrtr-ractiolrs contributc to thc ctlttrplcx stabilitt' r'i'l h'"h

pttsitivo crrtropy clrangc (AS'r')> 0). whilc clcctrostatic illtcractiolls.

iryclrogcrr borrclirrg ancl Van clcr Waals intcractiorts ctlrttributc to thc

stability ol'thc cotrtplc:i via rrcgativc clltropy chatrgc (AS* t' 0)(22. l3).
'l'hc thcrnrorlyrranric clata indicatc tlurt tlrc hinclins ol'rr5[-anti ('A l9-

9 aptibclcly to CAlg-9 urc: cntropv drivcrr ancl irt agrcclllcllt 
"rith 

thc collccllt

tfuat hyclrophobic intcracl.ion plal,art intportanI t'tlte irr thc lortttatiotl ol'

lrrsl-arrti Cn l9-9 arrtiboclv / Cn I 9-() ) contl"rlcx.
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'l'ablc (6)
Thernrotl\rniinric l)ilrilnre(u's ilt trilllsition statc ol'r251-anti CAlg-9
antibo(ly lo(｀ A19-9 ill l〕 rCillC1101)を l ll｀とII l)rctlst callccl・ 1)ttticllts(lDC)

鰐
p11。
路(lく tJ。 11lo「

:

△H
Iく ,Ionlo「

1

AG-
KJ.nrol-l
6170
り5.り 3

AS-
J.nrol'l.K-l

AS-
J.rnol-r.K-l

―175.47

:'ll l)ic(7)

TllcH110(|ド 1lnilliC l)と ll・ 21111● lCrS t11 11・ llllSition sttltc of!251_と 11lti CA 19-9

qntitlodl ro (-.\19-9 in ;rostrncrrop:rtrsal,breirsl cancer paticnts (IDC)
AfI-

I(J.rnol-r

()824

r)、 、2

AG-
KJ.nrol-r

84.44

y=‐ 1.5243x+8.0898

-18295
-234.03

-232り4

|  -249.23

¨
．
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Ｃ
コ

4

3.5

3

2.5

2

15

1

0.6

0

rrt' 'ttl-arrti ( A t9-9 :rntilrottr.
c:lnccr pllicnts ( I lX')

82.07

31 34

(1/T)X103(Kl)

l,'igure (ll): ,rl'r'lrcnirrs plol lirr thc lritrrlirrg
to (' \ I()-9 ilr t)l'cntcnol):trrs:ll lrr.rls(
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い 岬 ♂
IJち
♂ ≒与国 IJり』 ひ メ lψ l Ⅲ  Ⅲ 3もL」 脚 彗」 oメ 」 |

。
(ノた7)■メ|

静 逼 りけ り ひ ｀ 3Lり Jり』 出 ごL戸 ユ,… 1l t hLと ,キ■ ノLL工 |ゝ |∴ 、ヽ
」

.[)cvcndra Kunlar fa軍 |ごらいり|ぎ国ノ井リ

INTRODUCT10N

A rcal valucd lunction′ノ(_I)、  .T=(■卜∬2・・・・ヽ■″)iS sald tO bc 1lallllonic

in  f7-dilllcnsiollal  ltuclidcan spticc  だ
′′
  il｀  it has c()ntinL10uS partial

dcrivativcs ol'thc llrst and sccond ordcr and satislics thc lン aplaCc's cquatioll

孝

+寿
…
寿
=仇

′
「 hroughout a ncig1lborhood Ol｀ l1lc origin in R″ .Stich ilinctions havc

sphcrical harnlonic cxpansiolls:

(1.1) ノ′(χ )=Σ〃
“
(χ ),WhCre ′′川 arc harinonico honl()3cncous

polynomials of dcgrcc ′,7 inχ卜χ23・…■″,(3).It haS bCCn shown(4)that
the scrics(1.1)COnvcrgcs absolutcly and unittnllly on cOnlpact subscts Ol｀

tllc opcn baH″ =々卜 :|∬|<RI,Whcrc lTI=(χ :+χら+… +χ ;)1/2.
/l | 

= tirrr sup (llv,,, rrl0lll f rttr.]lt"" ,(1.2)

an<l tlrc nornr of tl'rr"',i,it, gradient ol' tt1.r; is dellnecl as lbllows:

u =(tr1,o.t.....ort) of non-negative integcrs. wc

antl ut = ttlt. u ,1...rt,,t . Wc also tlcttotc thc

∂|`J

l;rrr gngh I e('' (ll" I ancl
よ
r ar」
2…よン

non― nc8ativc intc3cr〃 ム ICt thc llornl ol｀ t1lc′′メ′ノ7 3radicnt ol｀ /′ bじ givcn by

For each r-tuple:

define l,,l= ,,, 1- (t) + ...s,

dillbrcntial opcrator D''
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卜切搬pTTT

型洲岬ツhI‖∬∵′ザ

0≦ ア≦∽

[;or lirrtlrcr clc:llrtitiorts nrrd trututiorts. wc shall rclcr to (tt.9),
(lt is well known that itl- (i. r) --+ co (/.s t' --> cn. See. Iitr cxamplc ( I 0).

(1.8)

(1.9) 竹がけ hup

where M(r,H\=maxlF/(.x)1,,-,. If thc analytic lunction ./1;) =fu,
n=()

linite noll-zero (p.,t)- orcler/r( r,.qt(ll\ irr the disc lzl< fi. tlren the

characterization ol' its (p.t7)-typc 'rt t,,t\(ll) in tcrnrs tll' I'hc

coefl-tciettts a,, is givcr:r by I l2l by thc rclation

f″ is of

explicit

l・aylor

wlrere logtol rr,r, H)=,441r,fi) apd logt' M1r,/-/;= 1u*logl t MV. tl).
Fol・  an  antllylic  ll11lction  `/  with  

′
l'ayk)1・  scrics  c、 pansioll

./(5)=Σα″ノ″,WhCrc P~l=linl su‖α″|ソ
″
,it has bccn shown(H)that

″=0                         ″
~)げ

)

ρ(″ ,暉 )(イ,R)as deiCd by(1.7)with ν (′
・)=日
1)|ノ
(Z】 iS g市 Cn by thc

cxprcsslon

Prp.qt(ll)+ A =limsuP
logIr'' tl ,,

,,-*' 1u*'rr-logn log* la,,lR"
where A=l if p-q=2, A=0 otheruise, and lbr ,r>0. wc put

log*x=nlax (logx.0). Irlow wc necd thc dclrrrition ol' (p.q)-typc ol' thc

function H(.r). Suppose that H(.r) is ol' Ilnitc nonzcro (p.q)' ordcr

prp.q,t(H. /i) in the ball.B,,. We dellne the 1p.17)-type 't,o.r,(//. /l)of l/(.r) .iust

like the (p,q)-type of a function of complex variable analytic in the disc

lrl.n, 0<Rcoo (12). lt'he (p,q)-type t\p.,t\(It,n; of r/(.r) is dellned by the

relation
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(1.10)

l)r. Muslrtaq S. AL-Slraibani

1t a c1 *).

P--2- q=l
p>-3.

′
iノ )`′ )(R)Z〕 (′ ,`′ )=11′ )で′),

Wh∝C4″ψJリン
Pい♂″¬

1上

量T讐己
rμ

Mμ
l

rJl′ ,.′ , しl′′“′,(″
)・ |卜′″'`ホ }1/しム′,ィメだ))れ′'″ }1プ

r,     lt,r

β
(ノ'7)1/t′
′ヽ′,(′ )(だ )                  il｀

and  23(′
,(′ )・
:l                                      il｀

Then t/(.r) is saicl t. ha'c tlrc indcx-pair (tt.tD. p>q>t if
b < P11t.,tt(ll.li)'- 't:. attd p11, t,1 1,(tt.lty is nol. a nonzcro lrnitc numbcr.
where /r=1. il' p (/ iut(l /)--t) il' 1, ..,7. tl' (1t.q) is tftc inclcx-pair ol'll
thefi p11,.,1.(tt.tt) arrd l; 1t,11(il-l?) arc callcd 17r.17)-ordcr and (p.{)-t}pe of
H = H(.r) rcspcctivcll,.

The n.tions of index ard (tt.,t)- order play a significant role in
classilying tllc rapidly irtcrcusirrg lirrrctions arrall tic ir.r 8,, . I lgwcvcr, [6csc
concepts fail to conlparc tltc l'irts ol'qrrrrr,th ol'anv two f'unctions analytic in
8,, that havc tltc sillllc (7r.,7)-r)t'r.lcr. lhis papcr *uives thc tlistinct paranretcrs
Ibr the rots ol'-qrowth ol'suclt liurctiorrs. Our rcsults cxtcnd altl irirprove the
results duc to l)evcndra Kunrar-( l3).

The tcxt has becn diviclcd into two par.r.s. Scction l. consists of
introductort cxptlsition ol'thc t()pic arrd a lcnrnra which is uscd in proving
the main thcorcms. In section 2. rve ohtain expressions for the gro*ih order
and type ol'tt. cxplicitly in tcrnrs ol'rhc ntrh gradientslv,,,H(gr.interior to
the ball 4,,.

Thc lirll.wing l-err.ra (l-l) givcs upper and lowcr bou,ds on thc
maximultt vltlttc al,taincd [rv u harrlrtrnic lirrrction on the sphere,s(r1 of
radius ,'ccntcrcd at thc ori-rrirr. in tcrrrrs oIarralytic funcr.ion tll'r..

Lenlttta A. Lct ll ., tt1:'1 lrc i.r harnronic in a ncighborhood ol'thc
origin in R".'l'lrcn fbrall r..lt

(l`H) /ヽ(′・
`′ノ)≦ .1ノ (′

・こノノ)1 1ノ 11′ .ノ′)。

where
「Ⅲ…レ鴇 ■σ

了
ｒ
ｌ
Ｊ

け
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′
Ｖ
ん
【

，

一

ｒ
ｌ
ｌ
ｌ
ｌ
ｌ
ｌ
ｌ
Ｌ

〓
1v,,, lllo;ll
tttt l.(rtt t (tr /l)

and

ν!に′′)=V「げ2)Σ√肩僣ノム91√面マ

『

再爾)メ
′′′ 1)

,uvltcrc ,lo is thc clclttcttt ol'thc surlircc arca olt thc splrcrc ,\(l). altd ,.,, is
thc sr.rrlrtcc ilrcil ol'tltc s;'rltcrc ,\( l) .

MAIN ITESUL'TS

Tlteorem l. l-ct //(.r'), .t = (.r,.,\,......r',, ) bo harrnronic irr a ncighborhoocl

origin in ll", having indcx pair (t.,t). turd supposc thc radius R

harmonicity o1'I/(.r-t is given by (t.2).'fhen thc 17.,.17)- order ol'a(r)
given by the expressior-r

Ptp.qt (H. /l) + A(1t,r/) = lirtr strp
loQレ
ー1]川

lo8(9~:)′′′_|。 8・ lo8す (▽″′′′(0)″′!)R″
′

Proof. Lct I/, (r.ll). M(r,ii) arrcl N,t,(r,//l bc as clcllncd in Lcnlni.r
A, we observe that [lz, ,ir'. /1)]t is an analytic lunction ol' r.. and thus can bc
continued analytically to cornplcx variables. wlrerc the radius ol'
convergetlce /? ol'

可
2

ltr -, 1,'. rr1)2 -r'(, / l) I lYrl:,l/(I))lr - -)r,-' 
,? tttt, l'(rtt t (tt I 2)l -

is given by the cxpress,ion (l 2).Furthcr lt,tr1r.n)l'=lur?.1-1))2, wlrcrc

r=lzl, ancl

河

　

刈

・
‐ｓ

‖世∬p等鵡尋到出p郁淵喘

鸞w〕
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-l'hus thc sr'()\\ rh ()l'thc lirrrctrorr[,t/, (_ )l is lcss than or cqual to thc (/,.q] -
growth or(lcr rrl' lhc ltut.nrortrc lirnctron ii ( r l;urthcr. trr the classical
Iunction tllc()fctic lcsull ll ll Lhc r/).,/)- gt',.)\\th ordcr ol' thc l'trrretion

[,,t1,1:l]t clrr l.rc crprcssctl rrr tcrnrs trl ils lavlo.coclllcicrrts as lirlhrrr.s:

|t1,,.,,r1 il',.lit l( 7r.7) lirrrrrrp

i,,s''/ i' lar lot

h)ド |′
,,12′
′′

I、理
:● 2)卜″

′

′′′!||′′′

“

　

″

　

つ

¨

″
れ′

Sincc I'(,, ,

P11,.,11(L! 
), k) . ,( /). rl) . lin) \up

. r/ lr
L rrr lll

Norv wc ()bscr\/c tltat ,l/,1r. // ) is alsrr

can bc continucd to cornplt'x r uriuhlcs.
thc powcr sclics

M,(r,tl1. .. lrii l) ) ",/r, 
{.\ , //{r},

ttt o

|()=|′
,ll

唾,町 F劇 ノ
lun analt ti: lunction ol' '.. and thus
n ltcrc thc radius ol'convcrgencc ol'

. arl I(lr,1,r/2t)) --"'

ヽ

′
た
″
′

′

″

　

，

¨

| 
(ヽ)ヽ Cヽ tcl

is also it lir cn b1, lhc crprr..ssiorr r I .]). liurthcr appll ing [hc rcsult ol'
[,crrltna A. \c obtirirr .lt tr.ltt \t,tr.lt) 

|_rr) 
r/1(r.//). and thus thc 12.r71-

growth or(lcl ol' //(.r) is lcss tharr ol' cqual to tlrc 17r.q)- gt-orvth grdcr
p1p.,11(Mt./i) ()l'(hc lirrretiurr .v,t:. ). llrrt in vicu,olthc result (1.8). (p.,/)-
order p,r,,,,(.1/i. /?y is givcn hv thc cxprcssiorr

ρ(″ ψ)(ル
メ|.κ )1 1(ノ

'`′
)=lin〕 、uP

k墨 |″
ll″

ば‐″唾W「

'P

|▽〃〃(01 R〃

イ〃F← +J
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|。 gレ
ll″

=‖ in sup

Or

log(v tl nt-log' lug*

|。8レ
ll川

,r - lc,g* log * (V,,, /i (0)1, tnl)ll"'
=1彎wp面面

= /)11t.qt(/.'l,.li) r /1(ノノ,7)≦ /,(ノ
'`/)(′
ノ、だ)1/1(ノ

',7)

≦/,(ル′|.々 )+/1(ノタ、7)

|。 8[ノ
' |〕 ″′

= linr sup
t''->(^ 

log('l t) tll - lttg* ltlg- 1v,,, l-l1o)l

tttl

Ilencc thc thcorenr is provod.

Rcmark l: tror, p-t1.=2 this thc()rctn irrcludcs'l-lrcorcrn l. [r1, Irryant arrcl

Shankar (14).

Theorent 2. I.eL 1/(.r). .r=(r1..r1....,.r',,) bc hannonic in a rrciglrborlruocl 9l'
trrigin ilt /i". Itavirrg in,clcx-pair'1p.t1\ arrcl supl'lr-lsc tlrc radiLrs ol'harntonicitv
ol'l/1.r;is givcrr b1,(1.2).'l'hcn lhc (7r.17)-t];'rc ol'//(.r)is givcn by lhc
exprcssion

R′
′′

't'11,q1(tt,,o= 
,,;1,,) lii:,::,,(rugt' 'l ,,,j 

*1 " 'o 
';,,[l-0" 

"

L

whcrc
B(1t,t1.ll\=(p,,.,,(tt.lt)*l)(,'r,,t"''"u,) f (/r,,.,,til,n;)(,',,,trr.trr) 1irr. 1t==t1 - ).
l)(1t.q.tt)=l il' 1,>:.1. atttl pt,.,t(ll-ii)).0. (/=1.J....

Proof. In thc protlf o['']-hcorcnr I it has bccn shown that thc (7;.17)-orclcr ol'

fiut,1r.tt1)', t/(r) arrd M,e,H) arc all cqr.ral. 'l'hus thc (7r.r7)-orclcr ol.

I/tt.1r.tt1)' is cqual Lo pt,.,t(/i.n). and so llrc (p.q)-typc't'tt,.,tttNIr:t .R1,
according to ( I .10). is eliven by

1v,,, n1o)l
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γ
i′,,7)(1/2~・ /t2) B(p.q- ltl

Sinccい′2に″」 has a la)|(■ 湖1ビ、c、 pm、 lon、 i山「田|.nonnc8■ ivじ
cocttcicnts nll、い/](I、〃ボニ[ヽノ「(I.ノハlr.l｀ hus:

的 L嵐卍卍準Ψ川×
[    |

hnⅦ P108レ

||()s'

|

F'or p =2. tt.. l. it fbllous li'orrr(l.l)tlrat

\, orrr.fi;1r''r "''t','llr.(il. til.* l),'', tt ti' t'l

× ||:11、 L:|〕 Ir)ll'

l12′
′′
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″
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|

|

Again using l,cnrnra A, wc havc

-t' ltlglT''tl /,l1'''H1
s ilnl sut)- ";';;'' (n n - t')r',",rtt 'ttt 

'

Ncxt, tlrc 17,.,7;-orclcr ol' A4,(:.tl)is alsop, p.q)(il.R), arrd thus by thc

rclation ( I . I 0) thc 1p. 17) -type '['t 
,,.,,,( tvt t. tt) is given by

Ttp.,tt(Mt,R) - - 
I 

- 
lirnrup(tog["-21,,,)R(p.q,ll) ,t >,.

WC thLIS haVC

7し、ィ(■イ2メ )≦ 7).″ (〃、R)≦ ′♭
“
(1′ぃR)

=詰 wは司
[

/々′'7)(ノ
//tl)|′ 1(ノ′″)

I-lence thc thcorc:m is provcd.

Ilentarl< 2: Iror. 1t =2. (t=1, this thcorcnr inclucles
ancl Shankar ( l4).
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Using Symmetric 'l-est Matrix
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Assistant Profcssor (NIath.); Tcchnical Education Cornrnission; Najaf-

Bn gineeri ng Tcch n ica l Co llegc, Ii-ma i l : ud el r(rr) na lrar rDost.conr

ABSTITACT

In this papcr. stability artcl insLability ol' irrtcrconncctc:d systcnr via
Lyapunov dircct nrethod was stuc{icd. arrcl rrcw rncthocl lbr this pLtrposc was
introduced. In this lnetltod, a related tcst rnartrix was introducecl as a

syntmetric nral.rix.

i-)Jl

.;;",UJl ..eil+U ii1';.t.J)i ar JAIsLll rtLJl LJljiLl +-l;.: i,'',-i\l l* d
,.rli* l+i *i. .:^rd ri ;UiiYl d.irr-- ri .'',,,- .k--.,tt C -li -;!l lU';+r+ 4+)t

.o lbl \\r

INTRODUCTIOI\I

n stability cril"criorr irr lcrttts ol' l.yapunov dircct rncthod ol'
irrtcrcorlrcctc:tl svstcrn lurs applictl irr nrarrl, 1-lr-ohlcnrs.lior.uptlatc il is usccl
irr tlrc rtlbustlrcss clcsigirr ol'l'vt,t.t,corrtrollcrs ( I ). r'clatiorrshilt hcnr,ccn strcss
and straitt (2). lhc impacl" ol'thc naLLrral ll'c,clucncics ol'vihratiori ol'thc
urnpcrturbed systcnr (3).

OIte coltlltton tcchrrique to analyze intcrcorrnccted systcnrs (or large-
scale systcms) is to clecollrposc tlte interconncctccl svstcnt into a rrurnbcr ol'
Iowcr ordct li'cc subsl,stcttts. 'l'lrc airl ol'lhc tlc:conrposition is to rclarl.c an
ovcrall systcm to 1r./ Lcst rnatrix. wlrcrc r clcr.rol.cs thc nrurrtrcr ol'
intercontrcctcd sr.rbs),stenrs (4). 'l'his tcst uratrix nta) bc as il positivc
deflnitc (5), negativc dclinitc ((r). Mctzlcr ((r) or M-rnatrix (7)" clircct
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opcrator ol'nrrtliccs (8). ol nruiti dclinite mrtrices (9. l0). Consequently.
qualitatirc bclrirr itrl ol'or crall irr lcrcon rrcctcd slstcnr ciut lrc dcduccd liom
the clualital.ivc plopcrtics ol rclutcd (cst nratri\. In this papcr. thc lclated tcst
matrix introtlucctl as a srnrnctric orrl\ rrithout nccdccl dellnitcncss.
Mctzlcr. M-rrtirtlrr. rrl trtltcr ;r1 Pr'r'tics

Basic C<lnccpts

I"ollotrirrs urc bitsie kn(t\\n r:(),refl.)ts. llrich nccdcd in lhis rcscarch:

Definition (1, (ll)) lhc rcal srrlrrrretrie rr x n rrratrix ij -(h,,)is suid kr bc

positivc tlclirritc il thc lcrrtlirrg prirrciplc rnirrors ol'l) arc all positivc. such
thirt it sutisllcs llrc lirllo$ ilru s\ l\ cslor 's crrntlition:

i t', . h..

th.. tr.. ...
dct (lJ,)= tlctl ' 't:

i

ih b-ir'
whcrc (lcl( /,', I tlcrrotcs Ilre

b,,

lr ' 0.i l.l.....rr.
:

h,, '

tlclcr'rrrirrtrrrl ol' .i lr.r i rrratrix lt

Definition (2. ( I I )) 
.l 

hc rcal sr nrn'rctric n x

negativc dcfinitc ill' -ll is posilivc tlcllrritc.
lbllowin-g I Iicks's conrlition:
(-l)'dct(8, 1 .t) lirr'.j I.1.....n

Thcorcrn ( l. ( l2)) l.ct /; (/, I bc rr r
lbllowing pro;rcrt ics arc cllr.livrlcrrt
Pr: (-l )r dct (13,) :' () ..i = l. 2. .... n .

P2: -t'B"r .. (t litr all vcctor' .r . /i . u'hcrc
P3: Eigcnvalucs ol'[] arc all ncrutir u.

11 fnatrix ll - lh,,\ ) is said to bc

such that nratrix IJ satislics thc

l ctll 、、inl11lctlic 11latri、   thcn thc

.r' is lhc lransposc ol' .v

Definition (-1. (12)) \\'lrcn rrrnrrrctrie nlatri\ , r/,,,)sarrslir.i one i)l
propcrtics ()l"l llc()r'cr)r ( I ). tltcrr it is errllctl stablc.

Thcorcnr (2. ( l2)) l.ct /r - (h ) bc rr

lbllorving 1rlopcttics arc cllr-ri\ irlr'nt.
Cq:tlct(l)1) -() lirr.i .l.J. .rr.
C.: .r'B.r' rr lirl irll \ ccl()r' \..
C.r: Lrigcn r alucs ol' ll arc irll l)()siti\ e .

 ヽ1l i Ct11 ヽヽ千11lnlctric nlatri、 . thc:l thc
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Definition (4, (12)) \Mhcn syrllnrctric rlratrix B = \b,,; satislics one ol'
propcrties ol'-fheorcnt (2). thcn it is callcd unstable.

Theorem (3. (13)) Il'1.:r =(4,) is.u1 11 x n real synunetric rnatrix, thcrr thcrc
exist non-singr.rlar nratrix P such that I)-'B[r: diag(]"r.]",.....].,, ). whcrc ),

.rcpresent cigenvalucs ol' B /' I is tlre inversc ol' p . and r/irrg( At.)-.....1,,)
is the diagonal rlal.rir r';ith cliagonal crrtrics 2'.r

l)clirriliotr (5. ((r)) I'ltc rr- vcctor V is cirllctl
r.vhere v'(r)=(vr(t), ...., v,,(t) ) il' V(0) : 0

i = 1.2,...,tr .u,lrcrc r,'is thc tratrsposc ol'
r': (./ c /l') x /1" -> /li

vcclor l,yirprrrrovc lirlrcliorr
ancl vi (t) > 0 fbr each

r, . and v is dcllnccl as

Definitiolr (6, (6)) A cotrtiltr.ror.rs lunctiolt rir: [0. rll 
-- 

l{' is saicl ru bc
belong to class K i14,(0) :0 arrcl il'$ is strictly incrcasing on 10. r;].

Theorcm (4. (l l))'l'hc s1'stcrn i: h (t . X), -r e lt".te /l'. is statrlc il'thcrc
exist a vcctor l.yapuno've lunction V(t) satislics that r;(/) .< 0 . wherc i
dcrrotcs thc total tinrc dcrivativc ol' r' . illtcl h:(,1 c /l')r /?,, -> ll,,

Theorem (5, (ll)) T'l-rc systcnr i: h (t. x). .r'e /?"./e /l'. is unstablc il'
thcrc cxisL a vcctor Ly,upurrovc lirnctiorr v (t) sutisllcs tlrat yi(1) ., () lirr
sor"rlc rcgion ,l c 1J(r.). t),(r) = {.r e il" :ll.ill< ,..r.> 0}. whcrc ll r ll clcnorcs lhc
norm of .r

l)clinition (7. (14))'l'hc rcal s-\,lrrtrctric t1 x lt lratrix 13.- 11t,,; ,uyith rrolt-

lltlsitivc ttl'l'tliuqottitl ctttrics is slrirl lo be N{-Malrix il'it srrtisllcs tlrat
tlct(/1, > 0 lirr'.i I . 2 . ... . n .

Definition (8, (14))'l'hr: rcal syltrnrctric n x 11 ntatrix B =(b,,) is sai<J to be

Mctzler il' h,, < 0ancl b,,>l).i* jl-or all r,7 ..1,2,....tt.

Theorern (6,ll4l) An n x n Nlctzlcr rrratrix B =(.h,,) is stablc il'l'
(- l)i det (B.i) > 0 ..i ,= l, 2, ..., r-r .

System Description
Lct r: h (t . x)
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be a largc- scitlc s\stcr1't uhct'e .r'r /i"./,: fi'..i',' t/,I and tt: tl(t')x R' -+ /1"
,lt

lbr sonrc r '0. B1r1 = l.r e /t' :llll . /.r'> t)f \\,c assuntc that h is

suf,l'iciently snrooth so that (3.1)posscsscs lurcvcry .ri, e 81r) and lbrcvcty
[.,€ R' one and orrly onc stlltrtion x (t: \(,. t,, ). \\'e assuntc that x = 0 is an

isolatecl ccprilitrriurn ol'(l.l). antl thus lr(0.t)'- 0 fbrall te l{' .

Wlrcrt s\':ilcnt (.i.1 ) elrrr hc ttt'rtturt ls iul rrrtcreorlltcction ol'scvcral
lower ordcr sut'rsrstcnls. tlrcrr it cart hc ntoclclcd by ccluations ot'the lirrnr
( intcrcorrneclctl sr slcrrr ).

/,= J'i(z;,1) r st/,."'./).r - l.l. ./ (3.2'1

whcrc /. c ll"'.t , ll'.f ,: lt"' ; tl )/i"'. g, : /1"' r....x /i" ,./l' >ll"'

ancl .4:/i,1r;;. /i >ll" .. ,q, : /i,rr1) . li,lr',y . ll - >/1"'.rvhcrc

B,(r,) = t\/., . li" il/,11.- ,',; . .rrrttl I r, ,,..\' (t:. .t:).

./'(.i-.r)' = l l,(2,./ )'.... . lt(Zt-t ll .

g(.r, / )' = I N,l /,.. . . . /.,. t )'... .. g, l./,.. . . . 1,. t i I

where ' , (3.3)
Zi=.1,(.,./)

. r€present licc subsysLenr ( I .2.(. ).

New Main llcsults
´
l・、、o nc、、「csults it)1‐ sttlい ilit、  ti!ld i1lstと ibilit、 ()1・ lar8c scalc dynanlic

system etrc introcluccd irr tlris scctiorr.

New Stabilitt, Ilcsult

l.ct t,.( / .r):/?,, lt > /? bca positivcdclinitc lultction wherc

$,,tljz,lll' r,,1/,. t ) ,i',.1liz,iii.,r,, e l.tss l( (4.1 )

thcn the total ti;nc clcrival.ir c rs

u, =(Vu,)'(ll + gi ) (4.2)

By takin-rr (Vrr, )'1, :. -o,g,,1jjl.,11)..;, . l{' (4.-} )

(V'r,, )'g, -. lr,.rlr, till,iir.lr,, , t< (4.4)

rr. + 1t,,.1,. ,. ll
artd ..1 ttt I t 

tt (.1.5)
lt

thcrclirrc V .\rr (.t.6)
rvhere A = (lt;,) bc il c()rlstiu'lt tcst ntatri\. \,'= (!,r.....v, )

is thc vr:ctor l-vaprrrrovc lurrctiorr , rr,' - 1(r,,.....rp ,)
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is the comparison vcctor such that (r,, e class K tbr.i :1..... r

Nolv wc introclucc a s;ymnrctric tcst lrratrix 4 wlrcrc

t
.4 = (tt,,1 = ),CI ii" 

In,o^{q,.,,,,1

(4,7)

The nratrix 7 in (4.7) is synrnretric and is dilfcrent liom the matrix .4 irr
(4.s)

Ily r"rsing (4.3) antl (4.6), wc havc

VsAw (4.tt)

Lct us talic u: R,, x l? 
{ + R as a positivc clollnitc liurctiorr whcrc

u - b,v,lt,= (1,....1) (4.9)
then

aa

u - b'v (4.10)

By substitr-rtirrg (4.5) in (4.7), wc havc:

i,.h')r, (4.11)

Sincc ,1 is syttttttctric thcn by ursing lhcorcnr (3) . lhr:rc is an (x t non
singular matrix P such that

A = P-'RP =cliag([,.....]1,) (4.12)

u'lrcrc ),, are cigcrrvalucs ol' a
By r-rsing (4.8) ancl (4.9) . ()nc can havc:

11 a h'diug().,.....) )r (4. I 3 )

,,<I tr,il,r (4.r4)
i..t

Assutnc that ,l sutisllcs conrlil.iorr /f ol'thcorcrrr ( I ). thcn h1, ccltrivalurcc
it satislrcs cottclitiott /l ol' tlrcorcrn (l ).'l'hat nlcans all cigcnr,alucs ol'
J arc ncsati\/c .rvhich irlplics tlrlt

,.tl (4.15)
That ntcarts. whcn wc Lrso u ils il positivc clcllnitc liutctiun. r,ve lral'c that

u <0. thcrclorc b1,usirre tlrcorcrn (4). systcrn (3.2) is stablc.
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Note (l)'l'o clrcck stabilitr ol tcst rrriltrix n. onc cilll usc propcrt) (lrr)
insteacl ol'(l).r) ol'thcorerrr ( I ).

In tlrc last. u'c arc itt u position to inl.rotlurcc thc lirlklrvirrg ncw rcsull
Ibr clrcckins stal'rilitv ol'irrtcrconlrcct sr stcnr.

Prorlosiliolr ( I )

lntcrcottttcctetl .st'slcttt (-1.2) is sl:rblc il' tlrc lilllowirrg :rssunrptions arc
satisficrl:

A1) For licc strhsistcttt (i.-l). tltcrc is ir positivc clcllnitc lunction p,(7,; . t)
suclr tlrut:

(,,tll/, ,t ',,1/.,.1\ (r ,1 iz,1i) rlr e llrss K

A2) 'l'hc totll tilne rlcrivutir e r, slrtirlles thul

(Vr, 1'l' --o,rlr,,{,il,j; ).,i , l(

1Vrr, t'g '. tr,,g,,tilz ijy. t'' lt
'['hcrr tltc rclirtctl tcst nratrir .t rrr ) has tlrc lorll

A=
―σ !1)

l〕
ll

A3) 'Ihc rclatctl sr rnntctrie tcst nlatri\ r\ - (a,, )

-(a
A={ rr

Irnar Ia,,.1,, I

satisfics that ( l)' dct(1, ) rt lirr' .i I . .... r

Nen' Instabilitv llesult

Norr. \\c eiln stu(l\ irrstrrlrilitr ()l s\stcllr (3.1) u'hcrc r,(L,.t) as

delined irr (4.1 ) . irncl

(Y u,l t, .? -o,0,,lllz 1p.o e lt (4. I .b)
(Vr,, 1'g, > h,,O,.tlit,ll).h, e /i (4.2.b)

ly 
t;' + tr"

(4.s.b)
,1,.

So. V ,, ^r. 
(4.6.b)

Tlrc svnrnrctric Lcst nratrir -\ =, (ir,,y lrccorr.rcs.
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(4.7.b)

By using thc sattrc llttlnllcr talicrr in prool'ol'propositiorr (l). wc havc
u> 0 consccluently. and by usirlg thcorcnr (5), systcnt (3.2) is unsLatrlc.

Note (2)

'l-tl chccli, iltsta[tilitr ol'svrnr.trctric tcst ltrltrix n (4i,,). onc cillt Llsc:;lropcrl.y
(c1) instcad ol' (c.r) ol'tltcorcrn (l). So r,r,c introducc thc lbllouing nu,l
rcsult.

Pronosition (2)
Interconnected system (3.2) is unstablc if the following assumptions are
satisfied

A1) Iror liee surbsystcnr (3.3). therc is a positivc dcllnite lunctiorr p,(Z; . t)
such that

0,tllz,lll < u,(2i,. r) 1 (,i,(liz,ll) g e class K

42) 1-he total tinrc clcrivative u satislrcs that

(Y u,)' ,/', > o,0,r(ilZ,ll).o, e /i'

1Vu,)'.t, :. tr,,(,,,{llZ,ll).1t,, c. ll
Thcn thc rclatccl tcst rrratrix A: (aii) lras tlrc lilrrrr

|.o+lr
A={ 

I rr

I 
b,,

Exanrples

To clear above ttcr,r, resttlts. wc introducc thc lbllor.r ing cxanrplcs
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r,r,ith rro irr tnrcliorr. nc hlrr c:

(Vu,)'l', =\;( \,t- llt,ll'
tltcrclirrc n'c cltoosc r|l,- ..,ii . t 1..,. r. ..

witlr irrtcrirction. rr c har r.:

′ヽ(lclヽ 1.Il.lく .`へ Iリーltllil‖ 1lahi

Examrllc ( I )

[.ct us stutlr thc lilllorvirrg intcr.conncctcd systcln. ,' i\,,1Xr = -\r - e'i t .. 
\,_, /

fi rr, ,,i*,, )x: = -x: - -1-c ii\ il I *- j

whcfc Nt ='( Ntr. \r:)'. N., ( \,s.\.r., )' rt t- ll

wc can chotlsc r, -liir,l, ls lhc positrrc clclinitc lunction vi = 1.2.... then.

Vtr, \,

町出■μ小IIII
=平卜2「ホlド |

WCpu卜 |121

ど≧l=)一ピ
′
≦一l.111crclo「ヾ

ⅣЧL≦二¥ニド|■■̀ф 2:
by thc stinlじ ぃこ1)｀ h`Cn、、c put l、 〕||]・ |・ VヽC havc

Ⅳじ]ソ3r■ギ:卜 ||｀こ二子
ス中ぃ

thcn thc cOl・ l・cspOndi113:]lllti・ iヽ  /ヽ  {tiCCOrdi118 1o(4.5))bcc()nlcs
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/ r\l-r -vrr1
A=l 2 

|l-J" -r I\+ )

tlrerelbre the syrnnrctric matrix A ( according to (4.7) ) is(-, --Gl
)t=l 'l i

lJ" ,l\.+ )

tl''.,', ln,l=. -l< o. arrrlll
lnl , " o. tirr'(r'-rr.l(rI I 16
-l'hat 

ntcarts conclitirxr ,,1, ol'proposition ( I) is satisllccl .corlsc(lLrcntly. givcrr
intcrconrrcctctl systcrrr is stablc lbr 0 < rz < t6

Frolrt tltc othcr hancl and lirr conrparisorr u,ith son'rc ol'prcvious stuclics .

onc call talic tlrc lollor,r,ing L:arics:

l) Accordirr-e, to dcllnition (7).A is not Metzler bocausc lhat thc ol't'-
diagonal cntrics arc all ncgativc.
2) lrt,l= *l .So A is rrot M-Matrix accordirrg to clcllnitiorr ((r).

:j) 1.4,1 -l -a . So A is not rtcgativc tlcfinitc lor rr'-s accorclins roL

clclrnitiorr (2).

Exanrplc 2
Currsiclcr thc lolllorving contl"rositc sl,stcnr

.l)rr = -Ir + -_Til.\';)

(),, ]i, )rr=-r:*l -',- 
|

( - xi, ):zt )

whcrc xr : ( Nrr . \r: )'. x2: ( xzr , x:: ),'l'lrcn 
, thc li'cc subsr stcrtrs arc
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ii =-''l
/'\. I \''r '\'', I

Jr, =-); +l I

l. --r;,.v, , ,/

Ottc catt clt,tosc r,, I ,'. ,,}. tltu ;rlsitrr c tlclipitc lirlct,iols gl' licc

sttbsvstcrns. thcri li rrc.

Vtr,' \, i 1.1....
rvitlt It,r ittlct;rt tr,rrr . rrt lr:rr,.

,, =-ti( t,) llr,ll'
ir'.. t'] )

u, =.\,(_r. +l II r':..r .l
= -ll', ll'

wc can clroosc +, ll*,ll' I t.-'. i. ..

with intcraction. uc lravc

11
(Vu, )s, rlr , r,,r..I

It 
2 

t"t.'

. I 
rr,. ,r'i ,. I'

- ,ll ', I l,tll

consccluctlth:

/slu rrhcrc V 1u,.r,.1.rr . (rjr,,.(r, I

then thc corrcsportding nriltri\ ,\ ( uccording to (rf.J) ) bcconrcs

た
[∵
:吉

4坤
( ir(c()r(linr.l lrr (4.7) ) is

，

一

７

′

tilcrclo:c thc s、 11l11〕 Ctric t〕 ,titriヽ   ヘ
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and

l-l-rlltttln'l=-'-<o.uncl lnl ,' '-l>rr
I I 2 i l 2 4 ,1 "'

'l'hat ntcalrs conditiott zl, ol'proposition 1l) is satisflcd, conscqucntly,
givcn inl.crconncctcd sysLcnr is stablc.

Frottt tltc othcr hancl artd lor cornparison with sonre ol'prcvious
studics. onc calt takc thc tbllon,ing uascs:

- I) A is Mctzlcr urtcl stablc accordirtg to clcllnition (7) and lhcgrcrrr ((r).
. respcctivcly.

2) A is not M-Martrix l'rccause the of]'-diagonal cntrics arc positivc
according to cleflnition (6).
3) A is negative de'finite and stabk: according to dcllnition (2).

Example (3)

Consiclcr thc Iirllorving conrpositc systcrl

*r = xr -**,,^;,
..-,, \: = X: --,-\ilX:r

4

whcre Xr : (xrr.xr:): Xz:(X:r.x:z). alrd the two licc subsystcnr arc
ii-=Xi .i:1.2....
t1c can clroosc thc ;rositivc clcllnitc lirrrctiolr

,, = lll*,ll lbr caclr {i.r:c surbsystcnr. i : 1.2,...t2rtil

thcrclbrc wc havc

\/ l,r = -\.,

u,ith no intcrlcLitln. n,c havc

(Vu,)'1, =xl(x,)=llr,llt i :1. 2, ...
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thcrclbrc u,er chuosc 0,,.,tl.r,ll' i .=1.l-...

with intcraction. uc havc

(Vu, )'.(r = .r;t-r1 vr r-r;,,0l'

-l 1 f
= 7ti' 'r"

_t
> - ' llr,ll'llr,ll'

2tt 
tttt

' whcn wc 1'rttl. ll. i!' ... I tlrcrr

1vu,)'rir r'li,.,il lilr,ll'
and

(Vu,)'.q, = 
'.11- lr;, r,,.01'

I

= _;_tir .r,r
4

= 
_jil..,11,11..,il,

= -jil,,11,- jil,,it,

cotlscclttctttly. itttcl uccot'tlittu. to (-l.5.lr) . thc cot'rcsponding tcst rnatrix is(, | ' llr'rlA =1, It -l 
I[ , ' .,J

l;ollovvilrq (.1.7.h) . tlrc :i\ n)lllctrie tcst rrurtrix i.s

( ! Ll,-l ,, ,tl
[, .t)

Whcrc

l,t,l=l ,6.u,cl 'rl -l-J ' ,,ll2 : is I n

I'ltat ntcatts cuttdititll I ol'llroPosititlrr (l) is satisljcd. conscclucntlr.
given irrtcl'conlrcclcd systurrr is trlrstuhlc.
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Co ncl us io n

Whcn stability ol'givcn irrtcrcor.urcctcrl svstcnt [o bc studicd, thcn it
rclatctl to c()nstant tcst rnltrix. So. tlrc t;ualitutivc hchavior ol'givcn systcrrr
is subnritl.ccl kr ;-rlopcrtics ()l'tcst nratl'ill. whieh ntar bc has thc lornr ol'
dcllnitcncss. M-nratr x or Mctzclr. In this puPcr. und lirl llcxibilitr'. thc
rclatcd tcst rlatril rvas inlrodtrcctl ancl tackctl as a srntrlctric rnatrir ilr
t'cqarclccl on thc inct;uirlitv lrnd lhc corrrparison pr()pcrtics. Marrv exrrrrrplcs
arc prcscr.ttcd lill tlrc rrclv rcstrlts arrtl lirr thc contl-rarison u,ith sotnc
prcv ious st rrrlics.
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Solvable Case of a Two Machine Flow Shop Scheduling

Protrlem With No-Idle in Process

'l'.S. Alltl rr l-ll,az:rr1

Matlrcnratics I)c;l:rrfrnen(, (lollcgc ol'scicrrcc. A[,-Muslarrsiriyirlr

I lrrivu'sil.),

AI}STITAC'I'

lrr this papor. tltc two ntilchirrc llorv shop tluc clatc assignrrrent and
schcduling problcnrs with no-idlc in proccss arc consiclcrccl. l;or thcsc
problems, thc duc clatcs are to be obtained lionr thc processing tinrcs by
adding ar positivc slaclt Q. A sclrcclulc orr [hc tr.vo nraolrirrcs is lcasiblc il'rro-
idlc tirrre otr the ttrachitrcs and thcrc are tlo tardy .iobs. Iror thc duc datc
assignmcltt problcrl (DDAP). wc arc lool<ing fbr Q which rrrininrizc i.l non-
clocrcasirtg lirrtction II(C"Q). u,ltcrc (i is lhc otr.icctivc ol'thc corrcsl'ronrline
Ilow shop schcdurlin-e problcm (l;SSl'). In ordcr to bc alrlc to solr,'c (DI)Alr)
r,ve must know how tt:, solvc thc corrcsponcling (FSSP). ln casc ol-arhitrary
dr.rc datc thc total carlitrcss (l"SiSl'}) is sho,uvn to bc NI)-harcl. ll- no-idlc
schccluling and SI-K cluc clatcs constraints arc uscd. thcn both (DDAI)) and
(FSSP) are provc(l solvable lrroviclcd that Ci is thc total carlincss. Iror thcsc
problenrs, wc design I'hst algoritlrnrs lirr tlrcir solutions.
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INTIi()l)U("1'l( )N

lrr tlrc Ptlrlrlerrr trntlcr r'r,rtsi1lg1"11iott. tlte olr.jcctivc is trt lltttl optittlitl
vlllucs ol tltre tlrrtt's turtl relrrtt'tl oplitturl seltctlttlc so tlutt to trtittittrizc tltc

total carlincss. ln ;troduel.i()n l)lannirts t\,c look lilr tltc valucs ol'rcalistic
duc datcs bv ulrich tlrc protltrct slrould hc nradc or dclivcrcd to thc
custonrcr'.'l'lrc tltrt'tltrtc lrssisrrrricttt tttrrrlcls rtltcrc rlttc dlttcs tlcg'rcnrl ott tltc

.iotls ;tt'oecssitt-r: titttes ltt'c e olist..lr:t'ctl.
'l'lrc.iust ilr tirnc (.ll I )eonccl'lt irt irttlustn accorclin-u to u,hich.iohs arc

to bc colltplctc(l rrcithcr l(x) cu'lv not' too latc. gavc risc to schcdrrlirrg

rcscarch rvitlr non-t'cqLlli.lr nreilsrrrcs ol'1'rcrlirrrnurce (l). 'l'lrc cluc dates arc

flxcd, thc hi-elrg'ut'c tltc eltitttces that pr()(ltrcts vrill bc tttadc.iust in time. btrt

thc holtlittg cost tltitv ttlso iltct',.'lt:'c stthstittttiitlh (l).
llr this pilprr lvc lirrnrrrlrtu rlliltlrst'n.lticill nrttrlcls lirr tlrc cluc duts

assignntcltt and llou' shop sche.luling problcttts and prop()sc al,c,oritltnrs that

find optintal solutitrtts ultclct' il ccrtaill asstttltptiolt.
If tlrc duc tlutcs al'c arbitrary. thcn tlrc two nrachinc llow shop

scheduling proble rrr ( lrSSl' l is N l'-hartl sittcc tlte: corrcsporrding problcrrr lilr
single nr.rchirrc i. Nl)-lrlrrl (l l. llorrercr. l local scarclt algoritlrnrs arrd

genctic ulsoritlrrrr: earr he trr.'tl [o lirrrl ultproxitttatc sttlutiutts Lo such

problenrs (4. 5. 6).
It slrorrlcl l'tc rrotccl Ilrirt lilr a singlc machittc. vurious objcctivc

functiorrs o1' cal'lirrcss or tarclitrcss arc anlong t'l'tost ptrpular. studied
problcrrrs irt scltctltrlitt-e. sec (7- ll).

ln this pi.lllcr'. [() i.lssigrr tlr.'dtrc datc il eonrlron slack is usctl uhich is

addcd to llrc I)t'()rrssil'ls tirrrur ,rl irrrlir irlual.lolrs ()r1 lhc sccond ntachinc B.

Thc Sl-K due rlirtc rulc sulr.,lring sonrc condititllts hclps ttl nrakc thc
assignltrcnt arrtl lhe tlvo ntreltirie lltlrt :lto1t 1lt'oblcttrs solr,'ablc [r1 lzrst arrd

cxact alsoritlrrns. ln tltcsc 1'rroblcrns. rto Larch.iob is alltlrvcrl.'l'his kind ol'
sclrcduling ancl tlrre dtrtc lrssir-lrrrncrtt pnrblcrtts arc lirttntl irr situal.ion wltcl'c
the tardincss cost is c\tr'('nrclr lrigh conl[]ilrcrl to carlirtcss ctlst ultcn tardr

.iobs arc lirohibitt'rl 1 l3 ).
'fhc rcrrrirrtler ol'thc llaper is or-slrrtizecl as lbllorvs. Itt scction (l) rve

dcscribc Ihc ctlrr:;rtlcrccl prolrlcn.rs in rlctails. ln scction (2) thc problcltts
fbnnulatiolt ol'(lrSsl'}) irrrrl (l)l)nP) arc -uircrr. l)ropcrtics ol'lcasiblc and
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optinl.ll schcclulcs arc givcn irr scctiorr (3). lrr scctions (-t) arrcl (5) rvc
prescnt scncral al-ettrithnrs lilr thc solutions ol' tlrc cluc datc assigrrntcnt
prolrlcnr (DDn l'}). and thc two nraclrincs llow slrop schcch-rling prroblcpr
(FSSP) respcctivcly. Thc two rrrachinc llo,uv shop r.vith total carlincss is
givcn in scction (6). Section (7) is thc conclursion.

l. Problcnt Dcscrilltion
'l-hc two tttacliittc llow shol'r schccluling protrlorrr (l;SSl)) is consiclcrccl.

It tttal'bc statctl as lollorvs: cuclr ol'rr.iobs ( nunrbcrccl 1.2.......n ) ol'1sct N
Ittust bc proccssccl rvithor-rt intcrruption Iirstll, on niachinc A ancl lhen on
ntacltinc ll..lob i( i'=1.......rr )bccorncs availlrblc lur proccssirrg 1t tirlc
ze:rtl iltltl rcclttircs a positivc proccssing tinrc ol'a; arrcl [r; on ntac:hirre A arrr-l

l) r'cs;rcctivcll', l:lch.iob i rcrprircs tlre tluc datc r{ [r1, rvlrich it is clcsirablc
to conrplctc il.s proccssirrg orr thc scconcl ntachirrc ll. (iivcn a scheclurlc. lct

C,'ancl C!' lrc thc complction tinrcs ol'.iob i on rnachinc A arrtl u
rcspccti',,cly. thcrr it is clcar tlrat .lotr i is carly il' C,/' < di. is tardv il'

C!' , t\,, is orr tinrc il' C,t' - r1,. 'l'lrc carlincss ol'.lotr i is l:, = d,-C,'' .

,uvlrilc thc tarclirrcss ol'.iob i is 7, -- C:' - cl

ln this papcr to assign the duc datcs {.1 corllllorl slack Q is acldcd to thc
processirrg tinrcs ol'incliviclual.iobs on thc scc()nd rnaclrinc B. i.c..
d,-b, +Q. i *\,.....,fl .......,.(l)

Whcrc b, is thc prtlccssittg tirne ol'.iolr iorr rnachinc t].'lo solvc tftc
SLK duc clatc assi-utrttrctt[ problcrrr (l)l)AI'). it is reclr.rircd to lrncl thc slacli
Q that ntirtinrizc thc tron-clercrcasing lirnctiorr tt(G,Q ol'its arsurrrcrrts, 4rrcl
G is a trtltr-clccrcasirrg total carlirrcss lunction ol'thc corrcsponcl (1.'SSl,).
'l'lris (l)l)nl)) lrrttl Ihc cot't'cs1'torttlirrg Ir,r,o rnachirrc (ltSSl') hlvc rrot hccrr
considcrccl by an1,' rcscarchcr as ntuclr its \\/t: llrov\,.

'l'lrc tlll.icctivc itt thc ttvo rturchinc (l:SSl') is to llncl a lclsihlc scherltrlc
ort cach tltacltirrc llrat obcys thc prohlcrn constraint. which llirrinriz.c lhc
total carliltcss lor i.t sivct.t rluc datcs nitlr rro turtlr,.iob and rro-icllc tiltrc. I;or
thc tu'o tttitchiltc (lrSSl)). it is u,cll linou,n (l-5). that is not nrrccsslrr)' [()
c,rttsitlct'scltctlttlcs irr rt'lticlt Iltc processirrq ortlcrs orr Ilrc tr,r,o lrtrcltincs arc
tttlI iclcntical. ('ottsctluctttlv. u,c shall rcstricI oursclvcs to ltcrnruLltiorr
scltcclulcs. r.l'hich havc itlcrtticlrl 1'rroccssirrq rlrclcrs orr tlrc nraclrirrcs.'l'hc no-
icllc coltstraitrt ttrcatrs that nrachinc A. ll r,vorl<s corrtinut'rr-rsl-i,withoLrt icllc
irttcrvals. 'l'his corrstrairrL zirises irr rcal lilc siturations. I:xanrplc tll'sLrclr
schcdrrlc is ttnclcr "ncl-icllc corrstraint". usc ol'r,cr.v cxpcnsivc ccl-ripnrcnt
with thc ll'c (lctcnnirrctl lrr t.hc ucrual tirnc consurnption (l(r).
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Wc look lirr tlrc ol)tinli.ll \Jluc ol'() ovcr lltc sct ol'scltcdr.rlcs ilt u'hiclt
no jobs is tarclv. l:ollouirru stlrrtdarcl notiltiort lrlr ntachinc schcdulirtg. rvc

dcnote tlris (DI)Al') b) t'.lC" S d ,, i|o - iclteltt (G,p). 'l'hc associatcd

two uraehinc (l;SSl)) ariscs ultcrt Q is girt:n a llxcd valuc. Sincc // is a

non-decreasirrs irr thc (l;SSl',. it is strl'licicttt to nrittintizc tltc lr.rnction G

ancl to clcrrotc [his prolrlerrr hr itrltC ' -rl ,.,\o - idlt'lO ,rt thc (l)l)AI')

above rrc lool.. lor tlle (lLlc (iirtcs so lltitt tto.iob is tarclv.'l'hc carlittcss
liurctirrrr is tlrc lr,rltlirt-u eosI ltrtietion (itl')t t'cpt'cscnls tltc cr.tt'l-r,cottrplctiott

ol'the.iobs on rrruehinc l]. hcrrec tltc lon-ucr il nroduct has to hc storcd. thc
largcr associutctl lroldirrs cost shotrlrl llc. thcrclorc (i is rtort-dcct'casirtg
llnction.

It shoukl [re irotcd Ilurt a strottg Nl'-ltitrtlrtcss lbr 1; I lIa," problcm
rl

cstablishcrl by (ilrrcr arrrtl .ltlhrrstlrt (171. ljtlr rtr ntachirtc. \\'u r:onsidcr trvt'l

ways tll'constrtte trirg a Ito-irlle .cltcrltrle. llotlr at'c ttsctl cotrsccutivclr on thc
tnachincs. startirr! uith seeorrtl rrtucltitrc. thirrl. lrtd so on Lrntil last tnacltine
( l6).
(l) Right shilis. rrc shili t.o tlrc ri-eltt crcn opcration that prcccdcs an idlc
interval. Lrntil all itllc intcn als ltavc bccn clirninatcd.
(2) Lcli shilis. lt llrst \\.;,\chc(lrrlc thc ()l)criltiorls on iVl 

^. 
k ) 2 irr a lrlocli

witlrout irllc inte i'r uls. stlriirrl tr ltcrr thc lust .iotr on Nl 
^ 

, ltas bccrt

contplctccl.
For thc lluri slrop schcrlulirrg. it is tlclirrcrl in (16) a lrlocking.iob on

ful*. k>:2 irr no-icllc schctlLrlc as tlrr-' lirst.iob on bl r that prohibits

shiliirrg trr tltc le li.
llr llris lllllrr.';'. r\r: eorrrirlr'r' tlrc t.'lrrlincs: ltrrtction t illil rvhich is

inrportant lbr irrrentor'\ rnrtl :;r:lrcrlulirrg. . rrhcre C;(t;) =iU thc total
r'l

carlincss. rvhiclr rs closcli re lutccl to lltc so callcd prioritv gcncraLing
lunctiorr. It is ucll knoun irr schctlrrling thutrr'-r (lt{) that arl} priorit\ -
gcncri.ttirru lirtttti,rrt ctltt lr,-'tttirtilrtizetl itr ()(tt log tt) titttc. As ult crittttl'llc
lvc Llsc lltc Pt'i.,r'rtr lr.'rr('r',rlirrrt litttr tion lot' tltc Ir.ro nureltinc (liSSl')

f.lN,L - iJtcll, '," prol'rle rrr. l;or cach i e A'. r,ic aru -uivcr.r thc
il

proccssirrg tirrrcs rt, ancl /t on rnacltincs A ancl I] respcctivcl),. to mirtirrtizc
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total conlplctiorl tinrcs or1 nruchinc l]. i.c. to rninimiz.c fr,". L-ct

r-l
6 -(o(1),...,o(rr)) bc a scltctlulc. arrd lct thc blocking iolr is thc lasr onc.
lhcn thc priority gcncrating-liurctiorr is givorr by.

-,-l @- i+t)b.,,, .… … ..(2)
,・=! ノ=|

2. l)r'olllcrn |torrrrrrllliolr

ln tlris sccl.iutt. tltc nratltcnraLicll rrrodcl ol'thc tu,u ntachirrc (ljSSl,)
with ob.icctivc ol'nrininriz.ing thc totul carlincss C is litrnrurlutcd. l-ct u,,b,

dcrtotc the proccssirrg tirncs orr rnachinc A. Il. r/, cluc clatc. arrcl C,t,C,"
tl-tc corrrltlction titttcs ott ntaclrinc A. l) r'cspcctivcly lor.iotr i.'l'hc ob.icctivc
is ttr llrltl it scltctlttlc al ol'.iobs tlrat nrirrirrrizc G(o) l'lrc nratlrurraticul
ntoclcl ol'our'(l"SSl')carr lrc statctl as:

y:f{ct")} - trinlkt,-C," )

s.t. Crr(i ) 2 oor,, 
i"l

α。=α
"1)

αド `4.)

α′}≦ (1ぃ

i - 1,...,t.t

′=2,...,′

′=l,…っ′7

′=l,...,ノ′

(FSSP)

+`′σ(′ )

α
“
≧αけ)+仁m i = 1,...,r1

Whcrc o(i)clcrrotcs thc positiort ol'.iob i in thc orclcrirrg d urrcl S

clcttotcs thc sct ol'allsccprcncr:s. It is i,r,cll knon,n (19) that C,ff ,, is olrtairrccl

by.lohnson's algot'ilhnr lbr F, l lC,|l,, protrlcrn: tlrc.iobs lirr r,rhiclr u,<lt
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are storc(l itt trun-rlccrclsing ()r'(lcr ol (/, iln(l sc(lLrcncc(l llrst. lirllolvcd [r1'

rcnlairling.iolls sortctl irt nort-incrcilriing orrlcr ol'/r, . Notc tltat il'lvc arc

ablc to solvc Ihc f lrSSl)) 11[rorc. tltctt \\/c lrc atrlc to solvc thc (l)DAI')
which clrtt hc strrtt tl rts.

(l,rril
(Dl)AP)

3. Properties of lieasiblc anrl O;ltirnal Schcdules

Surppusc \\ c ltirr c tlrc [u o rnllchinc Sl.K ( t)DAl,)

FrlC',' a cl ,, N't, icllcl t t(tr .0; antl thc crrrcsponcling trvo nraclrinc

(F'SSP) /', lC, :.,1 ,,Ao- i,llciG rcsrrlts shurr p is givcn. Wc considcr

tltis tr.t'o rttucltinr' (l'SSl') lnrl sho\\ propcrtics ol' lcasiblc and optimal

sclrcdules. l;or rlrc lt,iL'',t ': ,l ,,No illt'l(i problcnr a schcclul c o
lbasiblc il'rro.iolr jco is trrrtlr' ()n tlrc sccontl nrachinc I) and no-idlc
tinrcs on thc lvvo rrrlchirrr:s.

Il'uc havc ;, schctlulc .;--= (rr(l)....,o(lr)), thcn it is uclI knoun

liolrr thc tlrcorr ,,1 llou slrop ihaL tlre cot'r'csl)ontlirrg C,ff ,, lirr l,l l(',';,,,,

problcnr carr bc rrlitl.cn lirr sorre tt e r\ =.11,...,11)

i = 1....,1

i - ),...,il

i - 1....,1,

i - 1....,r,

i -- 1.....rr

吼√1儒恒げ:卿刊 ……… ..(3)
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Proposition (l ): t;or tlrc two nrachinc ([SSP) [, 
I

problcnl a schcclurlc. irr lvhiclr .iotr ../, is schcdLrlcd

only il'

d. > ct', ntil\
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.(4)

Prttol': Strpposc \\,r: lt.lvc ir ll.lsihlc sclrctlrrlc' rl. hcrrurl irr this sulrctlrrlc clrclr

iolr.i is corrr;llctccl on rrlrclrinc Il ur C',t ar/, lrntl rhcrc arc no-irllc tirlcs orr

thc rrrachirrcs.'l'herr o has thc lbrrr (o,,J,).ll,lrcrc J, is tlrc last.lob unclcr

o. itttcl o, is a subscqucrtcc ol'thc othcr (rr-l).iobs. 'lil slrow that thc.iob is

pt'occssctl llrst itt (r ltlus[ ltc cotttplctcrl orr nurclrilrc l] lto clrrlicl'tlrurr C/'
. supposc that inccluality 14; ckrcs r-rut holcl lirr all thc.iobs.i Lo br: scc1u.,rJ:;
l:rst. tltctr.io[l ,,/, .ltssignccl lust. is conr;rletccl on rnuclrinc I] ut (',/'. nlrcr.e

C! = tutux{r,' ,Cl' ,\+ b, ……… ..(5)

Ilcrtcc.iob J, is tarcll,which is contradictiolr.

Nor,v str;rltosc thal .ioh J, satislics thc incrlLralitl,(4) ancl o has tltc

Ibrnr (o, ,J,). Sccluctrcc.iob ./, last so that it is corrplctcd crrr thc sccorrcl

machine B zrt time c/,. Order thc (n-l).iobs ol' o, so that thc proccssirrg
order on thc two nraohincs A and B is itlcntioal and such thc sccluclrcc is

Ieasible with rcspcct to the givcn ordcr. Schedulc thcse .iobs N - {L,}surch
tlrat tlrev conrplctccl on nrachinc [] in thc tinrc intcrval tsr,el whcrc

.… … ..(6)

-[hc blockirrg .iob is J,1,attcl tltcsc (rr-l) .iobs nrust lollow lhc clroscn

sequcncc. Ilcltcc thcsc (rr-l).iobs arc proccssccl on tlrc rrrachincs A and tl
respectivcly one alter other witlrout idle tinrc and thc last iob in tlrc
seclucncc contplctcs olt tttacltinc [] at thc tinrc.lotr ../, starts on nraclrinc lJ.

i.c.. at tirnc p - C,li,,, -lr, -- cl, - b,. 'l'lris is ckrne: bl,cunsicrcrirrg trrc trvo
\,vays ol'constrttcting a no-idlc scltcclulc.'l'hcrelbrc tlrc last.job ol'thc (n-l)
.iobs is completcd on rrrachinc Il a[ tirrrc Q. lrcrrcc cach .iob j + ( is
crlrnpleted on thc scconcl nrachine B by tinrc

t -C'l <Q<b,+Q=d,,b,r0,, rhis rncans rhar each job.i is carly ancl
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Solv:rblc C:tsc ul':t ltro llrrclrirrt' 'l'. S. r\htlul-li,azaq

tilcrc arc 11()‐ idlc ti11lcs.‖ じ1l cに'11ヽ C ohttli!lcd、 cl、cdulc σ 、ハth its ncw it)日 11

(σl,ノィ)iヽ lbasiblぜ .  □
lt is no、、 lに l`titivcl卜  、illll〕 lc nltittcr tt)dcdLiCC li・ olll thC pro()|｀ ()1｀

propositi()11(l)thビ lb‖ ()ヽ、11181に lヽnark.

Rmm餞 け h ttC d｀W}昼 ド件 七ル ーた〃dG山 げC ttSa

lじtisibic、 chcdt:lt σ=(o・
|、
.ノ )、、ith('1ゞ ≦(/′ lt)「 cach i(〕 b ノ∈σl.SuCh

t1lat tl.I()|ヽ ,ノ′、、itll CI11、・1(/ィ |)ヽ 、じ11じ dttlじ d ltist.:l:ld lillisllじ、t)il tllC scct)1ld

nlachinc 13 on tinlに (ヽllれ、・W1111c thc N― |(ノ′}10bS arc schcdulじ d、 so that thc
Pl・
OCCSSin3 o:・ (lCr()!l thピ  t、、o lll:|ビ hi:1じ、 /ヽ lHltl l}t‖・c itlc11lictll(Hltl、 chc(lL:IC(|

on nltlcllillじ 13、、itllt)ut itllピ in tll、 'ti11lc illtcr、 al lヽ |.Qト
′
|｀ hc siュ llilictinct・ 1ヽ |｀「cnl:‖

・卜(|)i、 tht111

い)hた ICト イル 溜 1 0 pllt・ lll面 hい wh、 配d mb

considct・ |)じ
l・ :1lL:1(ltit)11 、chc(ltilぜ、、 i.c.. lintl tl Pci・ :1lutとltion ol｀  11lc .iobs

ノl,ノ 2'°・°''ノ′′
st:C1l that.、、hcil lllc)′ arc、 cЧ ticilCCd in t1lat ordcro t1lc vtlluc ol｀

G is nlinilllizcd.

(2)‐1｀hCヽ Ct Ol｀ tht)、 c schCdLllCヽ 、ヽh ic1l tll・ C()htaillじ d in rcnlark(l)contaills an

olDtimJ、hddc hr■

`サ

■t,勒―た〃dσ
「
oЫun価cc Gヽに3dw

lianction.

4. Algoritlurt lilr thc I)rrc tl:ttr' .,\ssiglttttcttt pl'oblcnt

Wc itrc rrou in po:ition 1,,hcgin solrin! thc ttrtl nracltinc llou sholr

SLK (l)l)n I') ,' lC',' :. ,/, . \ /, - idic!,1 I (G.Q) antl prcscrrl. a gcncral

algtlritlrrrr lilr its r,'lution. lt ir rr.'r.1ttit'erl to tlutct'rttinc iu1 optirnitl valuc ol'()
that nrinirnizc Iltt;.Q1 urrrl the u()r'rcslrondin-u optintal scltcdulc lilr tlrc trvo

nraclrinc (l;SSl') FrlC' <rl ^llo-irltclG lirr thc latcr (ljSSI'}). il'thc

valtrc ol'(l is -uivcri. rvc:.hall ri'r';Lrnlc Gto)bc thc valuc ol'(i lbrir lcasiblc

sclrcdulc <r antl tr(o (C))) .1"(Q)tlcrrotcs tlrc nrinirlr.rrn valuc ol'(i
wlrcrr o'(p)bc i-ur optinnl rchcrlulc anrl ,V(g) _ 

', ili satislics lhc

conditiorrs ol'prt'irtrsititrri (l) I i ..tlre sct ol.jotrs to lrc scltcclulcd last.

Lct [,p] , N'((/' )r .\'\Q' ).1 '- t - i '- tt, utttl lct

Q"' a?'''<... . Q'^', tlrerc vulucs ol'tJ ilrc thc brcakpoints ol'tlrc
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lirltction ll(G.Q). Our ainr is to lrrrd thc valuc ol- p{''tancl tlrc currcsporrrlinu

optirrral schcclulc o(O"' )lirr Lhc liurctiorr C tlrat givcs an opl.irrral valuc ol'
FI(G,Q). l-lence to solve the (DDAP). it is sulllcicnt to tcst thc lulrctiolt

Ll(G,Q) only lor tltcsc brcakpoirrts pt''l . r: | .2.. . ..,k.

Proposition (2): ll' thcrc cxists ,, Q''' 
) arrcl thc corrcsponcling optinral

sclrcclrrlc o. (Q''' ; li,r' tlrc (l;SSl') thlt rninirrizc G. thcrr [1" (G,0"'' ) it

rhc optinral valuc lirr rhc (l)t)n l') nrl, ' 3 cl ,,llo - ittlelH G,Q).
l)rtrof: 'l'u rninirrrizc lhc rrurr-tlccrcasirrs luncl.iotr I l(G,p) tirr

Q alQ"t,Q''' "'l,r'=1,...,/, - l. \\/c ncccl to sonrparc tlrc valucs

t-t(V. (Q"'),Q"' )ancl F/ (V- (Qt'' "'),0"'r)) ancl to ol'roosc tlrc srnallcst.
'l'o lind the olttinral due clata assignrnent, we necd to courparc thc

valucs ol'thc lunctiorr l-{(G,Q) u', all blcakpoints Q ancl taking

H. (G,Q'" ) - Min|H lC,Q)\,Q .lQ*" ,Q""')
Wc considcr thc corrcsporlcling closcll rclatecl trvo trtachinc (l;SSI'})

,rlC i 3 d.,, No - icttelG.t.et O bc a value ol' a such that

Q"' <Q <Q" 'l' li',r son'rc r. I < r < k arrcl lct O(trtt'iri i,',llrtit,v. Novl lor

(l:SSI'}) n,itlr Oancl O"'llnd optirttal schcdtrlcs o- (Q)trrld

o.(Q"')rcspcctivcly. I'hc scts ol'.iobs to bc sccluenccd last arc tltc satltc

fbr Q('')ancl 0. i... Nl7t't): N(p1.f ..t o(Q"'r;bc anothcr lcasitrlc

sclrctlulc lirr (l;SSl') rvith ()"t .

I Icncc /ノ (/*(2{′
)),C(″ ))≦ ′/(CIび (2(″

))),0(″ ))

Sirrcc our liurotiort C --f t,, rvltcrc li, - cl,-C:' thc carlitrt:ss
il

vrrtrrc ol'.ioh i c ,N, lrotlr sclretlulcs o'(Q)anrl o(Q''tlitl'e col'rL):igrotttlittrl

cclual. sirrcc botli ul'thcrn arc lcasiblc artd thc.iobs arc 1'rrtlccssccl irr thc

sanrc orclcrott thc tr,r,o trrachitrcs.'l'ltc carlirrcss L', ol'.io["r i e olpt'))is
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Solvablc (.asc of :t lutt trlitcltittc

二=(`/′ 一△)一 ((ず 一△)=(/― Cr,(△ =υ―ο
(′ )) ヽヽhiCh

'l'. S. r\ltdul-llazatl

is    thc

carlincs、 ol｀ 1()bルニσ
ネ
(Gり .‖ピllCC 1/(0)=C(∂ (0`′ '))二 (プ (σ

°
(2))・

It is e lcar tlrrrl ()( -. () l..rtls to

II(V. (?"'),Q' 'I< tt(c,(,)( ()"')1.Q"'). IItl't0l.0l .........(7)
llcrrcc \\'c l)r'()\'c tlrut (7) is lt'uc lot' all a in thc ilttcl'val

lQ''',Q" ";,1 , t' '- l, l. i I

Nou to construcl thc alllorithnt to obtain tlrc opl.inral valuc 0 * and

lltc corrcspontlin:' schctltrlc r-; tltat rlcllrrc a11 opIi111111 valuc l-l'(G,Q). lt
can lrc tlcscrihctl i''r lhc lirllori irrs:

Algoritltrtr (A): (;litint:rl I)rrc i)ate Assignnrcnt

Stcp (l): tlsirrg.lulrttsott's t'ul.' lirr partition N inttl tlrc tno suhscts:

N" =i je Nlcr <b,1.,,\,/'-li €A,lu,>h,1.

Stcp (2): l;tlr l .,,-itcrluit' cr i;, rrlticlt lrll.iolr: in .\'" are ;lrccctlc cuclr ol'

thtlsc itt ,\:''. tltt' r.rbs irt ,\ ' rre scqucnectl ur rron-tlccretrsirrg tlrclcr ol'c/,.

wlrile thc.iobs in .\'l' ilrc scclLrr'nccd in rron-irrcrcasing orclcr <tl' b,.

Step (3): l.ct d (1,2....,n)hc tlrc sc(Flcltcc ohtailrcd lrv.lohnsolr's rulc

and thc rrtirtirtturri (',ff ,, i. sir r'rr [)r'

C,11,, '= I/tLrl(',', .(',,", t /r . "itet'c (',f', i, tlte cotttplcliott tintc ol'.iob (n-

l) orr tturt'ltittc l!. (',,1 is f lte !()nll)lctit,lr ol' ioh 11 orr rnlclrirrc A arrcl 6., is
lltc proccssirt,r] tirri..' ol'.iolr n orr rrrachinc l'r.

Step (4): l{cltttttri,cr tlrt.' lrrst i.iolls l,?,...,/ rvlrclc ()--tt accgrdilg to

rcltrark ( l) Lo ["rc ..'rltrcricctl i.ir.r. Scrlrrencc /,"' ,l','tt,...,1r'^'.k < ll, rvlticli

cotlsist ol'lll tlistir,el trtlttcs ()l i)11)ccssirr-rr lirrres b, tlrr thc sccon,-l rnachirrc

l]. (.i, l.f,...., I in tlt't'r't'r.r,.irr,., 1y1'.1a,' lrrrtl llrt.rr coltlpule

Q"'' : t ,fi,,, -b .t.:- 1...../r

Step (5): lfor tlt, tobs lo lrc seltctlttlctl last. lirrtl thc sct fu'(0"') .,1'.i,rhs

J1,Jr,....J, li,r uhie lr h = ltttt. lrirrtl thc solutiorr ol' (l SSlr)

frlC'; !tl ,,lVo idt<,iC; rrirl, O(r'arr.l rlrr: valuc ol' I'. (Q"))arrd thc
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corrcspondin_q optirnal schcdulc o,tt . 'l'hcn

Ll. = LI. (V. (Q"'),Q")) and sct p. - e"t ,,or = o$ and r:2.
llncl

Stcp (6): Nor.r'rcpcat Llrc ltrcvious stcp (4) again, that is llncl thc sct M ol-

.iobs consistin-e ol' all .iobs 1,2,...,1 lbr. 'uvhich b, = 1rr' , . Lct

N (Q"') = Ar (Q'' t' 
; t-,lvl arrcl solvc thc lrrlL'',t s d,, lr,lr,t - icttalG

problcnr rvith Q")utttl w'ith.iobs ol'M to bc sccprcncctl last. l;ipd rhc

stltltllcst vltlttc l/('t rtl- ( i ttttd Iltc corrcsporrcling schctltrlc o('')ol'.io[rs.
11｀  /*(2(″ !))X/{″ ) thcn  sct v. (Q"') = vt'' ), othcnuvisc

v.(Q"')=v(Q'' ").
ll FI. > LI (V. (Q'' t 

),,O'' ' ) thcn sct /-/' = l-! lV. (e,,, ),e,,', ), o* = o(, 1

andQ. -Q(rt. Sct r =r+lancl rcpeatstcp(6) if r1t, othcrw,iscgoto
stcp (7).

Step (7): Stop vvith valuc p- ol'thc pararnctcr p ancl thc corrcspondirre

sclrcclr.rlc d* tlrat givcs an rlptirtrul valtrs

5. Algorithnr for thc Two Machine Flow Shop schetluling problenr

Now wc colrsicler thc trvo rtrachinc (FSSP)

n.lc i s cl ,, No - i,lblf E, rorrrininriz,c rrrc rorar carrirrcss rf n ), antr
i'l i r

prcscnt a gcrrcral procedurc lbr its solution. Surpposc
6 - (o(l),...,o(n))bc a I'casiblc schcdulc lirr rhis problcrrr. .ioh J,,,,,,is

cornplctcd olr nrachine l] a[ tirnc C,i,f.,. = dor,,, whilc thc othcr (rr-l).iobs

are proccssccl in thc ordcr (o(l),...,o(n -l))on thc nrachincs A arrcl l]
respectivelv withourt intermediatc idlc tintc startirrg at machinc B at tirne S'l'
dcfined by lrq.(6). I'-ronr thc thcory ol'llow shop schccluling rvc havc:

C.'!),,, = dor,,t _C,|i,, * Muxt1C,l,,,,C!1,, ,) * botit ......(8 )

I"lcncc thc total carlincss of' thc lwo nrachinc llor,v shop can bc
writtcn as:

G(o)= t Eo(it =2k1.,,, - C!,,,)
,l rl
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Solvltltlc ('ltsc ol'il , \\o Ilrrt'ltittt'
-l'. S.,\lxlul-ltlz.:tt;

(り )

鞣＋“

耐
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σ
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ヽ

１ハりΣ
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ヽ
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“
＝

０
ヽ
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Σ

′
‐
‥

〓

=Σ (み″り)+2)Σ (1′ ,

′ l          ′ l

′′                ′′                    ′′

=Σ (わσ日)+2)Σ (41口
)‐
″(1la、 一

Σ IAた
ハ
‐
IC/(‖ っ(｀ム′ぃ|十 年 (‖ ]

′ !          ′ !             , I

= i l),,,,, -nl),,,,,, i /r(',,,.,, ]t-f ,t lu.tt,('.,',,,.{',1',, ,,1 r l),,,,, l- (-,1,,,..

rl I

tt I

= i l)n,,, -t'tl)n,,, r?(',1;.,.(l l)- I li,lurl(',,',,, ,C'.,,, ,,1+ bo,,,)

r,=l r I

LcL d= i bn,,t. /in,,,, =nl)o,,,, " C,11,,. (ll - I )
rl

rtr ,tr

/(o,/?- l)= Ii \/rr.rl(',,',,,.( ''.,, 
, ,ll*1r,,,,1.. IC',".

rl
llerrec:

G(o) := L( - 0n,, , - y\o,, I )

′ |

It is clcar lirrrrl lt1.(()) tlrrrt tlrc olr.icctirc lirrrctiorr Gto)fitr tltc tr,lo

nlachinu (l;SSl') /',1('" t-,1 .,'\'o- irtrulfl-.docs not dc1'rcrtcl tlr thc.'l 
r I

original tlttc dittcs ;ittd tlocs not r'1)111'tllt tltc p:tt'ittttctcl'Q.
'l'lrc lurrctit't y(o,tt - 1,1 irr l:c1.(9) is in lirct thc oh.icctirc lirncl.irrn ol'

(lrSSP)/11Ⅳθ―ハ//司〉二(lおい|lh thCヽビl ol｀ loい、Ⅳ一|ノ″m)|・
′ l
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tJsing rctttal'l< (l)and l:q.(9). r,vc gct thc tirllou,ing rcsult dcscribins
tlrc structurc ol' an optirnal sclrcclulc lilr ( l;sslr)

u.lr" . d ,,l\,,1o - icttel\ti,
tl

4に「≦̀
//,Ⅳ
θた〃司立c thcrc c、 itts an oμ imal schcdulc such劇■la

ccH轟 n jobプ′dlat、 atislics thc αHlditions ol｀ pmp、ition(1)iS SCqucnccd
ltist,whilc lllc olhcr(l卜 1)10hS tirc scqucllccd to s()lvc t1lc t、 vO nlaclli:lc

(「SS助 鳥 1肋 一ノ dΣ C.″ Witt Sd oFjobs Ⅳ 一 {ノ (}.
′=l

Propositio!1 (3) sti33CStS all a13ol・ it1111コ  lor iindi113 an optinlと ll

、chcduにはr thc hvo machinc(lf｀ |`))ノ `il('1≦
`//,Ⅳ
θ―ル//cJ Σ仁ヽ lliCh

′ |

is statcd ibl・ 11laHy bck)ぃ 。

Algorithnr (li): Optirnal schcclule lbr- [, 
l{.',' ,h,o- itttclt,,, problcrn.

,l
Stcp (l ): scclucncc J, last accurcling to proposition ( I ) Yiclds thc

sLrbproblcnr 1] which is thc f'.,llYo-ictlclfr,t problcnr with tlrc scr ot'
l,l

.iobs w -lJ,).Notv lrrrd tlrc schcclulc S, =(o',,1)'"vhcrc o, is olltirlal
scclLrcncc lirr Iltc subproblcn"r P, .

Stcp (2): l;t'ottt tlte sct ol'lltc schcrltrlcs ,S . I'intl thc suhccltrlc ,S- such rhat

G(S.): lVl,itriG(5, )l

Step (3): Stop

It is clcur lirrrn ulrloritlrnr (li) tlurt \\,c ciln solvc thc /',1ru,l -
prrlblcrn irrstcad ol' solvins thc

n,lr" . ,l ,, No - irttcl\ 1, problcnr ro rninirrriz.c rhc roral
rl

thc tr.r,o ntachinc (liSSI').

研
「
　
耐

　

断

″）＞“Ｈ
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Solvablc ('asc ol' it l l o \llchiltc 'l'. S. r\bdul-ltazirty

lo solve trre i',i,\i,, ;cttal\C',/'1',t',,lrlcttt. n trlocking .iotr ol1

ll

machinc M *lt ). I is tlcllrrcrl in (16) irt a rto-idlc scltcdulc as thc lirst.iob

on M A tliat ltrohririts slriliirru i,, thc Icli

6. Two [\'l:rclrirtc i lort' Sholt u i(h 'l'olitl Ii:u'liness

Ntru \\c ,rtsitlt'r'llr..'pt'tl;'rct'tics ol'tlrc o;'ttitnltl scltcdtrlc lilr

FrlNo- ictlclir'," problcrr,. As ;rrorcrl in rl5). lirrrdurrrcntal thcorcnl
it

lrlr l'lon rlrtlp sclr,,iulittr stirtr'rirltI lu't optitturl :ehctlttlc crists lirr l;nt ,' I y
problcnr (,t/ an\ i..tullu'rncr\rrrt'ol'1lct'lot'tturrtet') rrith tlrc san'rc;lroccssirtu

ordcr otr tlrc llrsi .',itl rurreluirr.: iln(l tltc sattte 1tt'rrccssittt ot'dct'ott Iltc last
Irvo t.ttle lrincs. ltt,i,ls lirr llre err:.r' ttntlr.'t'tlisctts:irrtt (ttt ]). llcrrcc itt ot'tlcr trr

solve tlrc origirrri tuo rrrlclrrrr.'(lSSl'}) ,., l, " .rl ,,,\'o- icttcllti, \\c
il

lrave to bc ablc r, st)lrc tlre irio nrachinc (ljSSl') /', llVo- iddlfC,".
r=l

'l'hc lirllrrrr ing rL',,.,1ts csurblrsir tlrc solutiort lirr tlrc luttcr lrrotrlcrn.

Theorcnr ( I )' ( l(i ) j , in thc rrptitttal schcclr"rlc lilr

FrlNo-icltalf ,'," problr:rn. ilrc blockinu.iob. is thc lust onc. thcrr lhc
il

optirttirl scltcrlult' is rr'r'ortlinr i,, Sl' l (Sltortcst l'roccssirtq 'l'irrrc) 
olt

t.ttachirr.' li. c\ct1,' lor tlrr' lrl,'e kirrl .;oh llrlrl is thc onc n itlr nrinintrrnr

lttrrccssirr:: titttc,' li.

Tlteorcrrr (2): (1r,, l'ltc.iot'rs tirrrl 1i)prccctlc (ii) succccclcd tlrc [llockirre.ioh

in tlrc opl.inral r.r'lrcclrrlu li,r' /',lA'o - itllclfC'," prol'rlcnr arc ordcrcd
il

accrlrtlittr: to Sl''l ,,ir lI pt'ot r,i, r: tltc tto-itlle c()n\traint is ttot r iolatctl.
Ntrrg 111',1 tl ,)t'clirl llr', ..;trivulerrt to ilrc lilllouirrs rcsult.

り0



AL-Must:rrrsiriyl .1. Sci. V():。 16,No。 4,21)()5

Theorcrn (3): ( l6) I hc optirnal schcclulc lirr l.,lN'o - icttclfr,"
rl

problcnr r,r,hcrc lvlirtluil >- Muxlb, I is accurding to Slyl' on nrachirrc lJ

except lbrthc Iast.iob that is [hc orrc rvith rrrinirrrunr proccssing time orr [].
Wc usc Ihc abovc: rcsLrlts ('l hcorcrrrs (l). t:) arrcl (3)) to lacilitatc thc

solrrtitrrr ;rrocctltrrc lirr tlrc l',1(-',' 1,1 ,l\io -itllclf l-, prot'rlcrr. Wc Lrsc

rl
tltcnt trl inclicatc ltotr, [o solvc lhc srrh problcrrrs /] in step (l) ol'ulgorithnr
(B).

As rvc ntctttiott lrclirrc tlrat irr ordcr to lrc ablc [o solvc a clurc dat.c

irssiqrrrncnt (l)l)n I') t,rlC ' . ,l ,, l\,lo - ictlclt t (G,Q), \\,c r.r.rr,rsr lirrolv

hou, to solvc tlrc corrcsltonclin-u trvo rlaclrinc (l;SSlr)

,rlC ; . d,, lttt - iaulf r., .

i,-l

Notv tve: cotrsirlcr tlris (lfStil') rvitlr oh.jccI to rrirrirlizc thc total

carlitrcss tf f ,) irr uhich lhc.iohs urc inclcpcrrdcnt. 'l'lris trvo nruchinc
I,l

(FSSI'}) ltas not bccrt cottsi.lcrccl b1,ar.'tr,'rcscarchcr as nruch ilS \,vc l<now.

l;ot'tltc llott,shol'r scltcdLrlirrg. thc sLrb problcrl /] to lrc solvcrl irr

stcp (l) ol'aleorithrn (l]) is thc llou,slrop /', ltln_ iArulfC," prohlul
rl

rvitlr lV -t\J,) .iobs. u,hcrc.iob J, satislics Irq.(a). lt shoulcl lrc notcd that

tto nccd [o solt,c cuch sub ptrrblcnr /f . sincc all thc rccltrirccl pcnnrrtatiorr

o,/ ciln [lc obtairrccl liorn ol.rc ol'tlrc thcorcrrrs ('l hcorcnr (l ). l'lrcrlrcnt (2).
'l'hcorcnt (i )) hi' l l)cnnLrtirtion lccorrlirru to Sl) I' rrrlc on thc sccorrcl
nlrr:lrinc l]. 

i,

l.ct l':(/)(l), t)(2),..., l)Ul))trc u pcrrntrtutiorr that rnirrinrir., \(.," orl
il

thc sccotrcl ntachittc l]. u,ltcrc l) carr bc lirr-rntl in O (n lo_q rr) tinrc in Sl'}'l

rulc. i.c. bl,orr.lcrin-u thc.fobs irr non-dccrcasins tlrtler ol'6, . u,hcrc b, is tlrc

ploccssing tinrc ol' .lob i un thc scconcl nrachinc t) l'irc .;obs arc

inclcpcnclcnt attcl orclcrctl in Sl''l' nrlc. hc:rrcc rr, that usccl [o stllvc thc sub
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problclrr P, carr he otrtainctl ll'orn P by rcntol ing thc indcx corrcsponding

to.iob J, this rl'lclns that il' | :7r(k),thcn

or = (/r(l), pQ1....,//(/t - l). 1t(k + l),..., ltltrl)
wlrcrc o can ["rc','iccl irr steP {l)ol'algorithrrr (l}).

7. CONCLI,ISI0N
'l'his papcr rrrltlrcss tltc luo ntacltinc lltxv sltop schcduling ancl SLK

duc datc assigmne rrt problc:rns. u,lrcrc thc ob.icctivc is to nrininrizc tlrc total
earlincss sub.icct [(] no titrclr .iohs altd no-itllc tirrtc.

lrr tlris pi.ll)(r'\\/c l)r'csunt polvt'totttial tirrrc algoritlrnts lilr solving u

S[,K duc datc ussignnrunl alr(l lhc l)ou'shop schcduling problcnrs with
obiectivc to nrirrrnrizc tlrc trrtal carlirtcss. l'ltcsc problcnrs arisc in
productiorr planrrirrq uhich is widcll' applicd by nrany manufacturing
comparrics and rrc dcsign lirst al-uoritltrtts lirr thcir solutions. l-he total
earliness obfect. i'lrich is closclr. rclatccl to thc priority gcnerating function
increasc tltc cxistt'ncc ol' tltcsc llsoritltnts.
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ABSTITACT

Arttttltl ( 1979) clcvclol'rc,tl l ucncral rnctlrocl to analyzc a rcpcatccl
lllcasurcs rnodcl rvhcn tltc covarianoc nratrix has ccrtain pattcnt. In this
papcr a wcal<cr assutt'tptiolt is ttsccl r,vhcn thc covariancc nlittrix is arbitrary
(i.c.. unpattcrnccl). Lct Yp'=(Yn ..... \',.r. y' bc tlrc vcctor ol'obscrvatiorrs on
thc ktl'incliviclual. lt is assunrccl that thc Y1 arc irrclcpcnclcntly normally
clistributccl r,vith ntciitl 7r* ilrld conrlolt arbitrary' oovariarrcc nratrix I >0.

Wc want to tcst hypothcscs atrout 7r, . 
't'wo tcclirriques arc uscd. thc llrst is

bascd on the lnultivariatc onc sanrlrlc rnodcl whcn each indiviclr.ral rcccivcs
tlic santc trcattttcnl.s and ltcltcc has Lhc salnc ltlcart vcctor. 'l-hc scconcl is
bascd ott tltc tnultii,ariutc Iincar n-roclcl whcn clil'l'crcrrt inclivicluals rcccivc
dilferent trcatlttcnts atrcl hencc har''c clillcrcnt ntcan vcctors. lrur cach
tcclrnique a unifbrnrlv nlost por,vcrlr,rl (tJMI'}) invariutt siz.c u tcst is lbuncl.

Kcy words altd llhrases: Multil'ariatc lirrcar ntoclcl. rlultit'ariatc orrc
sanrplc nroclcl. r'cpc:lted n'lcilsLn'cs nrorlcl.
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1JS d:^j Lrrc. ir:lJ LJ,l alJ:rii^ll :rrL 6r3a: .& -.,+ JrYl .;l*1-1 dii-l d"JXl

こも,コ 許 五～
国́1中井 |ゝ・ Jユ」|ム、1^

凸い島甲●ハ」巳いメさ`こ出甲Lれ ミ̂`

. -'Jn" .p tx -i-+ +j,ll ; i

INTRODUCTION

Wc consitlcr a dcsi-s.n ol'cxpcritrcrtts occurs in analysis ol- variancc
(ANOVA) irr r,vhich clclr inclividural rcccivcs scvcral trci.rtnlcnts (or has
scvcral tttcasurcntcrtts. (c.-q.. lrcighl.. rvcight. incornc. ctc.)) unrl hcrrcc Ihc
observations cannot bc assurtrccl indcpcndcnt as thcv arc assumcd in the
usual indcpendenl llleasurcs dcsigns (l-4).[-ct Y1 :(Y1 ...., Y,k)' lre the
veotor of observatiorrs on thc ktl'individr,ral k:1,2,....,n. It is assumcd that
thc Y1 are indcpctttlctttlt,ttornttlly clistributccl rvith tl'tciltl [rp iltl{.l conlll1oll
arbitrary covarianec nratrix \- ,0. Arnold (1979) (5). dcvclopccl a gcncral
tncthod Io atutlyz.c u rc1'lcutr:rl rrrcusrrrcs rnotlcl (lf MM) whcn thc crlvariuncc
matrix I has thc l"xrttcrrr

l=ot,41p1= 6 ,σ
2>ぃ
T:T<ρ
く|

'l'o ljnd optinral (i.c.. uMI'} invariant, uMI, unbiascd. ctc.)
proccdtrrcs ltlr tcstirtq it lar!,c class ol'h1'potlrcscs about tlrc 7r^. Iror llrc
main bocll'ol'this ltapcr'. nc rcplucc thc assurntptiun in (l) rvith thc weakcr
itssuttt;rtiort tlrat )- l-'0 is ut'bitrlrt'y (i.c., urrlxrttcrncd). Wc arc prinrurily
conccrncd in tcstin-u hl,pothcscs about 7r, . 

'l'w'o tcchniclucs arc uscd to do
thc tcstirtg. 'l'hc I'irst is bascrl on tlrc nrurltivariatc onc sanrplc nroclcl
(MOSM). Ibr testirtg that A,rr"=b. r,vhcrc A is an sxr nlatrix ol'rank s. whcn
cach inclividtral rcccit,cs thc sitntc trcatrrrcrrts lncl hcncc has tlrc san'lc rl'rciltl
vector, i."., t,^ = ,, lbr cach k (6-9). 'l'hc scct-lrrd is bascd on testing the
gcncraliz.ccl lincar h1'pothcsis that p A c W, n,hcrc A is a knorvn nratrix ancl
W is a sr'rbspace ol'V in thc nrultivariate linear nrodcl (MLM). l'liis is used
when dil'lcrcnt irrclivicluals rcccivc dill'crcnt Lrcaturcnts arrcl hcncc har,.c
dill'erent ltlcilll \/cctol's. l:or cach ol'thc tu'o tccliniqucs. n,c lincl thc UMp
itrvariarrt sizc a tcst (6-10).
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We call thc ntodel considercd in this worli the gcncralizcd rcpcatcd
rlreasures ntoclel (GI{MM).

l. Notations
lrr this scctiotr wc dclinc tltc notuticlns uscrl irr tlris papcr. l,ct V bc a

subspacc ol'R"', and lct ye R"'.'l'hcn I'}yy is the orthogonal pro.icctiorr ol'y
or1 V, arrd V- is thc ortlrogorral coniplement ol'V. Il'W is a subspacc of V.
lhcn VIW:V n Wr.

'l'hc lilllorvirtg s1-rccial ttrrtriccs arc usccl. I,, is thc n;< rr iclcntily
rtratrix,.l,, is tltc llxlt lllatrix ol' l's

/vl ,'=(lltt)l ,,1',,-.(lin),1 ,, .N,,.= 1,,_ ir,l ,, (2)
artd 1,, is thc n x I rzcctor ol' l's.

lf A and 1-l: (bii) arc nlxp and r"rxq matrices, thcn Lhc Kronccr<er
product ol'.,land/J. writtcn as ,,lt)1J is thc nlrrrpQ rrratrix r'= (Cii). whcrc
C;j: [r;.;A. i:1......11 :.i:1......q. (ll.l2). ,,1' is thc lrausposc ol'.,1 ancl ,,1 

, is
tlte invcrsc ol'A whcn ,,1 is a nonsirrgLrlar squarc rnatrix.

2. Testing hypothcsis about p
We norv cortsiclcr tcsting tr,vo clillcrcnt hypothcses aboul. pt Ior thc

GRMM.

2.1 Testing that Ap,-b.
The lrrst tcsting problem wc consider is testirrg that Ap: b, where A

is s"r matrix ol't'iutl< s. Irclr this problcrrr thc (MOSM) tcchniqurc is uscd in
which wc obscrvc Yr.....Y,, inclc;lcnclcntll, clistributcd r-clintcnsional
randonr vccttlrs sLrch that
Yr-Nr( !,L), -a1tr1{cnn I>0 (3)

'['hc tcst Iorthis problcttt is I.JMI'invariant sizc atcsl lbrtcstilig thal
Ap:b against pt unrcstricted in thc (MOSM) ancl is givcrr in thc lbllowing
lirrnr

(1)― ノ,)′ (′ 1`｀ l.1′ )(1}′
')

グ ノ̀キ >ノギl′ 、

/ ′̀i≦ 氏1′ 、
whcrc Y is n× r matrix whosc rows arc Ykand

ァ=L11/.(′ |)`｀ =)′
′
}′―′7(上 11)′ )′(11,}/)=l′

′
(/″ 一上,ノ

")}′′7                 ′′    ′′          ′′

(4)
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Tlris test is Lrscd tvhctt cach individual rcceivcs thc sanlc treatnlcnts
and hence has thc sallc l.l.lcillr vcctor. Applications ol'this technique are
shorvn bclor.r,.

2.1.1 The l-way ANOVA model
Considcr a ollc-way n NOVA modcl with r trcatntcnt lcvcls in which

cach ol'n incliviclrruls rcccivcs cach trcatnlcnt lcvcl. Lc[ y1 : ( yrk . ... .

Y,.1;' bc tlrc vcctor ol'olrservutions on thc k'l'irrcliviclual k: 1.....n. Thcn thc
ntodcl rvould bc givcn hv
Y1p:d*cr i*Cik, \rt, = 0. Ck: ( Ctk,....erL )' - Nr(0.I ), I >0 (6)

and thc c1 {.ll'c intlcpcntlcnt. (Notc lhat wc havc rcplaccd thc assunrption ol'
cx.l ol'(.5). i.c. c' N,.(0. r ;. rvhcrc r ., rn ( 7r ) und A( p) hus the pattcrn
given in (l). witlr a wcakcr assunrption that I is unpattcrnccl.). Wc r.vant to
tcst [ha[ rr, -' 0. l.ct

trt= E(l',.1=(0+a,.....()+tr,\'=()1, +q. k --1.....rr (7)
wherc u:( dr;.... (r,)' I 1,..'l'hc. Yr- N,.(7,.I ) indcpcndc't. Lct

A:(1.-ri-1,-r) (g)
Then

Ap :(lr-r : -lr-r) /l : (a, - (r,, dz-e,, ...t G,_t -a,),
l'hcrcfbrc. tlrc rzi:0 il'and only il'A7r :0. Ilcncc. according to (4).

the UMI'} invariarrt sizc utcst [hat thc a;: 0 rbr thc I-way ANovA prodcl
with unpattrented covariancc nratrix r >0 and n=n, s:r- I and A as detrned
in (8) is

,t-r+l -F,= " (..1),),(,1.s,.1,)r(..1r)' (, - l)(r- l)
I t it t:, '> l),:'| ,, , .1q)(/.1) =.{ ,'. . ,.'.,,'" 

"' (9)
[0 t/ 1,, a lri',,,, ,.,

Wc note that this tcst is clill'erent lionr thc test that rvas derived fbr
the I-wa1'ANovA nroclcl (cx.I)ol'thc ItMM ol'(5). wc also nore lhar wc
need to assul"nc tltttt n>r>l to clo the tcst in this work. Whcrcas. it is onl1,
necessarv to assurnrc that n>l {o do thc test sug_rcstcd in (5).

2.1.2 Thc 2-rvay ANovA r,odcl with inte raction
As a sccond application <ll'thc lirst tcclrnicluc. wc consiclcr a 2-way

ANOVA ttltldcl r,r ith intcraction rvith r rows and t columns in which each
ol'n indivicluals rcccivcs cvcrl' pail of trcatnrcnts lcv.cls. I_ct
Yr:(Yrrr,..., Yrrk ..... Y,"k)' bc thc vcctorol. obscn,al.ions on thc k,r'
individual, k: I ..... n. l-lrcn thc nroclcl is eivclr bv
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Y‖k=θ +α i+β i+/ii+Cilk・

Σ αi=0,Σβ′=03Σ /″ =0=Σ /″

Ck=(CHk,… 。,Crlk,… 。,Crck)'～Nrc(0,Σ )、 Σ>0

and thc ck arc indcpcndent.Lct

,,()1,, + rrEl, tl,@[]+y

/11

夕/ュ |

/31

/12

/34

where a:( d lt....d r)' I 1". β=(β l,… .,β c)′ 上|(,

of thc matrix lro lc and cvcwy:( yu,..., T r.t,...r/ rr)' L evcry/ colLlllln
colullln ol'thc nlatrix lrΘ  lc.

(i)TeSting that α i=0.lν ct

Al=(Ir_|:-lr_:)Θ I:,                       (12)
and usillg thc ortllogonality o「 / vttth cvcn/colunln ol｀ thc 11latl・ ix I!(D lc,

thcn

Alμ =[(Ir_|:‐ lr_l)Θ 11]μ =(α ド αぃα2¨ αr,・・・,α「_|… αr)′
For iHustration、 takc l‐ =3 and c=4,tllcn
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-ilrerefbrc, tltc ai:0 il-and only ilArp :0. I-lcncc, according to (4)

the UMP invariant size a tcst that the a r: 0 fbr the 2-rvay ANOVA modcl

with urrpattrctttccl covariancc tttatrixl>0 and 11:11. s:r-l arld A1 as dctlncd
in (12) is

(n-r+l)
1.., _ ___:__---_____:_ ( .,1, )- ),(,4 |,1,, ; )' (,..1, i, )' (,'-l)(zr-l)

I t it t', , t,,",,, ,.,,q,1r' I = 
{o 

',, 
t.., < t;,:, t,, , ., 

( 14)

(ii) Testing that []i:0.In a sinrilar way to (i) above with ,{2:li @(1"-1 : -1"-

1) the UMP invariunt si'zc u tcst that thc p.;:0 is

ら=詰 酬 4田 4乃

qり =‖ ′た載II
o dill'crcnt ways

(15)
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右
100000000-1 0 0

010000000 0-1 0
001000000 0 0-|

000100000-1 0 0
000010000 0-1 0
000001000 0 0-l
000000100-1 0 0
000000010 0-1 0

00000000 1 o O― l

(17)

IIcncc,LISing(13)and(17).thcn

/31μ =(/11-/14イ
|ュ
ー/1:・・…/ミ、一/31)

Thcrclbrc,thc/″ =Oi「 and only il｀ A31/′ =0・ 1lCncc according to(4)、

thc UMPi:lvariant sizc r/tcst thtlt thc/″ =0 1brthc 2-way ANOVA nlodcI
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u,ith unparttrcnted
dcfincd in (16) is

Vol.16,No。 4,2005

coval・ iancc lllati・ i、  Σ>O and n=n, S=r(C― l)and A31 as

型
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(18)

(19)

(20)

(21)

0   0

0   0

0   0

0   0

0   0

0   0

0 -|

| 一|

I'lencc, using ( l3) ancl (20), thcn

Aizlt =(/,, - Yr,./:r - /:r."',/t.t - /r',)
l-hcrefore ,Ll1c y,,:0 il'ancl only il'Arz p:0.llcnce accordin-u to (4).

the UMP invariant si'ze a test that thc y,,:0lbr thc Z-way ANOVA nrodcl

with urrpattrentcd covariancc lnatrix I>0 ancl n:n. s:(r-l)c and Arz os

dcllnccl in (19) is

42二出:群れイ掟「HⅢツも)|口 3,/)

… :チ た:糊‖|
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2.2 Testirtg that 1t A eW. V
In this scction. wc Llsc the (MLM) tcchnique to makc hypothcsis

testing about p.l.ct 7r hc iln nxr matrix. arrd lct v bc a p-dimensional
subspace of R". wc sat' that 7r e V il'the colunrns of p arc in v. Let y be
an nxr rarrdom nratri,r suclr thal

[ 
,1',] 

[,,i I
l'= | , l. ,,=l i l. )^' - ()',,. ..1;^ ). tt,,= (/t,^.....t1)

I ,; I 1,,',1
'l'hc (Ml.M) is thc rrrodcl irr rrlrich wc olrscr.vc

Y～ Nn.「 (メイ、I、 Σ).μ こV、 Σ:・ () (22)

l'hcrr. thc Y1 arc inclcpcnclcnt ancl y1 ^-Nr(/r^,I). ln thc abovc
fbnnulation ol'thc lincar ntoclcl. thcrclbrc, thc indepcndent rcplication is
represented by thc rovvs ot'thc Y ntatrix.

We now cortsidcr the problcnr of tcstirlg thc null hl,pothcsis that p e W
against lhc altcrnaLivc lhat 7u ,. V. wherc W is a k-dimcnsional subspacc ol'
V. wc assLultc tlrut n-p::r..so tlrat I is positivc dcllrritc. I_ct

S2=/1・
llr y, s3=/1:}'=(″ ―′)Σ, δニメ′

′
pvlwμ

(Note that 52. Sr arldr) arc all rxr nratriccs.). Let b: min{p-k,r}. A
maximal invariant lbr thc tcstirrs problcnr 7r e w against 7, . v'is the set
ol'ttottzcrtl roots I r .: . .. ]- tr, ol'

l,t's, rl- r..l'.!,,.i1 = 1)

Whcn b:1. i.c., lhc cusc irr rvhich thcrc
this casc

, _ llr,,,, 
,ll' tt - ,

'' =ffi -;/' .-1"''""

p― k=d inl(VIW)alld n_p=dinl(V上 )and thc UMP invariant
SiZC

Φ
(′ ll

liDur

t.iMl' irrvariarrt Lcst. I lou cr cr. tlrc

(247

is onll,onc notlzcro root ts. lrr

(23)

(25)
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s,, = fi(r + r,; =

7r=lrrtru=

Φ′(え′)

1,4 
'.!.1|

Vol. 16, No. .1,2005

(27)
／

√

１

　

０

ｒ

ｉ

く

―

に

〓

I a - = tr( A',\".'l)( A'S.A + A"\.A) t

al+t -

tr,) c','

tr, <"i

Whcrc cj' is thc Llppcr a point ol'distribution o1' 1i. All thc lburtcsts
arc invariatrt. utrlriascd ll3l. ll4l. ll-5larrcl adnrissiblc [6].'l'hcsc tcsts arc
used whcn difltrcnt individuals rcceivc difl'ercnt treatnlcnts ancl hcncc have
clillcrcrrt l.l'lcatl vcctors. Applioation ol'lhis tcchnicluc is shown bclow.

2.2.1The 2-way ANOVA model with interaction
Consider now il 2-,uviry ANOVA nrodcl with r rows and c colunrns in

which cach inclividual rcccivcs caclr row trcatrtrcnt but onlv onc coluntrr
treatlllcltt (this coLrlcl ()ccLrrc. lur cxanrl-llc. il'colunlns rcprcscntccl racc. scx.
degrccs ol'illncss. ctc.). Wc assLrrlrc that thcrc urc n individurals who rcccivc
each colunrn trcatnrenl.. Le t Y1l: ( Y r.ir,,. . .,Y,:ik )' bc thc vector ot'
observatiolls on the K'l' pcrson who rcceivcs the .itl' column treatrncnt.

.i:1,...,c. k:l,...,n.The nrodel woultl thcn be

Yi.ir : 0*ui* lJ.i+yi.i*ciir, \x :0.

C.,p: ( c t;r,. . .,cr.ik )' - N, (0, I )

and the c11 Brc indcpcnclcnt. Now, lct

L [].i:0, Ll,,:o:Ly,, .

(28)

Y_ . P -- Li(l')

Y,

l'hen Y..-N,,.,( p,l,L ). l-et V bc thc c-clintcnsiorral sutrspacc ol- [{'"
consisting ol'vcctttrs rvhosc llrst n corlrponcnts arc thc sanrc. wlrosc ltcxt n

colllpoltctlts arc tltc sanrc" ctc. 
.l'ltcrr 

Lhc only rcstriction on 4 is thaL 4 e V.
so that this modcl is(MI-M).

(i) Testing that /;:0.
Wc llrst consiclcr tcstirrg thc hvpothesis that p;:0. thcn

r03

. tr, =f ,, = tr(A's,A)(tl's:l)-' ,
lA's./ + A',s,/l
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/,t.1', * ,'(tl + 1t,.....0 + /1, I .- t'01 + r[)

wlrere /J: \ /)r..... ll,)'-l- 1.. Norv, lc[ W1 bc thc l-dimcnsioltal subspacc

of V consistin-e ol'r,cctors all ol'rvhosc clcnrcnts arc thc sanlc. Thcn

0.i: 0. if and onlf il' pl', e tl',
'l'hercfore, this hypothcsis is in thc lbrm ol' thc gencralizcd

ntultivariatc lincar hl,pothcsis. Also s:l lbr this rnodcl so that thcrc is a
UMI'} invariatrt siz.c ,r tcst lilr this rttoclcl. Lct

S: = )"/1 ,,, )' = I l( )', - )' )1)', )' )'t (29)

Sr = )"/l ,Y =ff rr(), - ); X);, ); )'
r.I t-l

l'hen accorcling to (24)a rrtaxintal ittvariant lbr this modcl is
l' ,\'. Il:r

l' .s- lr\t

Sincc dim(VlWr): c-1. clirtrVr : cn-c = c(tr-l), thc
size a test is givcn by

i, t t, t'- | 
'''r

@1r;=l 
"(" 

l)/' r't, r)

- \'/ 
lo t r, ' L1- 1"".
|. 

'c'(n- lr'r'r''lrrr'l)

(30)

lJMP invariant

(31)

(ii) Testing that a ;: 0. Non,. considcr tcsting that a, : 0. Lct X be a basis

rnatrix lbr thc spacc ortho-uonal to 1,.. 
'fhcn

lo, 
* r,1.....d, , ,,, 

Ila.+v..-"'.c( +v,l
rrX=l ' 't- ' "- I-\''l:l

t'
lu, * y,, .- .. .tr ,. . / ,. I,

Lct W2 bc thc (c-l)-tlinrensional subs;race consisting of vcctors
whose conlponcnts sunr to 0. 

-l'lrcn

a :0 if and only il' pY el,l,',

So that this hl,pothcsis is also in thc flonn of the generalized
multivariatc linear hypothcsis. ln this case. p-k:1. so that thcrc is a_uain a

UMP sizc a F-tcst tbr this hypothesis. A nraxirnal invariant fbr this
problenr is the orlc rlonzcro root ol-

lx'Y'P,.,,,.r',\' - r)",t,.t'l = o

which is

I = l',,,lif(.\'1S.,\') ' .Y'1"1,,, lc'tt

(32)

(33)
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l'o show that t ol' (33) irr thc nonzero
orthogorral basis nrertrix lbr V/W2. 'l'hcn

P, u.. -- ZZ' . Z = ]:1.,,Vt'ri
'fhcn

0 = lx'y'tr" \\.1;\'- r.\'1s,.\'l =lx'y'tz.'yX - tX'S.,.\'l

=lz'1,ris.-\')|u ,tl
llcnce. the norrzcro root ol'(34) is

t tt(.\'iS.,.\';'il'
= Z')'X(Xi\1X)-t 

^"y'Z
= ll,, ),.Y(x1! 1x)-t ;'')"1,,, I cn

'['hcrclorc. lhc IJMl) irrvariant siz.c rr lcst

I' it / \ -ll .r t,;',,,,,

lo I t s-:- t-_ 
t",',,,,,

t c'(rr - l) -- r' 
' ' Lr// rr /

V()l.16,No。 4,2005

root of(32)。 Lct Z be thc

(34)

=IH′ H― tX℃ 3´司3〃 =Z′麻

(35)

lirr this nrorlcl is eivcrr by

(36)

(iii) Tcstirrg that y,,: 0. Finall1,. n'c consiclcr tcsting that /,,: 0.1-ct W1 bc

clcllncd ls in (i). 'l'hcn

/i1:0 il'ancl olrlvil' t,X,,W1
'l'hcrclblc. this lrypothcsis is also a gcnoraliz.ccl ntr-rltivariatc lincar

hypothcsis. Iror this problcm b: ntin Ic-I.r-I) > I. so that lhcrc is no UMl'
invariant size u tcst. A nraxinral invariant is thc sct ol'nonzero roots ol'

lx ls,.r - /x let -Y | = o

whcrc 52 ancl Sr i.lrc dcllnecl in (29). Ancl arry or-rc cll'thc lirur tests <lri.

i:1 .2.3.4 of (21) can bc r-rsccl lirr th is lr1'ltothcsis.

CONCLUSIONS

l. Wc note that thc tcsL givcn in (9) is dillcrcnt liom thc tcst that r,vas

dcrivcd lbr thc (lf MM) ol'(5 ) Iirr tcsLing that lhc u i: 0.

2. Wc notc also lhat u,c nccd [o assunre thaL n>r to do thc tcst in
section 2.2.1. rvhcrcas it is only'ncccssar)'ttl assr-rnrc lhal n-,1 to tlo thc
tcst suggcstccl in (5).

3. Thc (MOSM) tcchrriqLrc prcscntcd in scction 2.2.1 can bc applicd
to analyzc any gcrlcralizcd (l{MM) in r.vltich cvcry individual gcts thc
selnrc trcatmcnts as long as thc nr(:an vcctor 1r is urtrcstrictccl r-rnclcr thc
altcrrrativc hypothcs is.
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4. It appcars that thc ntaxintal invariants lbr thc last two tcstillg
problen'rs of scction 3.2.1 could depend on the choice ol' thc basis
matrix, in fact thcy clo not. ln particular, it is not ncccssary to chose an
orthonorntal basis ntatrix as it is shown bclorv.

II'X and X* arc busis nratriccs lbr a subspacc V. thcn tlrcrc cxists an
invcrtiblc matrix IJ such that
X*=XB (37)

'l-hc ntaxintal invariant lirr tcsting u,--0 in thc (CI{MM) is givcn in
(36). and X is thc brsis ntatrix lirr thc spacc ortlrogontl to 1,.. Supposc. wc
usc X* as u basis ntaLrix lor tlrc spacc orthogonul to 1,.. 

'l'hcn thc maxinrul
invarlallt is

′*=llメ 1ヽ *́(Y*′ S,I*)ヽ′*')'lノ て′′′

thcn usin3(37)in(38).wc sCt

r十 =||″′IX3(β

'′

ド
=Aり
)lθ ちヽ
′
}′ |`"/`″′

=ll″,}■03 (´ Y:マャY)|″
′|″
しヽ
′′
)・

′
l、″/`.′″

=ll“ }1ヽ
′
(■
・ゝ
ぅ■
′
)|ヽ
′
り'|て
"/(′
″

=1

Now, lbr tcsting Jlal ″
・
 =0,thc

(38)

maxintal invariant is thc sct ol'
nonzcro roots ol'

lxit,x -/.yltt.yi= o

Whcn we usc X*. rvc gct

fx*'.srxr-/* 1'*'.t..Y*l =0 <+ lr'xlt.,\'B -r* lJ')'S..yBl=0
<+ lr'l lxs,x -/-.y:t.l'llrl= o e l.vts,.v -1*x:r..\'l=0

and A>0 and lttl + O .

llcncc, thcy havc thc satllc set ol norrzcro roots. That is. thc tcsts do
,rot dcpcn(l on u'hich basis is choscn.

5. liol tcstirrs that rr, 0 lirr thc 2-rvir1, n NOVA nrodcl ol' scction
3.2.1, u,c note that. il' r',c assurlc that tlris nt()dcl trcatcd as ordinary
lincar nrodcl (OI-M) or as (l{MM) ol-(5) or as (CItMM) ol'rhc prcscnr
work. u'c ntttc tlrat thc thrcc Ir statistics at.c IJMp invariant sizc a tcst.
lhc nurrrcrrl.or rlcgrccs ol' liccrlonr lirr all is thc santc anr.l cqr.ral to r- l.
but thc dcuontinator tlcu.rccs ol' Iicctkrnr urc rc(n-l). c(r. lXn-l) and
lc(n-l)-rl. t'csPccti\clr. \\'c lt()lc lhlt lltc tlron itr tlcgr.ccs ol'licctftrrrr
Iiom Ol-M to t{MM is uruclr snrallcr than thc tlrop lionr I{MM tt:
GRMM. This t'act indicatcs rhat il'thc OI-M is truc and wc analy,zc rhc
data using thc RIr4M. rvc losc a modcratc antount of power. l-lowcver. if
the RMM is truc, and uc anall'ze the data using thc GRMM wc losc
considcrably ulorc l)o\\ cr.
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6. For testing that p;:0 lbr the 2-way ANOVA model of section

3.2.1. wc notc that the drop in clcgrccs ol'll'ccdorn flronr thc Ot-M to thc
' RMM is much grcatcr than it is lbr thc GI{MM [rc(n-l) to c(n-l)], but

there is no drop at all fiom the RMM to thc GI{MM.
7. Thc test that p.;:0 lbr thc GRMM treated in scction 3.2.1 is thc

same as the lest lbr the I{MM dcrivcd in (5). which can be shown
below. In fact. wc have to sltow that thc t ol(30) is thc sanrc as thc tcst

Irr, - l- )'
corrst.rrt 

ri,)',* ):, )'
t=l A ''l

<ll'Arnolcl (1979). Wc vvilloutlirrc thc prool. Wc li,lrur.r,that
.-:- - -

S, = nL()', )' X)', - r )'
l=l

s. = If t),,, -Y,){Y,^ -r,y , y,A =(y,,1,...,1,rt)'
r'=l t=l

Now,
l' ,^ 

* )'' , "- () ',, l't, .....Y,,r, l',, I
I-.lcncc.

lv -v I
' " l'l7l 'tr 

I

.t.. =IIl , ltrl ,^ _ 1,,.....t',,t -1,)' =II(),r - y,,l()',,,^ -r',,)',
r-r r.r I v _v | , I

l_tut-try )
0l

and l;.1,1,. =,.tII(i',* - )'', )' Similarly. l;,t. t, =. ,.'I()', '. )' )'
1 I t-l

ItP, - t' )'
I-r -E:tr;=;r

th

and the constant is I and

- r'(rr - l)t - ' t - l;
c._I 

( r.(r,/ rr

I-lcnce, thc tcst is thc saltlc in both casc.
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The Polar 'oBlowing Up'o of Quadratic

Vector Fields

Abbas l.'adhel Abbas AL-Shimmary
Lectu rer, Electric Engineering Departnrent, College of Engineering,

A L-M ustansi riya U niversity

ABSTRACT
-l'ltc nrairt aint ol'this papcr is to classily thc singularitics ol'cluadratic
vector liclds (i.e. thosc singularities which occur in 2 paramcter farnilies o1'

zero lincar part vector ticlds) into two kinds dcpending on its quadratic
part. The next thing to be dorrc is to study and givcs the polar blowirrg up of
the first kirrd.
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INTRODUC]TION

In (l) F. Dumurtier studv thc sirrgularity ol'vecLor llclds using polar
blowing up ancl succcssivc blowing urp rncthods l'-.'fakcrrs gives in (2) thc
[rltlwing up cotrstruction artcl consirlcr Ihc kind ol'sirrgularitics can occur ol'
tvt'tl sLtcccccling poirtts. lrr (3) ll. Molrcnrnrcd givcs conclitions lix'solltc
vcctor liclds to bc vvith scclucnL iorral dircction. In this papcr. rvc classily
thc clttaclratic vcctor liclcls irrLo two kincls ancl givcs thc polar blowing r.rp ol'
its llrst kind.
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The Polar "Blowing Up" Abbas ['. A. ALShimmary

l. Preliminaries

Definition (1.1) (2): Let X bc a C--vector lrcld on rhe plane R,, with
X(0)=0. We say that X has a singularity at 0. II'the eigenvalues of the
matrix associated with the linear part of X at 0 are all with nonzcro real part
then this singularity is callcd a hyperbolic singulority. orhenvise it is called
an ell iptic sing ul ority.

Definition (1.2) (2): Lct X. Y bc two vector llclds on llr with X (0) : y
(0) : 0. Wc say that X and Y arc gcrnr-cqu iva lcnt in 0. lf'thcy coincidc on
some ncighborhood ol'0. 'l-hc cquivalencc class lbr this cquivalence
rclation arc callcd G(,/rrr.r' \/cctor llclds in 0. and dcnotcd by C r.

Definition (1.3) (2): Lct X, Y e G', thcn X and Y arc k-jct cquivulent il'
all partial derivativcs up to. and including thc order k of thc conrponent
functions ol X in 0 coincidc rvil.h thosc ol'Y. T'hc cquivalencc classcs arc
called k7els: the k-.jct ol'a C"-vcctor llcld X in 0 bcing denorcd by J,(X)
(0).

Definition (l.a)(2): Lct X^ dcnotc thc vccror licld whosc componenr
functions are homogencous polynomials of dcgrcc k and which has in 0 thc

same k-.jet as X. Lcr X=I x,9 . fiX,= 0. X,+ 0. rhen rvc call X a

quadratic vcctor ficlds
We classily it into two kinds dcpcnding on its 2-.jct. thc llrsr kind is thc
quadratic vcctor liclds which is onc ol' thc colrlponents is zcro, and tlrc
second kind is the vector flelds ol nonzcro componcnts. Thc 2-.jct ol'thc
Ilrst kind concerning thc Ibllowing sensc:

(a x':+ b xy +c )/r.0).
(0.a xr+Px1' 'r ) y').

wc can omit thc x), tcrnt to lrcctlnrc as:
(p*'+qy'.0).

whcrc p and q are the cigcnvalucs olthe matrix [1 - 
h/2)

(b/2 " )
(0, rxr +5Y'i.

where r and s are thc cigcnvalucs of thc matrix l: l"l\0r: )\ )
The formulas (p x' r'q y'.0) and (0, r xr+ 5 y,) is algcbraically
equivalence by reflcx about thc line y: x, so we will study only thc
tbrmula (p x' +q 1,: . 0) antl classily into thc lirllowing possiblc scnsc:

1.
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1 . The jet (p x' , 0), whcrc p + 0.
2. Thejet (q y' , 0), where q * 0.
3. Thc.iet (p x'+ q y' .0). wherc p * 0 and q * 0.

2. Normal fornrs of quadr':rtic vector fields

Let X bc a C" -vctttor ficlcl on I{" with X(0):0,it is possiblc to brin-e thc L-
.ict ol'X irr a sirrrplc lbrnr by nlcans ol'a C-.'"-chalrgc ol-coorclirratcs. l,et X,
be the vcctor llelcl. lvltose conlponurt lirnctions are lincar" arrd such that
.lr(Xr)(0) .l ,(X) (0). l.c[ Il"tlcttotc tltc vcctor sl)acc ol'thc vcctur llclcls
on R" givcrr by l-ronrogencous polynonrials ol'clegrce h.
Let [X r .-++ I lt I-1" lrc tlrc lincar nrap whiclr assigns to cach Ye l[',
thc Lic procluct lX,.Yl r,r,hcrc

Il.X:irgarrcl y:iu1
A 'rJ\, a 'rlr,

fhen lX.Yl:ItIt{,x, {}'1', a

, ,,tf 
tar,-^, ;..,-',";o

Considcr thc splitting Il'=. lJ'' o (j", whcrc l]": tnr (1X,.--lr) ancl G,,is
sorme cornplcnrcnl.ary spacc.

Taken's nornral fornr theorent (2):
Let X. X,, B"and G" bc as abovc, thcrr lbr i<k<o. thcre is a C,-
diffeomorphisnr rf :( It", 0)-+(R". 0) such lhat a'= $*(X) is o{'tlrc lbrrrt

J': X,tg,* Br*... +g,+lt, whel'c g,€G'. i:1.2,...,1 and .1,(R,)(0):0,
X'is called thc normal fornt ol'thc vector lLeld X.
In (5) P. I'lartman gives thc norrrral lbrms ol'vector fields with hypcrbolic
singr-rlarities, []. 'l'altcns consiclcr clrrc class ol'clliptic casc ancl givcs thc

normal lbrm in (2) o1'thc singulariry' x I ,n (6) R. shal<ory gavc rhc'0r
nornral (brrtts ol' all possible classcs ol' vector flelds on thc plane with
elliptic singularity. Irr (3) thc nornral lirrrns ol'quadratic vector flclds r.ryas

givcn [ry' thc lirllor,r,itrg Lhcorcnr:

Theorcnr (3.1) (l):
I1'2-.iet ol'thc vcctor llelds X dcllnc on tlrc planc by
1. (p x' , 0). whcre p * 0.
2. (q y'. 0),where q * 0.
3.(p x'+ q y' .0).rvhcre p * 0 arrd c1

'fhcn tlrcrc is a C''- translonlatiorr ol'
givcn by:

*0.
coordirratcs in which the l-.ict ol'X
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ぃ21堪ば声、い1‐ポ暉ウ
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3. The (blowing up) construction for vcctor liclds

I'>roposition (4.I ) (2):

LetXbcaC'-vectol'fieldon R2 ,withX(0):0 lct g :S', R -->

be the nrap dcfining polar coordirtatcs, whcrc S': {(x . }'): x' +yt : 1'

r is thc corlrclirtutcs litttction t)n I{.'l'hcrr tltcrc is a C" - r,cctor llcld i
S'xR such tlrat irr cach q e S',, ll. ,l,.(\(q)) = X(Orq)t (or 0.tir = x).
Nou'wc cxplairr ul'rovc lry tlrc lirllowing cxanrplc:

Let X: (X' , X'): R2 - l{2 lrc a C-- vector lleld with X (0): 0.

Let 0 : S'x I{ + [(2 ,0 = (0,,0r) bc a nrap whcrc

o(α ,r)=(rcos α,r sinα ),then there is文 =
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i'-, ,, -x.( r.-r ) .

And a ntap 0 : S'x Il -+ ll2 suclr tlrat (r-(i)., X

Now wc delrnc x= (lltk ) i .,,,vhcrc li is thc largcst rlurnbcr such that
X1 *0 , x Is callcd thc" polttr blowing up "of lhe vector,fietct x, the
blowing up mcthod r-rsccl quitc olicn in studying singularitics ol' vcctor
I rclds.
Let X bc a vcctor llcld on Itr r,r,lrich is at lcast 1'k 

r 2 and such that thc lt -_.ict
ol'X il1 tt.:t(l is zcr.o( i.c..lr(X)(0) 0 ).Wccolrsirlcrthc lirllowinu two
Iurtctiorrs:-
I':<X',(-y,x)> ..g:< x'.(x,y)>.'l'hcn
X gctstlrclbrnr: x - l/rk x

= I / r'k' t l'(,'Lr.s((. r.sirrrr ) -.1', I / rr,, g( rc()s(r. rr,rr,. ) -la,- - or
bccausc l'.g arc in gcncral position .\ lsr r I r) | is a Morsc -, Snralc systcrrr
and also . In each point (ct,, .O)eSl x [0f whcrc x1 is zero, x fuas a
hypcrbol ic singularity.

4. Thc nrain results

Theorcnr (5.1):
LctXbcaC''-_vcctor
lbllowin_u lbrrns:

llclcl orr l{r. rvitlr X1 .. 0 such lhat it's 2- .ict as tlrc

(i) (p.\l ,0) ,p+o
(ii )(qy2,0) .ql0
(iii )(px2+ qy2 .0).p10 .ct

Thcn tltcrc is a map 0 ,S' x R->
l0
R 

2 
surch that x has the Ibllowing

forms:
,0

Ot'

.) A

(iii) X : t' ( pcos r 
u +,1 c,,s l,r ri,,,r1-i -( pcosl o sirr<r r.r; sinr,r ) 

j
r.'l' r1r

Proof's of thc rcsults
Case (i):
I.ct X bc a Cr - vcctor llclcl on ltr.
p*0
Consiclcr tlrc lilIIolv irr_u caIcuIatitxr:

、、ith X!=o and x2二 j2(X)=(p X2,0).

.0
cos - C[-

0u
a. I ()

q Slll- Ct 
-oa

l13
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£:(α,r)=1/rk+2<x2,(~y,X)>(α .→
=1/r3<(px2.。 ),(‐ y,x)>(α .r)
=1/r3(― p rS Sin α cos2 α)

£2(α,r)=1/rk+: <X2・ (｀ yヽ)>(α .r)
=1/r2<(px2.0).(ヽ、y)>((1.r)
=1/r2(p ri COS3 α)

So thc polar blo、 vil18 11p ol｀ X is

T=£ :(α ,→千 十二2(α・→f
ヌ(α,り =‐ pJnu co、 lu‐士+p rCOr u上∂r
Tllc sil13ularitics on S:× 1()l arC CXactly thc points whcrc£ |(α,0)=0
-p● nα co、

2α
=0.ヽ Vllcrc p′ (1{{).0).{%1))。 (・ ,0),…

絆 長里 ic3_vcd劇」 dd m Rヽ 面山 X:=O md x2=Lα )="y230｀
q≠ 0。 COnsidcr t1lc ib‖ owing calculation

£|(α,r)=1/rk・
2<x2・

(~)..X)>(((、「)
=1/r3<(qy2,0),(―

)′
、X)>((κ .「 )

=1/r3(_q r3 sil13 α)

£2(α,r)=1/rk+1く X2,(X,y)・ ぃ.r)
=1/r2く (q)'2,0),(ヽ ,y)>に、り
=1/r2(ql・

3 sil1 2 cx cos 
α)

So that polar blo、 ving up o「 X is

X=£ !(α,r)■ +£2(α、→千
三‐q蒟13α■+qr輛

2α
c∝ α■

With singularitics(o.0).{■ .0).(2■ .0).¨ .

ri¶ cヽ3_vcdor ndd ul R2,wml X:=o
and X2=J2(X)=(pヽ

2+q)′ 1,0),p≠
0,q≠ o

Considcr tllc ibHowil13 calculation

£:(α,r)=1/rk+2<x2・ (‐ )・ )ヽ>((1_r)

=1/r3<(1)、2+tl y2,0),(‐ y,x)>((1.r,

=1/r3<(_pl・
3 COS3 u Sil]α ―q ri sin3 α)

=1/r3(_p cOS3 α Sin α―q r3 sin3 α)

£2(α,r)=1/rk+!<X2・ (X・ y)>((1.r)

=1/r2<(p x21-q y2.0),(X、 y)>(α .r)

=1/r2く (1)ri COS3 α+q r3 cos2 α sin α)
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So that polar blowirrg up ol'X is

x:fr to.r) ;1 +[:(a.t) -;j

I * l. (p cos't o *q .,,st tr sin a) j

CONCLUSION

F. Duttturticr stucly thc singtrlarity ol'vcctur llclcls ursing polar blowing up
Ittcthod; l;.'l'itli,cn's givcs tltc ['rlovvins Lrp ctlrrstructiorr altd cor.rsiclcr thc kincl
ol' singularitics ciln ocoLrr ol' Lr,vo succcccling poirrts. Il. Mohcmnred givcs
conditions lbr sontc vcctor l'iekls to bc with scclurcnt ional dircction. Irr tlris
papcr. r,vc classil\'thc clr,raclratic vcctor ticlds into Lwo kinds dcpcrrdirrg on
tltc trolt zcro cluaclratic part. and givcs thc lrlo'uving Llp ol'its lrrst kind.
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Implementation of Wavelct Based Steganography

Saad M. Khalifa U. O. T
Ass. Prof. Lecturer in AL Rashccd College
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ABSTRACT

Wavclct translirrnrs arc rclativcly ncw conccpt. 'l'lrcrc is a pr.rsh

toward the usc of wavclcts in signal proccssing. und anall'sis in placc of'(or
in addition to).

Thc Discrctc Cosinc 'l'ranslbrm (DC-l-), rvhich is uscd in thc JPDC
standard lbr inragc cornprcssitrn. Rcccntlv, many algorithms lrave bccn
proposcd to usc wavclcts lbr inragc courprcssion such as JPIIG 2000.'l'hc
techniqucs that arc currentl)' bcing uscd in working rvith image can bc
generalized lbr usc rvith rravclct transIornrs. 'l'hcrc arc nul-ncrous
applications fbr wavclcts. and thc uscs ol'wavclcts in signal processing
seeln to endlcss. 1'his papcl u,ill discuss wavclct - bascd tcchniqucs lbr
steganography in pgm (portablc gray map) Iilcs.

Stcganography csscnti.llly nlcans "covcrcd writing". In
implcmcnting steganography, r.r,ant the data to hiddcn in the imagc so that
thc visual qualitl' ol'thc inragc is not pcrccptivcl)' affcctcd. Bccausc thc
emphasis is on "sccuritl by obscurity", we can makc the simplilying
assumption that thc inragc is not going to proccsscd. Thus thc mcthod lur
hiding data in thc images docs not necd to be robust. The algorithms
proposc involvc a simplc rvavelct translbnn callcd thc Hcar translbrm. In
this paper bcgin with a gcncral overvicw of thc various Llaar translorms
used in the proposal.

e,alitl

"---s 
itrtr J,+ L6jE+n r+r L+; e3;:Jt ,oUJt ..,1- (wavclet) 4lJ j., J+'-l

i-+.j_,| r .:lll .rL JE"S I "?-i-rl , r--ll i-J. t-- Jt+- ..'sr rr.s_ll iJUYI iJl.- Jri
.(JI't-.C 2000)

6LiL$ el--iil JL..-- oj (wavclet) i-lrrsi el 
\r'. ...1 aj .', -lll l:* 

',i
.rs Haar .rcs.e (wavclct) Jl .:\r.3 gt.r,i .e:-) rls:-L.dliJ (Stceanography)

ど
3リメ |｀ ‐ ,ま りlШ ●Ⅲ り戸 ´ l● J戸 `し・

S`｀夕』メ リLl)● LIJI・甲
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.i JIS ,i-lE-ll o\J !.,6-o iJl* J Jn.tt -,rr, ...,UiJl "\l +JlJl A+i"yl .,J. +Si:fr

.lluar +i.1,'.1 ; d.I:i- ilri J ,_! ,.l;ll

INTRODUCTION TO HAAR TRANSFOIIMS

The [-laar trattslbntt is onc ol'thc sinrplcst trarrslornrs in wilvclct
mathcmatics. 'fhc llaar tratrslorrr uses squarc pulses to approxintate thc
original lirnction. 'l'he bascs lunctions lbr Hcar wavelots a[ somc lcvel all
look likc a unite ptrlsc shilied alorrg thc x - axis. Thc hascs ltrnctions arc
callcd scalcs irt wavclct terntinology to gct lionr thc lower resolution spacc
back to thc highcl'rcsolution spircc. Irve can use I wavclcts. orthc lunctiorrs
thatt spatr thc sp:.rcc thal corttains thc inlbrnratir)lt wc havc clisc4rclccl irr
Itrtlvitrg lioltl ttttc rcsolutiort to anoLlrcr'.'l'hc wavclct can bc cxprcssccl as a
linear combinatiott rcsolution spacc. whioh is sparrned by thosc bases
Itnctions. Whilc tlris dcllnition is actually prctty simplc in ternrs ol'thc
abstract ccluations that cotttc about wherr studl,in-u wavclct trnnslbrntatiorrs.
it still siccnls csotcric ancl conrplcx to thosc uninitiatccl irr highcr levcl
mathcnratics. In this pal)cr ignorcd thc lbrmal clcljnition ol' [-laar
translbrttrations attcl lhc ltropcrtics thcy proviclc. Instcacl ol. show lrow tg
implcmcnt the I-laar translbrnration. and how propose to use it lbr
stcganography and r,vaterntarking. In additiorr we will explain the rcasons
o1'succcssl'ul or leril Itaar translirrmation in our algorithrns.

The lD Haar transforrrr
'fhc lD llaar trattslilrrtt lvorks orr a sct ol'4 pixel. -l'hc 

translbrrnation
o1'a set of pixels:

is [A=(e+り /2_L_ B=(e… り/2111  (〕 =(a中 L辺2  EE)==(c― d)/2三]

Wltcrc c : (tr-1 b)/2 and 1': (c+ cl)/2
'l'hc irrvcrsc Lranslbnrral ion is:

[亜亜亘三亘I           I「5

Ccttcralizing it to trvo clinrcnsiorrs, wc takc lD Ilcar transl<lrr1 ljrsl
along tltc rou's. thc aloltg [hc colurnns ol'the: image II'thc wiclth or hci_qht
arc trot nrultiples ol'4, lhcn thc borulcr"s arc igrrorcd in thc traurslbnn. We
Ibund [llc tralrslbrtrt to bc rclativcly incll'cctivc irr stcnographl,. -l'hc 

hcar
translornt gctteralizccl to tu'o dinrcnsions allorvs ntore data to bc storcd i1 a
rcgular inragc.
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l a l b l c l d l iS I A=(cttb)/2 1 B=(c+d)/2 1 C=(a―b)/2 1 D=(c― d)/2 1

Agailr b<lrrlcrs lirr lrr inragc u ith rviclth or hciqht that arc noI

ntultiplcs ol' lbur arc i_rtntrrccl. As in ll) trarrslirrrtt. Ihc irtlortttittion is

gcneralizcd to trvo dinrcnsions. first along the rows. thcn along thc
columns. Additionally, alicr this computation is complctc, wc nccd to work
on tlrc uppcr lcli -harrcl conlcr (2 x2 pixcls) of cach 4 x 4 block.

becornes I   E==(a+b)/2   1   F==(a― b)/2  ]

The same computation is done for thc sccond row of pixcls and thcn

again fbr each colunrn ol'this 2 x2 block.
Thc invcrse is first contputed for each group of 4 x 4 pixels.

To do this we take the invcrsc tbr the first two colunrns in thc
2 x2 block. then takc thc ittvcrse tbr thc first trvo rows in the

2 x 2 block. l-hc invcrsc

I rtt plcnten tation ttl' \\r:tvclct Stlll(l Ⅳl.Klltllilh U.0.T

The 2D Haar (2nd Levcl) Transform
fhs 2D Haar tritrrslbrnt also works olt a sct ol' 4 pixcl. but is

considercd "2D" bccausc tltcrc is additiorral proccssing on a 2 x 2 block
altcr thc initial ro\\' ancl colunrn translilrtttations arc cornplctcd. Thc

transfbrntation of a sct ol'pixcls ( I ).

雨 司

F or thc E and I:
group ol'4 pixcls; lrrst

shorvn abovc. Finally. thc
bl,colunrns, thcn by rou,s,

invcrsc is lakcn lbr each

as lbllon,s:

For the A, B, C arrtl l) abovc these transfbrms were used in wavelct -

based Stcgrrographl,. T'hc amount ol'data that can bc hiddcn in art ima-ec

dcpcnds Lrp or1 thc nutnbcr ol' "low" cocllrcicnts -qcncratcd by thc
translbrm.

Wavelet Based Stcganography
Wavelet-Based Stc,canogrtrphy is a ncw idea in thc application ol-

wavelets. l-lowevcr. thc standard technique ol'storing in thc least signilicant
bits (LSLI) ol'a pixel still applics.'l'hc only dill'crcncc is that thc
information is storcd in thc uarclct coclllcicrtts ol'an inragc. irrstcatl ol'
changing bits ol' actuul pi.rcls (2). 'l'hc itlca is tltal. storitrg in thc lcast

ｒ
ｉC
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inrportant cocl'l'icicnts ol'cach -l x 4 Ilaar. 'l'ranslbrmcd block will not
perceptually dcgrade thc irttagc. Whilc this thought process is inhcrent irr
nlost Stcganographic tcchniqurcs. tlrc clil'lcrcncc hcrc is that by storing
inforrnation in thc wavclct cocl'ficicnts. Lhc changc in thc intonsitics irr
intagcs will bc inrlrcrccptiblc. lior this pro.icct. wc orrly,show thc
el ctiveness ol:storing clata ilt _grayscalc (pgm) files.

l. Algorithnr
'fhc I-laar tratrslbrtnatiotr rcturns nlilnv cocl'llcicnts that arc. or closc

ttt. Alicr tlliirrg a lliritr tt':.rrtslirrrn ol'sonrc irnlgc. Ilrc iclca is to hitlc bits irr
the cocl'f rcients thal arc bclow sonrc thrcshold valuc. thcn savc thc Ilaar
invcrsc ol- thc modillcd clata. Thcorctically (3). sincc wc arc hiding bits irr

sigrrilicarrt cocl'licicnl.s. this slrould not grcatly lnoclily thc intagc.

Encoding
'l'akc thc (2D ['laar) wavclct translbrnt ol'an imagc.
l"ind thc cocl'l'icicnts lrclow a thrcshold valuc.
Rcplacc thcsc bits u,ith [rits ol'clata to bc hiclclcn.
'['akc thc irrvcrsc trarrslbrnr.
Store it as a regular inra_ec. irr arry standarcl lirmrat, such as pgln.

l.
2.
aJ.
4.

5.

Decoding
l . Take thc wavclct translbrnr ol'thc imagc.
2. Find thc coefficients that arc bclorv a thrcshold valuc.
3. Extract thc bits ol'clata lionr thcsc cocl'llcicnts.
4. Contbirrc tltc extractcd clata bits into an actual ntcssagc.
5. Output thc mcssagc or data.

2. Implcrnentation
Aftcr analyzing hoth thc I D l-larr transltrrnr and the 2D IIaar

trattslilt'ttt. iI rvus tlc(crtttirtcrl tlrut thc 2l) Ilairr trlrrslilrnr lvotrlrl hc ablc to
storc nrorc data (1). Ortc or 111,1l bits ol'irtlirrnutiun can bc storcd lirr caclr
Ilaar cocl'llcicrrt lrclou,a thrcsltolcl valuc.'l'his thrcshcllcl valuc clcl'rcrrcls orr
the nutlbcr ol'bits hidclcn in cach coclllcicr-rt. For cxanrplc, u,herl hicling 2

lrits in caclt cocll'lcicnt. \.\/c ciln hiclc in cocl'ltcicrrts rarrginr lionr 0 to 3.
Whcrt hicling I bit in caclt cocl'lrcicnt. \.vc ciul hirlc irr coclllcicnts rangirrg
fi'orn 0 to l. Obviously. tlrcre is nrorc dc-rlraclation in thc irnage whcn hiding
in a grcatcr trutnbct' ol'bits, but thc arnounl ol'data that can bc storcd is
rn0rc than triplccl.

'l'he clcgraclatiorr ol'an inragc storing irr 2 bits is so light that thcrc is
altttost no aclvalrtagc is storilrg in onlv I bit.
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The main prohlcnr crrcountcred in inrplcnrenting this aleorithnr was
the error caused by truncating the valucs ol' coct'ficicnts atier a llaar
translbrm. 'l'o hide bits. thc lloats introdr.rccd in the translbnn necd to bc

truncated to integcrs (by rouncling or by truncating). Taking the inversc
Haar transfbrnr inrmcdiatcly alier trurrcation results in errors caused by
values greater than 255 or less than 0. The solution for this problenr
involvcs rvhat wc call thc " rangc" and "basc" ol'an imagc. Thc range ofan
imagc linrits thc nrirrinrurn arrd nraxiurum values ol thc histograrn. 'l-hc

application statistically'rrurps ull valucs uhrrr,c 255 rarr-uc to tlrc valuc ol'2.55
rangc. lt also maps all valucs bclow rangc to thc valuc ol'rangc whcn
reading in the original image. Afier thc data is hidden, this slight
modification takcs carc ofthc valucs that fcll abovc 255. but it didn't take
into cor-rsidcration thc rrcgativc valucs tl'lat arc introduccd. This is whcrc thc
bias comes in. 'l'he bias statically shills cach valuc b1, bias.iust bclbrc
writing out tl.rc imagc. lhis shili docs not introducc any valucs abovc 255
becausc ol'the range nrappine that was donc prcviously (as long as thc
range and bias arc choscn intclligently).

Iliding thc data u'as rclatively straightlbrward. Thc flrst thrce bits ol'
the hidden data arc part ol'thc "rnagic number" - - The ntcthod uscd to
determine if thcrc is data hiddcn within thc imagc. 1-he lburlh byte tclls us
the nunrbcr of bits ol'thc Flaar coclllcients in rvhich thc data is to bc
hiddcn. l'hc filth bytc is tlrc numbcr of bytcs olthc lcngth olthc message
(say n). 'l'hen the nc\t n b),tcs dctcrmine the lcngth ol thc mcssage . So lbr
any givcn data that rrccds to lrc hiddcn, thcrc is at lcast six bytcs ol'
ovcrhcad. This headcr is always storcd in the last two bitcs of relcvant
coefficicnts. In rcturning lhe nunrber of bytcs lhat can bc stored by any
given imagc. we alwats allou lbr 20 bl,tcs ol'ovcrhcad (5). and chcck lhc
nunrbcr ol'bytes lvhich nccd to bc hiddcn bclbrc storing any hiddcn data.
Thc actual data was hiddcn bi, systcntaticalll, taking thc li'st n bits ol'thc
data strcaru. ancl rlorlilf irrg lhc last n bits ol'thc ncxt Ilaar coclllcicnl.
which lalls rvithin thc -rivcrr rangc. 'l'his continucs un(il thc data is
complctcly hiddcn irr thc I larr coclficicnts ol' thc imagc (6). 'l'aking thc
inverse llaar translbrnr. standartl pixcl valucs alc rctumcd. antl w'rittcn out
in ((portable gray nlap lpgnr) lbrmat)).

3. Analysis-l'hc rcscarch lsl)ccts ol' stcganoglaphy dcal nrainlS, with
experinlcl rtation on whcrc to hidc thc data and how ntuch data can bc
successlulll' hiddcn rvithout r, isual distortion (7). Irr our algorirlrnr. r.vc hidc
the data in the last bit or thc last two bits ol' insi-enilicanr cocfllcicnts ol'thc
I laar wavclct translirrnr. 'l hc arlount ol'data that can actuallv bc hiddcn in
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a rcgular inragc langcs lionr 60% to Tozir ol'thc sizc ol'the imagc. This is. ol'
coursc. inragc spccilic, bul thc rangcs arc approximatcly correct lbr thc
inragcs wc tcstccl. 'l'he sizcs ol' thc tcst imagcs rangcd fiom 120 x 120 to
1073 x 790, witlr various sizes in bctwccn. Again stcganography is not
nlcant to be robust. Any modilications to the ll le-convers ions betweeu filc
typcs ancl standartl imagc proccssirrg r,r ill rcrnrovc thc hidclcn bits liont thc
ll lc.

l;or caclt sanrplc inrurrc. t\\o sctri ol'tlata l,crc hiddcn:
. a rarttlonr strin-u t)ctwccrr I antl 102.1 chlractcrs.
. a binary lilc - a srnall aurlio lilc. a (ill; or.ll'lrC imagc lilc. or a
simple text li lc (tt).

In cach cusc. thc algorithnr cxtracts thc corrcct string and binary lilc
il'tltcrc rvrs crrough l-rytcs in thc intagc to stot'c thc cnl.irc string or Illc. 'l'hc

876 Kb inragc [ilc ( 1073 x 790) ooultl storc.iust ovcr 55Kb o1' rnlbrmarion.

IIBSULTS AND CONCLUSION

Wc implemcnt our proposccl systcnr by DclpFli languagc using
Bitnrap imagc 24 bil / pixcl. -fhc proposcd systcnr consist of thc fbllowirrg
proccdurcs:

l. Procedurc 'l'Form I .opcnclick: opcn bitmap lilc I Icader and
distributc thc l)ata to thrcc lrancl (rcd. gra1,. bluc).

2. Proccdurc Ilaariclioli: perlornr llaar transfbrrr on a spccilic
image.

3. Procedurc invllaariclicli: perlbrm invcrsc llaar translbrnr or.r

image.
4. Procedure TForm. codingiclick: pcrlbrnt the Hiding of text in a

specillc irnage. LIsing thrcshold valr.rc. 'l'hc opcration perlbrnrs by split
the rcal cocfllcicnt to intcger and I'lide thc (bit.2 bits) in the intcger
part.

5. Proccdulc'l'liornt. [)ccoclitrgclick: I-.xtract thc tcxt lionr thc coding
irragc.

Ihe ellicicncy ol'l"hc progranr is ver1, high but some tintc the extract
text contains crror in chalacter or 2 characters.

The conclusiou is:
l. 'l'hc sizc ol'lliddcn tlata dcpcnrlctl on thc 'l hrcshold valuc and thc

sizc.
2. 'l'hc crrot' ratc is vcD/ lor.v oue trl two charactcr lilr 1000 charactcr

as rcsult ol truncation or rounding ol'crror.
3. -l'hc 

degree o1'dcgratlation is vcrv low.
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Fluar rvavclete
t r:rnsfornration

l{cpl:rcc lhc bil rvilh bils
Ol'tlata to bc ltitlrlcrr

Waveletc

trrnsformation

Coefficient
Bclorv threshold

Iirtr:rct the bits
Of rlata

Conrllirtc thc cxtractctl tlata
Ilits in to an actu:rl message

Decoding Algorithrn
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FUTURE MODIFICATTONS

Inrprovenrents to the currutt clcsigrr irrcludc:
o 'fhc applicatiorr should allow the uscr or thc prograrn [o
dynantically cltoosc thc nurrrhcr ol'[rits irr uhich to hidc data, l"lidirrg
data in one bit will givc a srnallcr dcgraclation of'the intage, but it allows
Itruch less data to bc hiclden in the irnage. llowcver, if thc amount ol'
data to bc hicldcn is slight comparcd to the number of coefllcients tlrat
coulcl hiclc data. thc progranr shoukl nroclily thc algorithnr to hidc in a
sttrallcr ltutttbcr tll'bits. I'ossiblr,. tlrc application slroulcl also lrc ablc to
hide in a greater numbcr ol'bits il'inrage cluality is rrot a primary
conccrn.

o 'l'hc progral'lt should clyrranrically ohoosc thc rangc and biasing
whcn hicling data.

o 'fhc application sltould allow the user to store and extract a lrle
that spans multiple iuragcs (if the anrount ol-data is greatcr than the
antount that can be hiddcn insidc an image).

o Functiorrally should bc extended to work with GIF and JPEG
lbrmat inragcs. and nrodillcd lbr colur irnagcs il'nceded.
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New Search for Video Compression
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ABSTI{ACT

The current research work aims to irnplemcnt the video compression
by developing all thc rcquired programs. Through the implementation work
o['vidco corn;trcssiorr nrost ut tlrc wcll-kno,vrt tttotiott sclrclt rllcthods lvcrc
testcd and thcir pcrlornratlcc \\ As invcstigatcd.

ln this work an adaptivc ntcchanisnr rvas proposcd and irnplcmcntcd
to handle the tinre delay associated with all searching mcthods. However
the proposed mcchanism did not atfcct thc compression cfficicncy and

image quality.

a.dill

C+^+ ilJis-l,, Video Compression g.rJ.ril liJl J+jn -,:rl '''-ltl ar -i{ll
.:L*J 6"J J-+l"l a: g *ill !,;-lt rl.A .7 &ll rrr! dDr 1.1.3 .a..till C-lJiJl

. t65eUS JLnilr i-irFl

i (5Xl 3Jl 6lrL,J dllrl j,!jl Jrln .H .x +$ (J,ilnr Clrl ;r tsLtl 
"s

6ti--.^..lr.r .LiJl '.,US & j):t, Y 4-- niJ qJtll ,:, J) -,,19:r gltdt,r.qJl Jlnll
.6り ,“」|

INTRODUCTION

Abstract motion cstinration and compcnsation is of great importance
fbr compression ol'vidco sequence. Motion estimation tcchniqucs can bc
broadly classified as Pel l{eculsive Algorithnrs (PI{A). and block matching
algorithms (BMA). Netravali and Robbins ( l979) developed a pel recursive
tecl'rnique which estirnatcs thc displacemcrrt vectors lor each pixcl
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rccursivcly liom its ncighboring pixcls using al'l optilllizing rrcthocl. l-inrtr
and Murphl' (1975). Itocca atrcl Zanolctti (l()72). Callbrio and l{occa
(1976) and []rol'l'crio atrcl l{occa (l()77') dcvclopecl tcclrniclues lbr thc
estimation ol'displaccmcnt vectors ol'a blocli ol'pixcl (l).

l. Classical rnethods

I.l (2-D ) Logarithrnic Scarclr Atgorithnr
'l'his alqoritlrrrr. pro;losccl hr'.lairr arrcl .lain (2). Lrscs thc MS[) c6st

litttetiott trrrcl pcrlil'ttts u loqirritlrrrric l-l) sclrr-clr irlotr_rl a vir-tual tlir.cc:Lion ol'
trrinimunt distorLion (DMD) or.r thc clata wiLlrin thc scarch arca. l'hc
modillccl vcrsion ol'thc algorithnr clesorilrccl by srinivasan ancl Rao (3), uscs
thc MAD cost lirnctittrt. attcl can [rc dcscribccl using tlrc lillklwing stcps, as
illtrstratctl in l;igtrrc (l). 'l'lrc 2-l) loguritlrrrric scurclr algorithrn consists ol'
thc lbllou,inu stclts:

Fig. (1): An example about the modified 2-D logarithm search
algorithm

Stepl: -l-hc MnD liurction is calculatcd lbr cix:cly:0, M(0.0). aucl
comparcd r,r,itlr a thresholcl (lets say thc value is 4 out of 255): M (0,0) <'f.
ll' this is satislled, thc tcstccl block is urrchanged and the search is
corrrpletcd.
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沈撃l鵡1胤器ぷ1:l鼎鷺itti{‖Wit
tO M (0,0):

Asmaa Sadiq

Ml(4.0). M2(0.4),
lk)unci t11ld conlp.lrcd

M: min (Ml, M2, M3. M4)

Il'thc minimurl (M > M (0. 0) thcn go to stcp3. othcr$'isc this valuc

is cornpat'crl agitirrst tltc tltrcslrold ('l'). l l' (M '' 'l') thc valtrc M is thc

rrrirrinrunt ntl thc scarch ctrtls. othcrrvisc. thc algorithnr colrtitrttcs with

stcp 2b.

Step2b: Assuming that in thc llrcvious stcp 2a. thc ntininrunr M : M I (4'0)

thcn ncxt two surrottndirrg positions arc calculatcd: M5 (4.4) and M6 (4.-4)

As indicatcd in figurc ( l) thc tcst lbr nrinimunr and thrcshold arc pcrfbnncd
again. and il'thc nrininrunt is lirund, thc proccdurc is complctc. C)thcrwisc,

stcp3 continues.

Step3: Assuming that thc ncrv rmininlum location is M5 (4.4), a sinrilar

search proccdure (stcps 2a antl 2b) is continucd. cxccpt thc stcp is dividcd

by 2. In Figure (l ), thc ucw ntinimunr is assumcd at M (2. 4).

Stcp4: Thc step is furthcr rcduccd by 2. and thc tlnal scarch (stcps 2a and

2b) is performcd. Thc minimum (dx, dy) is found; in Figure ( l).

1.2 The Conjugate Direction Search Algorithnt

This algorithnr is designcd for motion vcctor estinlation. it is

proposed by Srinivasan and l{ao (3). lt is an adaptation of thc traditional
iterativc corrjugatc dircction search method can be implemcntcd as one-at-

a-tinrc scarch mcthod, as illustratcd in IiSurc (2).
tn Figurc (2), thc tlircction ol'scarch is parallcl to onc ol'coordinatc

axes, aud cach variablc is ltliustcd whilc thc othcr is lixcd. -l'his nrcthod has

bccn adapted fbr motion vcctor cstimation [32]. as illustratcd in Figurc (2)

the algorithm consists ot'thc lbllowing three steps:

Stepl: -l'hc valucs ol' thc cost function MAD in the dx dircction arc

calculatcd. until thc rttirtittrttnr is lirirrtd.'l'hc calculution is as lirllows: (a) M
(0,0), M (1,0). und M (-1.0): (b) IIM (1.0) is thc mininruur. M (2,0) is
computed and evaluated. attd so on. This stcp complctes when a minimunr
in the dx direction is tbund in lrigure (2) thc minimum is assunlcd M (2,0).
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Itig. (2): Alt cxatttlrlcr about thc crln.jugatc tlircctiolr scarch rrretlrgd lbr
Inotion vectrlr estinra tion

Stcp2: -l'ltc 
scarch now continr-rcs in thc cly clircctiorr by calculating cost

firnctions M (2,-l) and M (Z.l).A nrirrilrrLrnr in the dy dircction is then
lbuncl at M (2. 2) irr l;igurrc (2).

It rrray hap;rclt tlrat thc clx ancl dy vcctors ol'rtain in stcps 2 ancl 3. cftl
ntlt ctltrstil.tttc it s(lLlarc as givi'rr irr lrigurrc (2). Irr llrat casc. thc rrcarcst gricl
points ott thc dircctiort.ioirrirrg (0.0) and thc obtainccl nrirrirnum point arc
selectcd (3).

1.3 The Three-Step Search Algorithrn

l'hc thrcc-stcp scarch algorithrlr was proposcd by l(oga ct al (4), arrd
inrplcrrrclrtccl by [,cc ct al (5). lrr this algoritlrnr llrst calculatc thc cost
Iirnction at llrc ccttl.cr ancl eight surrourrdirrg locations irr thc search arca.
The location that produces the smallcst cost lunction (typically MSI)
function is uscd) bccottrcs l"hc ccntcr location lor thc ncxt stcp. ancl thc
scarch rangc is rcduccd by hall.

Iror illustratiott. a thrcc-stcp nrotion vcctor cstirnatiorr algorithrn lor
p:6 is showrr irr Iigurc (3). It consists ol'thc lollowing stcps:
Stepl: ln the llrst stcp. nirrc valuos lur thc cost lunction MAI)
(simplificatiorr pLrrposcs clcnotccl as M) arc calculatccl: MI : M (0.0).
M2: M (3.0). M3: M (3.3). M4 = M (0,3). M5 =M (-3,3).M6 - M (-3.0).
M7: M (-3.-3). M8: M (0.-3). M9'= M (3,-3). as illustratccl in l:igurrc (3)"
assuming that M3 givcs tltc srnallcst cost lirnctiun. it bccollcs thc location
lbr the ncxt stcp.
Step2: Nine new cost functions arc calculated. lor M3 and its surrounding
8 locatiorrs. using a snrallcr stcp cqual to 2.'l'hcsc nine poirrts arc dcnotcd
in frigurc (3) as M I l. M 12. M 13. arrd M 19.
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Step3: In thc last stc1t. tltc locatiolt with thc stuallcsl cost lunction is

selected as a ncw ccntcr location (in thc cxarnplc shorvn in ligurc (3.4) thc

location is assunted Ml5), and 8 new cost functions arc calculatcd

surrouncliug this location: M2l, M22,M23, and M29. 'l'lrc smallcst valuc is

the tlnal cstimatc of thc nrotion vcctor. In thc cxample in ligure (3). it is
assumcd M24, which givcs tltc nloLiort vcctor tr [dx. Dy] cqual to {1.6).
Notc that thc total rrurrrbcr ol'conrputations of the cost lunction is: 9x3-

2:25,rvhiclr is nruclr ltcttcr thurt l(r9 irr thc cxltattstivc scarch algoritlttrt.

Fig. (3): An example about the three-step nrotion vector estimation
algorithm

2. Suggested Search Mcthod (Randont Search)

lp thc cur[cnt rcsearch, er ncw rucchanisnl wits suggcstcd. lt is bascd

on divitling the macroblock into four 8x8 sub-blocks. and then

implementing thc scarching for cach block scparatcly such that each scarch

will give minimum valucs ol'thc matching critcrion (i.e., MAD or MSD),

thcp tlrc avcragc valucs ol' tlrc nratching critcrion arrd thc displaccnrcnt
paramctcrs (i.c.. dx, dy) arc takcrr.

l'hc result of apply'ing this mcchanisrrr indicatcd bcttcr pcrlbrnrancc

than thc corrcsporlding rcsults otrtained by applying thc wholc rttacroblock,

one at a time, a comparisoll was done in terms of image quality,

comprcssion ratio and tilttc of scarch.
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-l'hc rangc ol' scarch (i.c.. dx & dy| lur cach block was Lakcrr
(-6. +(ri. 'l'hc choicc ol'thc scarclt points was choscrr rarrckrmly with tlrc
limit ol'thc scarch rangc.

In tltc lirsl. sl.clt thc ntacroblocl< (l6xl(r) is parl"itionccl into lburr 8x8
sub-macroblock. atrcl Ior cach sub-nracrobklok computc thc rrratching
critcriorr valuc (MnD or MSI)) lirr tlrc ccntcr positiorr arrd conrparccl
criterion valuc r,r,it.h thrcshold spccilicd by thc uscr of thc progranl. ll'thc
critcrion valuc lilr c:ctttcr sub-nrarcroblocl< lcss or cclual thrcsholcl thcn thc
search lbr sub-trtitcroblocl'. is corttplctccl. othcrrviscd. litur points lionr cach
sub-blocl. will bc cltoscn rartclonrh. sincc lhc ljrst point is in thc Irrst
quartcr ol'search arca. sccond point irr thc sccilnd c;uartcr. third point in tlic
thrcc quartcr. ancl lburrtlt point irr thc lirr-rr cluartcr, in thc casc ol'locating thc
ntinittruttt irt tltc lirst cltoicc, thc scarch will bc tcrrrrirratcd. othcrwisc. thc
raltgc will lrc tnitrittrizccl to tlrc hall'arrcl tlrc arrothcr Iburr rarrdorrr points will
bc dctcnttinccl in this neu, rangc. this process will bc continucd until thc
rarlgc is crlual to zcro. thclr tlrc scarch will bc tcrrninatcd.

l'hc at'rovc proccss,,vill bc applicd to lirur blocl<s and thcn thc
nrinimuttt will bc tal<ctt lbr cach block, arrd thcn will a ccrtain thresholcl
spcciliccl lry tlrc uscr ol-thc progranr.

Irr the oasc whct'c thc avcragc dillcrcnccs is lcss tlran a thrcshold.
thcrr thcsc blocks will not ['rc cornprcsscd. and the scarch lbr nrarcroblocli
rvill stop.
Figr.rre (4) prcscnts an cxanr;rlc lilr choosing thc pixcls lbr a sub-
macroblock. 'l'hc 

lilIIor,r,in__u arc stc;'rs ol'this cxanrpIc.

Fig。 (4):The Suggestcd

stcp10 stcp2 C)stcp30 stcp4□

ada ptivc a lgorith rn-an cxa rrr ple
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Ncrv Scitrclt l'or Vitlco Asrnnit Srttliq

RESULTS AND DISCUSSION
'fhe rcsults ol- applf ing the OTS nlcthod, 2-D Logarithmic search

method and suggcstcd rnctltocJ on wonlcrl dins vidco illustratcd in ligurcs
5,6,7 and on wolncrl nlcrgc vidco scclucrlcc is illustratcd in ligurcs tt.9.10.
Tablcs I arrd 2 illustratc thc ctlrnparison bctrvccn tlrc thrcc nrcthods rcsults
and in this tablcs r,vc ot'rtain tltc contpt'cssirlrr rutio. l'SNI{. scurch tinrc ltlr
caclr ntctltod and tturtrbct'ol'blocks in cach ntcthod.

Fig. (5): Sonrc reconstructed franres for the wonren video sequence
using the OTS rnatching rnethod

r30
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I,'ig. (6): Sonrc l'cconstl'uctctl li':rnrcs lbr thc rvonrcn
rrsilrg thc 2D-log ltra(ching nrethorl

Vol. l(r, No. .1, 2005

video sequencc

Fig. (7): Soltte rccoltstt"uctccl franrcs lbr tlre wolnen rlins video scquencc
tusirtg thc srrggcstcd ntcthod

l3l



Ncrv Scarch for Vitlco Asnraa Satlitl

Tablc (l)
Its for wonrcn i

Fig. (8): Sonre rcconslnrctcd franrcs lbr thc lvonlen mergc l,idco
sequcnce using thc O'l'S nratching nrctlrod

CSll wonlcll

Method-Ilame Cr PSNR Scarch-
Time

Number
of Block

Three-step searclr 24.77 35.01 0:0:70rnse 8055

__12: D )lo_ga r ith m i g leql-g 11

The Coniugate Dirggqon scr1ry!1

Sueucstccl Scarch

無卜匡l翼
0:0:55rrrsc

OO:Zlnrse
O:O:Zin-'-

7956

8076

8088
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Fig. (9): sonrc rcconstructccl I'r':rnrcs firr thc wonren merge video
sequcncc using tlrc 2D-log rnatching method

rcconstrrrctcrl frantcs fbr thc nrergc video sequencc
trsing tlrc srrggcstctl ltrcthod

Fig. (10): Sonrc
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Tablc (2)
Ilcsults for

Method-name

Thrcc-stcp search C:0:71mse

22コ 塾 Ш 蛭 型 L 0:0:45nrse

Directiorr scarch 0:0:32rrrsc

cd Scarch 0:022 nrsc

-l'hc rcsults cull cliscrrsscd at thc Ibllorving poinl.s:

1. A conlparison bctwcett the results of O'fS method and 2-D

logarithrric scarch nrctlrod indicatc thc comprcssion ratio is sntallcr in a

littlc ratio. but thc total l'NSI{ is thc largcr. tltc trultlbcr ol'ctttttprcssctl

block is grcatcr, thc scarch tinrc is less on thc avcragc br'60o2i,.

Z. A conrparison bctlvccn thc rcsults ol'thc suggcstcd rtrctltod with

the result of both methods (2-D logarithmic and OTS), indicatcd that the

compression ratio is less b)'small ratio, but the total PNSR is higher' thc

number of compressed blocks is greater or equal to number of blocks in

OTS, tl're scarch timc is sntallcr on thc averagc by 60% - 80%.

CONCLUSION

l. The suggested mcthod is found faster than classical methcds,

without causing a significarrt dcgradation in PSNR or compression ratio.

2. The rrurnber of blocks irr the suggestcd mcthod is srnallcr than the

number of blocks in O'l'S. and 2-D logarithmic scarch.

3. Thc search time lbr thc suggested nrcthod is faster in averag,: by

about 60 - 80 Yo than thc prcvious methods.

LTST OF ABBREVIATIONS

Cr Cotttllrcssitllr liirtitl
NB Nutttbcr ol'lJlock
PSNII Prrak Signal-'l'o-Noisc [{aticr

ST Scarch tirrrc

PSNR Search-
Time

Number
of Block
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Cr

32,02 7855

31.96 35.61 7548
，
コ

つ

“ 35,73 7776
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ABSTRACT

Irronr ttrinc sittttplcs ol'35 paticrrts sul'lcring li'orl urirrary tract
Inlcction wc isolatccl atttl idcntillcd Iivc gcncra ol'bactcria; Escheriachia
coliI staph. oureu,t; P.sauclottronas ueruginosa,.prolcu.s vulgari.s rtntl
Klcb,siella sp. s/c 1'rrcparccl watcr cxtracr.s lionr lcavcs .;i' M.yrtLrs
conrmunis. sccds ol'-l'riettnclla krcnurrr-gracsunr; liuits ol'Apiurn liuils I...
and sccds ol'lrocnicrtlunt vulgaris.'I'hc nrinirnurrr i,',hibitory orl.1frr,,t--;,,t'
tlresc cxtracts individualll, against staph. attret$ wcrc 2.5 nrg/ml; ll.l
mg/ml; 26.7 rnglntl ancl 26.6 mglnrl lbr Myrtus conrrnunis lcives, "l'. l.
s,raecum. A. graveolcns. artd in I". vulgaris respectively, rvhereas the (fr4fCl
against thc satne bactcria ursing A. gravcolcns ancl 'l-. l-.-grccum clroppccl to
1.25 ntglm l. Sirnilar rcsults wcrc obtairre d using mixturc cll'ot6er cxtracts.

A hot water cxtract ol'a nrixture of Apium lruits in thc ratio ol'3 g to
1g was preparcd. Onc cup ol'such cxtracts was given orally twicc aclay lbr
three days to volunteers sulfering fiorn urinary tiact infectiln. The paticnts
were under clinical obscrvations and their urine culturcs werc lollowecl.
Itesults showcd recovely ol'ten patients out ol. l5 u,ho clrank thc exLract. irr
contrast to only three tccovcly out of l5 who clrank placcbo.'fhc dilltr"cncc
was significant at p.0.01 betwcen trcated and nori-trcatcd paticpts ip thc
number of puss cclls in rrrirrc arrcl lhc clU/ml ol'urinc.
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33.3
P.acruginosa (l{)

40
a

33.3

a

26.7
ａ

２０ P.aeruginosa (S)

3.75 ａ

２

．

５

ａ

っ

一

26.6 26.7 ‖ .7
ａ

２

．

５ S.aurcs (ll)

ｂ

２０

ａ

２０

a

10

ａ

２

．

５ S.aurcs (s)

26.4 22.97 15.6 37 2:・ 56 :2.04
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ABSTRACT

A total of 120 car s、 vab sainlplcs 、vcrc Obtaincd l ・ヽ0!1l palicints
suntring n・。nl chronic suppurativc otitis nlcdia(CSOM)、 ViSiting thc ilN l
out paticllt clillic tit/ヽ 卜Ktldhynlia l｀ cachil18 110spital ill 13ashdtld cit), 「hc
pcriod of study、 vas lron1 0ctobcr 2000 10 thc cnd OfJanuaら ,2001 1tcsults

cxhibitcd that Ps`″あ″,ο″αs αO″ Irgノ″οsα 、VaS thc most cOlllinOn bactclia

(48)isolatCS rcprcscnt(4096),f01lowcd by′ ″ο′ι″s″′ノ
“
2b′ノお(17)rcprcscnt

(14.2%)and S76ρ /71ブOdOεε
“
sα″″′ぉ,Which cOnstitutcd i5 rcprcscnt

(125%)of thc total isOlatcs Thcsc isOlatc、 crc tcstcd against thirtccn
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oJメiJ J・ ^・Ⅲふlc■ メー・」 dF.J.ll s.L*Jt 6l:t 6r.i

antibiotic discs namcly Antpicillin, Amoxycillin, Cloxacillin, Clindamycin.
ciprofloxacin, ofloxacin, piperacillin, vancomycin. celbtaxinre.
Carbcncillin, Centanticirr. 'fobranrycin ancl Arrrikacin in ordcr to dctcrnrinc
their susceptibility to these drugs.

4iJi.ll

gr )S r,r,!. ', q5ll L+Jl ,_;l;*Yl ; Otitis lrrcdia ,r-t-rl 3i!t ...,t4,:t -+-,
;:!t .;U-*:tl u-)^Jl .(l) dr*:i^4.11 i:[*]f ; f1;igl rr rl .JfUlf r i$JUl
.iLl--Yl ,-j: .u,JUtJ JtitYl LrJ ,f J,Hl q5."i.rrl jk+Jt 6t+l-dlt J)c, i+jlJl rf*rt
r-l'+.(2) Chrl .r:-.Y ii=JJ$ c,b-g.ij-r crUsL. ^ &lb J,! +.-r.;j)J;-1-lSu^Jt

OA cr--rll 1dt CS: Jtityl 41 i,rl-iJl 
"i"l_,;^yl 

u- rtJl ,.sL-!t ;$r er4lr Fy
qrj i--JtiJl ,:$,:,Ie.:,-. i:r=i OX.tt ..,41 (3) k+ tcliL,i _r:S!r ,;.fr,.yl ;
,Js.i-{ ub-*11..+ 1+l-} ;l;s:.Jl i++tjl .J ut-:l LL,:*JI iJJJ-Jl -113t.' .il Ujs+ir
g "l3j .(a) C^ tl ;triii ,i oS Ju ubJ-Jl ,-Ft-i $ L6- -t):il 6yL 4Linr q)r)
3 Pseudonrcnas aerugittosrr LJA L-<-:-: ,,.-r-il h4J otii*Jl -El ,-* !.i(+]l
eL,.d ti .(5) ,:Ut-Yl u tdl l*J i!;,"i6jl 6lii..,Jl t;rStaphylococcus auret$
g--S3 

";"-,-ll'++." 
Jt q+iS+lt gl;!t ;St ii. dr_il1 .sL-rl ;:!r .;f*lr* U_yt

dr- l-J-Sl Ll;t p)J Stcrphylococcus oureus 5 Pseuclomonas aeruginosa
f"lii"' ll ,r--lc ,-iJFlJt JJ --+:: i-lJJl ora .ael4.j .(6) Enterobactcriaccac iL,tc

;1111.' ^ll drYjJl 4*-L- a-11 e +.,^-il1 ,r-t-rl ;.r!t ,rt4,:V L+-,lJl ! +KJl

.Ailii-il .+JiJl

d,.dl dilJb 3 .rljnJl

d,,.J^Jl #--+Jl .+-rl ;r)'l .-'gJl .). .JitJ .fy dr ',}ri 
a-^.^ (120) ,",-"+

J.ll* qp-r 6J+illj rJ:)19 LiiYl cJ,-LdiiY tfr_,,H| LJt ji-yl r:br*Jl 
"r+,+lll9

.(2001-l-30) ltijr (2000-10-1) * i:u.ll .pr:.rtr+ d #+J,:Jr ir^Lrsl
nlri." ^ll jf L;"JX l*+u"Xl-r t$l-i)l +*r_,,-!l _tLryt .,Jc, ol-rdf L.,erj

,#__Jll Jixl_Jl L..,ry 
"S,s,Ut 

L -lr aJt )tsl -t_r $-i.,1 .",,1- !_$S+ll
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"面
`(Bio MCHCヽ I:rancc)ドメたt‐ 1

:ひ さ ↓島 1玉 Ⅲ …ヽ‖
Anll)iCillin(AM)!()卜 lg、 ∧nlikacin(AK)30卜 tg、 Anl(バ ycillin(AMX)l()
μg,Pipcraci‖ in(IP)100μ8,VancOnlycin(VA)30 μg,Ccibtaxinlc(cTx)
30 μg,Gcntanlicin(CN)10卜 tg,Tobranlycin(TOP)l()()μ

8、 Carbcnci‖ in
(CAR)100 卜lg, Clindanlycin(CM)2 卜18, Ono、 acin(0「 X)10 卜13.
Ciprol10xacin(CIP)5μ3,Clo、 aci‖ in(cX)10 μg

.(7)♂ ゎメヨl Kirby Baucr Ⅲユ J・ IJ・・ |タ

リリ
`i―

』ぃ 、1_、 |も井 り‐ |し声メ Chi‐squarc tcst(x2)り1'1｀ la、 1ヽ1

し'1」■ミツIJにLIり .、メ 13,メ|´ Lヽ_ylて 、Ⅲ■3,メ|ヽ‐ 心メぁ こり |タ
おヽ 1興 |」 ,ニメ |ヽメロ|とい|～tご |ゞ～井 亀メ

び出 |

L+l! d,ilS ,-L-rJt ;:yt .Jt4jJy i.,.JlJ;riLJt gt;i ,).,S1 jl e,lrijt 6J+ti
Proteus IJA 1.6+ll ,(o/o 40) 4++ alj. (4g) o;sU :! pseudontonas aeruginosa
t A d,jL$ 43lrxt tull j Li ,(% t4.Z) $ ,si 

-n)e 
07 ) .-,p, dt_, mirubilis

elr-,| ,,i-----i ,5i .(o/o 12.5) i+*r Ui i:; 1t5) c..ti., Staph.vlococ.cu.t aure us
4++,*- >+ gtr,ll ; i'- S.epiclennl./,r tr-,isJt .I JJ l_1tjr ,.:r! J.iIJ 1, .i-ill

'---r 
,''-ill uF .j.#t Oy 4J+ir.* LIJJ dlsJii .:tt J.ill Li rc....tJJ ar aJ JLJ &Jj]

.(l) Jr+Jl i air. LS ,,..-;;^lJ l++ji 4: u:sJl .1,,,.- ll i-l+:
,''l<.:. .l Ar (30-21) -)L"cyl ; -oJr.-as- 

.trJJl+ !L-. !_)^. di jls,t j.,jts

LL (30) Ji;i .ajrsr ij- ( 40_3 l) Jr 4r!l iji} Li (% 3a.2) i_o .jl iJL (1 t)
i.+.-jir iJl-- (15) 6__n- J L- (50_41) ;* r1..!l *,r+- i .(% 25) i.,..!r
(% 10.9) a.,..--jJr ilL (13) .',tl i,.i- (20-l) ; _1r.,!r i.e *.+-.icl'j.(% 12.5)
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。2)」リコ こヽ■夕区りⅢЧ (%8.4)●出4轟亀口(60-51)

(1)」J■

O"j^Jl u-h-,J'Jl Olll +LFI., i++..*ll l-r.J,iSJl tllu} qJj.ll ,..u.:tlJ JJrll d:+

(%)こy,J (%)占り| (%)」メコ| ´ メ|`#」 |
(40)48 (38.6)27 (42)21 P.oeruginosa
(14.2)17 (17.2)12 (10)5 Pra`ι

“
s″′lirabJrlis

(12.5)15 (14.3)10 (10)5 S, sureus
(10)12 (11.4)8 (8)4 Sの JrJattJ″is
(3.3)4 (2.9)2 (4)2 Other G-ve
(3.3)4 (4.3)3 (2)l Aspergillus spp.
(1.7)2 (|.4)1

つ

″ Ca“ Jlirra spp.

(15)18 (10)7 92)ll No growth
(100)120 (58.4)70 (41.6)50 Total

(2)」J■

祖 脚 も、押 |ヽ岬 |“ ´ メ 1標 Lハ Jtも、戸 |●国 |むJ

"｀

(%)こyいJ 占WI ふゝコ| (Ul q*rl irarl

(9.2)ll 8 3 10“ メ|

(10.9)13 8 く
Ｊ 11-20

(34.2)41
つ

一

つ

一 19 30-21

(25)30 17 う
、
ソ 40‐ 31

(12.5)15 一５ 50-41
(8.4)10 5 5 60-51

(100)120 70 50 こJバト」|
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も 口 |●IJ二‖ぃ ,L´ ふLと ぃ Ⅲ L― |り しぃ
`yメ
|・メ i

J Amoxycillin J Ampicillin`IJ.ス  ^.1 、1りしtりtL′ αθ″′
`lir70Sα

メヽ■
い 。L゛ よ́≦](%100)ム  ^Jし園111….1(´ ,K.t(ゝぃ、clindalη ycinり C10xacillin

(%85。4)J(%87.5)亀 メロ|ム ,由 lご
`ll t'ぃ
、Pipcracillin,vancOnlycin fJ.ス

^

い 年 Carbcncillin J cctttaxinlcヴ J.ス JLリロ 111ぶ 6。ぃ L_.」 |メ|。非
Tobramycin J Gentamicinヴ J.スハl LJL国 |ぃ

´ .♂|メlt歩じ(%73),(%75)
J、 ス J ttJL Jiぃ

脚 |。ゝ 出 メ i.♂り |コ C(%29.16),(%41.6)出 Kも

なりL副 メ 1声 がり。L過 (%6.25)J.ス ^‖ 1早 亀リロ 11■ 出 K tt Anlikacin

い J印 桐 いしi。 (o)亀J□1出K‐ Onoxacinり cゎrOΠ OXacinび Jス ^。ぃ
処 ‐ VancOnl)′ Cin J、 ス ^11 4JLげ上 i●_片ル i壺 ′′・。た″s〃′ル・

`′

b′′お

ЦJ ttJL口| こぅKιヽ、clindamycinり c10xacillin fJ、 ス_。ぃ L_,(%94.H)
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Ⅲ出 出K‐ Rpcracillin J、 ス̂い|`Jり|」C(%82.35)J(%88.23)…

`、
K .tt・…へAmoxycillin,Al■ picillinげ J・ ス̂°い Lエリ̀ (%76.47)4亀 ,t出 |

`(%58.8)」 なメロ|ム
、口、こ3K`｀い、Carbcncillin J、スハ。いり。Ц■ が』(%70.5)

Tobranlycin J(%35.29)Gcntamicin J(%7.05)Ccibtaximc出 IJ・ス ^戸

こJJ.ス ^ひ ψl。い も Lギ |ノ'″ο′cお ″ルαb′′′s出ツタ げトリハ ・́(%H・ 76)

Ll・
諄
。」S(0)tJ□ |ム LⅢ l出 Kt'ぃ、 Ciproll()xacin,0■ oxacin,Ainikacin

t゛、K.ヽ 【・ぃ、Anlpicillill J・ ス̂11メしなりLユ 凸メ |」塾S漁場Pヵ.α′″・ピ`61j邸
た■̈」ヽ

Amoxycillin J(%93.33)ヽ_■ C10Xacillin」 、スハ亀JL kハ `(%100)Ⅲ

叩 亀 J団 |ム 話ヽ 出 K(｀ ぃ、 Clindanlychl,Pipcracillinヴ J・ ス^´ `(%80)出 K

…

CarbCncillin J二 ´L"Lど ヽ 1`。♂ lヵ」 1砂3(%60),(%66,6)評

り(%33.33)CcliDtaximc,(%40)VanCOmyCin出 IJ・
ス J亀り|コ|り (%46.66)

J Amikacin出 IJ、 スJ亀りLヴ |ご _ゞメ|け■ ル が,・Lこ (%20)Gcntanlicin

‐ がイ Ol t」 t口
|ム_`出3K t・‖、CilDronoxacin,onoxacinり Tobramycin

。(3)」 ,却ヽこ■ メ区

(3)」J■

亀 口 |●IJ・
スハ‖ぃ る押 亀」̀ ntも、興

|ヽ週 IJ酬り |・工 出

Srapル .α
“
″郷

ごソj出 」じ

(%褐餞▲‖亀口lL出り
15(12。 50/0)

Proteus nirabilis
oY.;,rJl rs

(% Lrti"ll i+J^I i1.jJl)

11 (l4.2tn)

λ αι″″gルlοsα

酬 JIエ

(%褐 11▲ tt～口 |」L出 )
48(400/0)

r｀
ミ1・・̀̂ti ll・ スハtl

15( 100) 12(70.5) 48(100) Anrpicillin
12(80) 12(7().5) 48(100) Anroxycillirr
0 0 3(6.25) Anrikacirr

5(33.33) 8(47.05) 36(75) (- elirtaxirrrc

7(46.66) |()(58.8) 35(73) Carbcncillirr
14(93.33) 15(88.23) 48(100) Ck;xacillin
9(60) 14(82.35) 48( 100) !!LL,d,,ID:._t!l__
0 0 0

-lrprgllexsrl3(20) 6(35.29) 20(41.6) Ccntarnicin

0 2( ll.76) 14(29.16) Jnbgly_.t1
0 0 Olloxacin
10(66.6) 13(76.47) 41(85.4) 門 pcmcillin

6(40) 16(94.|| 42(87.5) Vancomycin
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::L-il q SS+ll d,Yj,,Jt ,r.lc t- .1, t;*,fb cr-,6Li d, qr=lt ilrl*;Jt JtSl Li
i..-c..-+- ;. glrL:-Jl gl.u -+,r dr*- .Olloxacin -e Ciprolloxacin ,pJ-;-i cr;lSi

+++r ll-l 4JlJl l:-fis+ll * a-Jl*ill i-.,IJ rJJs Cl Fluoroquinoloncs -rLi;J3ag1_;yJiJl

i..,'"'-r,J 9;.:1" Jl &-,.] 4-t,- 4-lJJl oJA j ayjFj c*+,.:-':ts.(13) ,rrs ii-.,..-r

&\ 6l L+Jtc lJLil_rr+; Jlr.ll (15) I (14) ejlli C- iiiL gtJl ,:r I,L .(% 100)

5 Proteus mirabilis , P. oerugittosa L+A n- 4*JFll gyj,ll ,rlc. .-.prr.. Jl

.Stupth. uurcus

.l*l L:LL dols tr iS+Jl 
".;.-,;i -,;,6J"i *5Jll oLl;rJl 

".:.,-r 
c- St.,.-,itl:.I,

73.5) L-,i.,,", il( Olloxacipc :L:J !_,iSJl ++t,.- jl (16) ):.e..'.r.,- r..;1rLJl
4j.-x]l Arl erYl c-rl-,\-:ll ..p i.l3 r,-ll t:Jtlil lreii 1;-L"- .lJ r-r+:ss (17) r-i .(%
rt^:,-.-l staph. oureils I Proteus nirabilis ,p. aerugittosa L-JA J-:.
P. L+.l4 i.-rLL..rJ l;' r, (18) oAr-+lr L-i .(% 95) c.,-:s ciprolloxacin

.(% 21) ,"'.1+_r csts Ciprolloxacin rl.' J aeruginosa
.'' il$i . ir--;!l iY;*]l :; +L9gSJ+yl ic r-+- -rlrL;.. ajf*s ;c. f_i

e-itl3 L-rtii. ir-,: c.r,+Li:1r. aerugirrosa t;-,1i'(1 .,Jc qlL" Amikacin :L. ^ qlti
o-r-+ti -r-iii Staph. aureus sProteus mirabilis dr- dS.iy-).'r-i .(% 6.25)

'Jsi L e ola tj+iLli ,io.i13 .t+r.,j! urtL .fi -dx pJ3 r[.;Jl ll ol.=j !jt" 4J-1.-,,-

'i "tll+ Li .Arnikacin :L;- "t+j tlt \i-L"= or,+Li lr. aeruginosa !:r! 3i 1lo;
,(% 41.6) 4..,,;, p aentginosa L,eui..::tsi "fobranrycin l Gcntanricin .erL;J
rLr:L--Jl e-,oJLL i-,,"i,.-rrtSi Proleus mirablrJ UA ui .;rCr .,J' (o/o 29.16)
L-JA I .i .(o/o I1.76) 'l'obranrycin rL:^ J s (% 35.2()) Gcntanricin

rL:J t<+ru o:ls J*= ..r! .'l'obrarnycin :t;J Lrr,fi xln ln suph, (ntret,t,\

' i' r (14) Jl*iir (9) ";s: u e atr dr,t+ ejEijt ouj .('/" 20) LUr Gentanricin

t-i .O>--ll qf qJUl 4rJUn *;-*X oj.-ilt ,r-t*rl ;:yl oL,qjl .:ytJ rl*:Jl tr,r

5 P. aerugirtostt L;A ;.- ;[ i-Jti. .', ',[! r ii'l'ggpilntycin rLJ a-,j3t

rL:-'ll l+J LJIL Staph. uuretts U-i!.lts i.rrs,J .a"JE 4l Proteus mirabilis

.J;ii (% 40) i.,,"i,

●場
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I JJ]SJI ,-l$l 'rJl3 ,(Faccl Strcptococcus) Ljl!t .:r ,- r. , Jt .( Strcptococcus )
Yl '1-l '--:sYl :' Jl .,,1 - DrLi;.e +sJr .:rir.)rls (r'otar rrratc Count)
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ABSTRACT

Thc bactcriological pollution was stutlicd to dctcrnrinc thc prinrarv
tre atrxent crficiency of AL-r{ystirnya municipar wastewarcr trcatnrcnt prant(third. expansion). sanrplcs rvcrc clllccted Iium rhc frinra* ..air-,"ntuii,r,.,
tank (pri,rary & sccondarl,) a,d at thc linal disposai poinr ar Dyala l{iver.Bactcriological colilorrn dcrsitics l.C and,"rri" p",i",,,, rc;;:, lr';iFS and total bactcrial colrlI as bacteriorogical po rtiu,, indicators. .r-hc
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most probable numbcr (MPN) meLhod was studicd in tcst. Also somc of thc
chemical and biological characteristics of the wastewater likc COf). BOD,
total suspcrrded solid'l'SS and nitratc N()3 was cxanrincd. l;ronr the rcsults
it was seen that all the valucs wt:rc excecding thc allowdcl lraqi pcrnrissiblc
linrits of Tigris and Dyulu ltivcr.
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ABSTRACT

lrour isolatcs wcrc obtai,cd rvhiclr bclongs rt't slophttlococc'rs oureus
l}om scvcnty urinc sunrplcs ol' paticnts u,ith urinlrr tract inle.ction.
Scnsitivity ol' isolatcs lor antibiotics rcvcals rcsistancc lbr pcnicillin.
Erythromycin and Tctracyclinc. rvhilc all isolatcs rvcrc scnsitivc l.r
cclbtaximc and clinilanrl cin. 'l'hc rcsults ol' detccti.n about cnzymc
prtlduccrs showcd thut all ol' thcsc isolatcs wcrc protcasc protluction. 

-"1'hc

isolatc no. (2) ol' srrr,cr.s charactcrizcd with high pr.ti.cti.n rbr rhis
cllz)'lllc. 'lllis isolatc sclcctctl lirr protcitsc llulilieution usirrs arrrr1p1iurrr
sull'ate precipitation and gcl Iiltration rvith Scphadcx c- lb0. protcasc
activity and protcin conccnrrations wcrc (30.4) Uinll. (0.51i nrg/nrl
rcspcctively.

I{csults ol' c lcct'.phrlcs is slrowcd that all ol'thcsc isolatcs containc.l
more than small onc bantl ol'plasmid, isolatc (2) c.rrtairrcd two lrarrds .l'
small plasrnids wlrich this isolatc no. (2) curricd with usirrg sDS. alicr
testing ol curricd isolatc rvhich showcd rvas sensitivc lbr pcnicillin and
Erythrornycin rvhich was ,on-protcasc producing. that indicatcd to lbuncl ol
gcnctic rnarkcrs Ibr thcsc charucters with small bands ol plasnrids.

Ls.tt

.5;'-:!t Lr d:Jl .:l_2 qSJt e- r;i a,ri ,s Staphl,lococcus atu.e us lJ.{! .n
i.$i,UlJ-i ;Urt J #rr.rJr;l ,r-lle..1L;):r .!l .yLJr .r. +il1 r++- \Fjts

q9-iiill cr-* ,Jr .e-x e-i*i 4JS ,. ;.,r" J-5Y S. attreus /9r.iinJl .atj 
"S,Jl JJc

(1871) rLe Wablycr , slr (187t) .!c Von Rccking Ji,y (pyentia) .i,s^il
t r -!"i 6-e!-r-i ,(l) L-;JrJl .Jr----tt :-t ..1;.L-.--- .-tr .rj JF- L+J-p ;)-
O. +r,ll ,,tr,-',,(2) 

1t3qt g:ix yJ 4.S,-1- )9s et, i;.,.J r.;; r. ,...,r-.rs-L (1.4-0.g)

(Coagulasc. 6l rl^,)l ..i---.,LJl 
-rl 

, r .(Capsulc) i_LiJl : _!r. r;;,pyl _!lrc
,Staphylokinasc, I)rotcascs. l)hosphatasc. l.lyaluronidasc. Dnasc. Lipasc)
(lcucocidin,6-toxin, y-toxin. B-t.xin, u-toxin. t:pidcrmolytic to\in. 3tiliJ:Jl

.'l'oxic shock syndromc. Entcrotoxin. 'foxin- 
I )
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ABSTRACT

I{ccyclin-e tlrc rceltirrrrclblc alkalinc (Ni-Cd) battcry irrvolvcd

opening thc ccll r,r,liiclt r.r,as scalccl arrcl thc;rlatcs irrsidc thc ccll wcrc trcatccl
physically &. chcrlicallr'. Clatluriurn platcs wcrc clcctrclplated r.rsirrg

(CdO+NaCN) solutiorr ct a currcrrt clcnsity ol' 0.069 A/cnrr at t'ool'll
temperaturc,uvith good stirrirrg. Nickcl platcs rvcrc clcctroplatcd using
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(NiSO4+Boric acid) solution & a temperaturc ol'65oC. the current density

was 0.046 A/cnt2. l'hc platcs werc thcrr clcctrically isolated usillg a
cellulose cloth. A 30% KOI-I solution was added to the cell then it was
sealed back.

The cell was cltar-uccl lirr 5hrs usirrg a constant current ol'54, thc
voltagc rcad 1.3V.

Thc discharsc cl'llcicncr w'as calculated using a load ol' 4Q. -l'he

battcry capacitl u,Lrs I llz\.lrr'.
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