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FIFhGURU E: e^Y UYP3YIeRFh CY2ECRIl vYeOR2 sG vFO0E. 2^FRIU

cp

CF.RC ^F22E3I

FsUeOF2e

F taw NoobnNku rn rua NtNSpgdg nm rua mNkrnbg bagontgdcSa mnb rua 
knmoBrNrdntNS jNbdNcdSdrp nm ga•BatrdNS (akn(dti dg obagatra(4 eua
NtNSpgdg Bgag vNggap'g vNbknj 2uNdt mn(aS nm rua (dmmabatka carwaat N

Rt rudgtn(a nt rua knbbakr oNru Nt( drg gmNSSagr gBkkaa(dti jNSBa) 
mn(aS rua grNrag nm rua kuNdt knbbagont( rn rua onggdcSa marbdk (do jNSBag
dtkSB(dt( zabn) Nt( dr dg gunwt ruNr rua NjabNia gaoNbNrdnt carwaat 
cbaNknBr tn(ag dg a•BNS rn rua bakdobnkNS nm rua grNrdntNbp obncNcdSdrp 
nm grNra zabn4 eua NtNSpgdg dg axrat(a( rn mBSrdoSaAoNru ga•BatrdNS 
(akn(dti pdaS(dti N kSnga(Amnbm axobaggdnt nm rua dmobnjamatr njab rua 
gdtiSaAoNru ga•BatrdNS (akn(dti nm rua NjabNia gaoNbNrdnt carwaat tnt­
gaNbku tn(ag4 :dtNSSp cp baiNb(dti rua obncNcdSdrp (dgrbdcBrdnt nm rua 
knbbakr oNru marbdk (do) -b (Cdo < ^H Ng rua obncNcdSdrp ruNr grNbrdti 

mbnm grNra zabn rua gpgramg barBbtg rn ruNr grNra wdrunBr jdgdrdti Ntp

\

grNra a•BNS nb SNbiab ruNt ^) Nt( axNkr axobaggdnt nm rudg (dgrbdcBrdnt 
FSS rua axobaggdntg Nba idjat dt rabmg nm rua gar nm rua 

knbbakr oNru cbNtku marbdk jNSBag Nt( ruadb obncNcdSdrp Nggditmatrg4
euap Nba aNgdSp knmoBrNcSa) (dbakrSp NooSdkNcSa rn oNbrdkBSNb kNgag) Nt(

ruanbardkNS bagBSrg Nba dt axkaSSatr

dg (abdja(4

Ng gunwt cp goakdmdk axNmoSag rua 
Nibaamatr wdru axoabdmatrNS maNgBbamatrg4



R4 RIeOEC32eREI

Ua•BatrdNS (akn(dti dg nta nm rua mngr onwabmBS (akn(dti rakutd•Bag 
mnb kntjndBrdntNSSp atkn(a( maggNiag rbNtgmdrra( njab N (dgkbara mamnbpSagg 
kuNttaS4 Rr dg N gBcnordmBm rbaa gaNbku obnka(Bba wudku Nrramog rn mdt( 
rua mngr SdkaSp (NrN ga•Batka nb oNru 3 = (B^) B^) B^) 444H rubnBiu rua 
atkn(a( rbaa dt wudku rua cbNtkuag Nba Nggdita( SdkaSdunn( nb cbNtku marbdk 
jNSBag {p}4 :nb N rbaa nm Satiru h cbNtkuag rua ncjakrdja nm rua (akn(ab 
dg rn mdt( rua oNru mnb wudku rua rnrNS NkkBmBSNra( marbdk

nbre a k utd• 
d= 1 ’

dg rua SNbiagr [S] 4 eua katrbNS d(aN nm ga•BatrdNS (akn(dti dg rn ax­

oSnba rua rbaa nta cbNtku Nr N rdma wdrunBr gaNbkudti rua atrdba rbaa4
eudg axoSnbNrdnt dg oabmnbma( NSnti rua oNru ruNr NooaNbg rn ca rua 
mngr SdkaSp) ruNr dg wunga marbdk dg rua SNbiagr Nmnti runga axNmdta(4
Wdru rudg obnka(Bba rua (akn(ab mBgr nkkNgdnttNSp in cNkk dt rua rbaa Nt( 
bajabga Nt aNbSdab (akdgnt) cBr dt nb(ab rn mdtdmdza rudg cNkkdti Bo 
Nt( axratgdnt nm BtSdkaSp oNrug) rua marbdk dg cdNga( dt gBku N wNp ruNr 
nt rua NjabNia dr dtkbaNgag NSnti rua knbbakr oNru Nt( (akbaNgag NSnti 

NSS dtknbbakr oNrug4

eua NjabNia tBmcab nm knmoBrNrdntg oab (akn(a( cdr dg rpodkNSSp 
jabp gmNSS) cBr rua mNdt obncSam wdru ga•BatrdNS (akn(dti dg rua knmoB­
rNrdntNS jNbdNcdSdrp wudku dg NgpmornrdkNSSp -Nbarn (dgrbdcBra( [M]4
eudg jNbdNcdSdrp kNt ca ba(Bka( cp uNjdti rua (akn(ab axoSnba gdmBSrNta­
nBgSp rua v) v > 1 mngr SdkaSp oNrug (dtgraN( nm rua gdtiSa mngr SdkaSp 
oNruH) Nt( axoSndr rua rbaSSdg grbBkrBba nm rua kn(a rn aSdmdtNra mabidti 
ba(Bt(Ntr oNrug [3]4



M

F oNbrdkBSNbSp dmonbrNtr •BNtrdrp wdru ga•BatrdNS (akn(dti dg rua 
(dmmabatka carwaat rua kBmBSNrdja marbdk Nr N tn(a nt rua knbbakr oNru 
Nt( drg gmNSSagr gBkkaa(dti jNSBa)

(1Hvdt :4 
j >k 11

Fk = bkA

Rm mnb N tn(a 3 ^ nt rua knbbakr oNru h[ wa uNja

(MHj > kr. <B a Y
ruat = 0 Nt( rudg tn(a dg kNSSa( ''cbaNknBr" [+}4 Rm dta•BNSdrp (MH 
dg grbdkr) ruat dg N "grbdkr" cbaNknBr tn(a4 sbaNknBr tn(ag Nba kNSSa(

:4

-
"tntgaNbku" gdtka ruap Nba (akn(a( cp N gdtiSa knmoBrNrdnt4 ^nwajab) gdtka 
NSS rua dtknbbakr oNrug ruNr rua (akn(ab wdSS ajab axoSnba amabia mbnm 
tntcbaNknBr tn(ag nt rua knbbakr oNru) Ng dtkbaNgag) rua tBmcab nm knm­
oBrNrdntg takaggNbp rn (akn(a dtkbaNgag axontatrdNSSp4 IntcbaNknBr

:di4 (1H gunwg N rpodkNS gaimatr nm ruatn(ag Nba kNSSa( "gaNbku" tn(ag) 
knbbakr oNru marbdk4

d

2SaNbSp) (akn(dti obnkaa(g gmnnruSp wuat rua (akn(ab mnjag NSnti 

kntgakBrdja cbaNknBr tn(ag nt rua knbbakr oNru4 eua (akn(dti ammnbr 
dtkbaNgag Nt( caknmag jNbdNcSa ntSp wuat) cakNBga nm rua tndga dt rua 
kuNttaS) tntcbaNknBr tn(ag Nba atknBtraba( nt rua knbbakr oNru4 YNku nm 
ruaga tntcbaNknBr tn(ag caknmag rua bnnr tn(a nm N onratrdNS gBcrbaa nm 
dtknbbakr oNrug ruNr mBgr ca axoSnba( Ng Snti Ng ruadb marbdk jNSBa (nag 
tnr (bno caSnw ruNr nm rua taxr cbaNknBr tn(a4 euabamnba rua (akn(dti 

ammnbr dtkbaNgag Ng cnru rua knbbakr oNru marbdk (bnog Nt( rua tBmcab nm 
kntgakBrdja tntcbaNknBr tn(ag dtkbaNgag4 -bdma (arabmdtNtrg mnb rua knmoB­
rNrdntNS cauNjdnBb nm N ga•BatrdNS (akn(ab Nba ruBg rua (dgrbdcBrdnt nm 
rua knbbakr oNru marbdk (dog Nt( rua gaoNbNrdnt (dt tBmcab nm cbNtkuagH 
carwaat kntgakBrdja cbaNknBr tn(ag4

Rt rudg oNoab N taw NoobnNku rn rua NtNSpgdg nm ruaga rwn mNkrnbg 
ontgdcSa mnb rua knmoBrNrdntNS jNbdNcdSdrp nm ga•BatrdNS (akn(dti dg oba­
gatra(4 eua NoobnNku Bgag N vNbknj 2uNdt mn(aS nm rua marbdk (dmmabatkag F 
dtrbn(Bka( cp vNggap ar NS [5] 4
gdcSa marbdk (do jNSBag) Nt( (akn(dti dg baiNb(a( Ng axakBrdti N bNt(nm

bagA

k
Rt rudg kuNdt) rua grNrag Nba rua ongA
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eua vNbknj 2uNdt mn(aS dgwNSk wdru N bamSakrdti cNbbdab Nr rua nbdidt) 
bajdawa( dt gakrdnt RR Nt( gajabNS obnoabrdag nm rua kuNdt Nba dtrabobara(
wdru bagoakr rn ga•BatrdNS (akn(dti4 eua vNbknj 2uNdt mn(aS dg ruat Bga( 
dt gakrdntg RRR Nt( R. rn (abdja kSnga(Amnbm axobaggdntg mnb rua NjabNia 
gaoNbNrdnt carwaat tntgaNbku tn(ag mnb rua gdtiSaAoNru Nt( rua mBSrdoSaA 
oNru ga•BatrdNS (akn(abg) Nt( rn (arabmdta Nt axNkr axobaggdnt mnb rua 
kBmBSNrdja (dgrbdcBrdnt nm rua knbbakr oNru marbdk (dog4 euaga kSnga(A 
mnbm axobaggdntg Nba agoakdNSSp dtrabagrdti cakNBga ruap Nba aNgdSp 
knmoBrNcSa nt N knmoBrab Nt( NSgn cakNBga ruap Nba idjat dt rabmg nm rua 
NkrBNS gar nm kuNttaS rbNtgdrdnt obncNcdSdrdag Nt( rua NkrBNS gar nm 
cbNtku marbdkg Bga( cp rua (akn(ab4 :dtNSSp rua NkkBbNkp nm rua mn(aS 
wNg jabdmda( cp rua axkaSSatr Nibaamatr ncrNdta( carwaat rua ruanbardkNS 
bagBSrg Nt( NkrBNS maNgBbamatrg oabmnbma( nt knmoBrab gdmBSNrdntg4

t

RR4 vFO0E. 2^FRI vECYh E: e^Y 2EOOY2e -Fe^ vYeOR2 CR-U
Rt rudg gakrdnt wa obagatr vNggap'g vNbknj 2uNdt mn(aS [5] mnb 

rua knbbakr oNru marbdk (dog Nt( dtrabobar gnma nm drg obnoabrdag wdru 
bagoakr rn ga•BatrdNS (akn(dti4

2ntgd(ab gnma tn(a nt rua knbbakr oNru RJ) Nt( Sar } ca rua 
gar nm knbbakr cbNtku marbdk jNSBag4 F mBt(NmatrNS •BNtrdrp kSngaSp 
baSNra( rn rua (akn(dti nm dg rua marbdk (dmmabatka idjat cp Y•(SH)

* baoaNra( caSnwI
k " Min(rk’ rk+l’ rk+2” ' ‘ ^Fk^ n (3H

INrBbNSSp)

Fk — 0 *
wuaba rua a•BNSdrp unS(g ntSp mnb cbaNknBr tn(ag4

Udtka dg rua kBmBSNrdja marbdk njab rua mdbgr k cbNtkuag) ruat

bk =

k = 1)M)444 (+H

k
£ G

d =1
(5Hd

Nt( Y• (3H caknmag

Fk = A vdt (0) ’ ^Gk+1 + Gk+M^ ’ • • A ^ (6Hu k+1



+

wudku kNt ca axobagga( bakBbgdjaSp cp

dm (FG Gk+1 ^ H > 0 (1H' k+1 k^S k+1Ar 0 nruabwdga
nb

= vNx {0) (F H} (_H— Gk+1 k+1

Udtka NSS rua knbbakr oNru cbNtku marbdkg O Nba grNrdgrdkNSSp 
dt(aoat(atr bNt(nm jNbdNcSag wdru rua gNma (dgrbdcBrdnt) ruat rua tnt­
taiNrdja bNt(nm jNbdNcSag F F^) F^ dt(Bka N •BaBdti obnkagg4
eudg obnkagg dg a•BdjNSatr rn N vNbknj 2uNdt wuaba rua grNrag Nba rua

kArm ’

onggdcSa jNSBag nm F^) Nt( wuaba rua 1Agrao rbNtgdrdnt obncNcdSdrdag Nba 
rua obncNcdSdrdag NggnkdNra( wdru rua p'g4 Rm J dg rua SNbiagr taiNrdja 
cbNtku marbdk jNSBa Nt( P rua SNbiagr ongdrdja cbNtku jNSBa) ruat

-£ = NoO = —£H )

•j)A-(G A

0 < £ < J

(9H£H ) 0 < £ < P

eudg gar nm obncNcdSdrdag dg baN(dSp ncrNdta( mbnm rua kuNttaS rbNtgdrdnt 
obncNcdSdrdag Nt( rua (amdtdrdnt nm rua marbdk4 eua grNrag F^ Nba dtraiabg 
gdtka rua cbNtku marbdk jNSBag Nba NSwNpg bnBt(a( rn dtraiabg dt obNkrdkNS
ga•BatrdNS (akn(abg4

Rm N tn(a uNg gnma jNSBa F^ = j) ruat grNra j nm rua kuNdt 
dg nkkBoda(4 eua taxr grNra rn ca nkkBoda() gNp grNra £) wdSS ca (arabmdta(
cp rua 1Agrao rbNtgdrdnt mbnm grNra j) Nkknb(dti rn rua gar nm obncNcdSdrdag 
nm Y•4 (9H) Nt( F = £4 :nb axNmoSa) dt :di4 (MH) rua gar nm rua onggdcSakA1
cbNtku marbdkg dg { M) 1) 0) A3) A1} Nt( rua knbbagont(dti obncNcdSdrdag

Fg gunwt dt :di4 (MH) mnb rudg oNbrdkBSNb axNmoSaNba {•M> •1) o
NSS grNrag rn rua bdiur nm grNra M axudcdr rua gNma rbNtgdrdnt oNrrabt4

ONo Onbrn’

F cbaNknBr tn(a nm rua knbbakr oNru SnkNrag rua (akn(ab Nr grNra 
0 wuabaNg N tntcbaNknBr tn(a wdSS SnkNra dr Nr rua knbbagont(dti tntzabn 

2SaNbSp (akn(dti rua knbbakr oNru dg a•BdjNSatr rn axakBrdti Nt 
dtrabiabAjNSBa( bNt(nm wNSk wuaba N jdgdr rn Ntp tntzabn grNra dtdrdNrag

Udtka mbnm grNra zabn rua (akn(ab knBS(

grNra4

N gaNbku mnb rua knbbakr oNru4
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adruab bamNdt dt ruNr grNra nb in dtrn N gaNbku) grNra zabn Nkrg Ng N 
bamSakrdti cNbbdab Nr rua nbdidt nm rua bNt(nm wNSk) 
kuNttaS ruaba Nba dt iatabNS P) P > 1 rbNtgdrdntg rnwNb(g rua zabnAgrNra 
Nt( J onggdcSa rbNtgdrdntg NwNp mbnm rua zabn grNra) knbbagont(dti bagoak­
rdjaSp rn rua onggdcSa P ongdrdja Nt( J taiNrdja cbNtku marbdkg jNSBag4
eua mnbm nm rua obncNcdSdrp rbNtgdrdnt mNrbdx mnb gBku N bNt(nm wNSk wdru 
P = M Nt( J = + dg idjat caSnw

For a soft-quantized

0 1 M 3 + 5 6 1wv
(q1tq2)

1 oM -3 -+ 0 0 0oS

1 0 0 0 0 44-0 -1 -M -3 -+I -+ 0 0M •S -1 -M 
-0 -1 
•S -0
q2 q!
0 •M

-3-0•M
-+ 0 
-3 -+

3 0 •M q! -M -3
0+ 0 -1 -M•M
0 05 0 -0 -1 -M -3

6 0 0 0 -0 -1 -M•S

eudg vNbknj kuNdt mn(aS mnb wNg mdbgr obnonga( cp vNggap ar NS 
[5] wun kntgd(aba( rua oNbrdkBSNb kNga dt wudku ntSp N gdtiSa rbNtgdrdnt 
nm Btdr Satiru dg oabmdrra( rnwNb( rua nbdidt grNra; d4a4) P = 1) -(G|^+1H= • » 
cBr Ntp mdtdra tBmcab J nm rbNtgdrdntg NwNp mbnm rua nbdidt Nba oabmdrra(4

OaiNb(Sagg nm rua kuNdt) wuat N tn(a nt rua knbbakr oNru uNg N 
ongdrdja marbdk (dmmabatka) >0) ruaba dg N gaNbku NggnkdNra( wdru 
rudg tn(a) Nt( kSaNbSp rua knbbakr oNru marbdk mBgr in rubnBiu N (do Nr 
SaNgr a•BNS rn F^ camnba baNkudti rua taxr cbaNknBr tn(a4 Wa kNt ruabamnba 
NggnkdNra rua F'g wdru rua knbbakr oNru marbdk (dog4 Em oNbrdkBSNb dmonb­
rNtka wdru rudg baobagatrNrdnt dg rua grNrdntNbp obncNcdSdrp (dgrbdcBrdnt 
nm rua (dmmabatr grNrag nb (do jNSBag) Nt( rua NjabNia gaoNbNrdnt carwaat 
kntgakBrdja cbaNknBr tn(ag4
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-bnoabrdag nm rua vNbknj 2uNdt

Wa tnw dtrabobar gnma waSS ktnwt obnoabrdag nm vNbknj 2uNdtg [a] 

wdru bagoakr rn ga•BatrdNS (akn(dti4

-bnoabrp 1 f

eua NjabNia cbNtku gaoNbNrdnt carwaat cbaNknBr tn(ag nt rua 
knbbakr oNru dg a•BNS rn rua maNt bakBbbatka rdma nm rua nbdidt grNra4

UBoonga grNra j kNt ca baNkua( mbnm grNra d dt t graog4 har 
ca rua wNdrdti rdma (dt tBmcab nm rbNtgdrdntg ba•Bdba(H mnb rua 

mdbgr atrbNtka rn grNra j mbnm rua dtdrdNS grNra d4 euat

m(tH = -(e4 4= tH (10Hdjdj
dg rua obncNcdSdrp rn baNku grNra j mnb rua mdbgr rdma mbnm grNra d 
dt axNkrSp t graog4 eua obncNcdSdrp nm ajatrBNSSp baNkudti grNra j 
dt N mdtdra tBmcab nm graog mbnm grNra d dg

nn (tHm44 = -(e4 4 
3 RJ t-A) ^ d )J

t = 1

dg rua barBbt rdma rn grNra d (nb bakBbbatka rdma nm dH 
= 1) ruat grNra d dg gNd( rn ca bakBbbatr nb oabgdgratr4

< 1) grNra d dg gNd( rn ca rbNtgdatr4

Rt oNbrdkBSNb e 
Nt( dm m

dd
Rmdd

:nb N bakBbbatr grNra d) rua maNt bakBbbatka rdma (nb maNt barBbt 
rdmaH dg (amdta( Ng

nn (tH (1MH= Z t mpd ddt=S
If y = °°, state i is called a null state, and if y^ < °° it is called 

t*iull state.N tnt

:nb ga•BatrdNS (akn(dti rua obncNcdSdrp ruNr rua mdbgr barBbt rn 
grNra 0 (N cbaNknBr tn(a nt rua knbbakr oNruH rNkag t graog dg

m(tH (13H-(e A tH =nn 00
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^atka rua NjabNia tBmcab nm graog rn barBbt rn grNra 0) nb a•BdjNSatrSp 
rua NjabNia gaoNbNrdnt (n (dt tBmcab nm cbNtkuagH carwaat kntgakBrdja cbaNknBr 
tn(ag nm rua knbbakr oNru dg rua maNt bakBbbatka rdma nm grNra 0)

kn (tH (1+H+ _ 2 1 1 t mnn

eua NjabNia gaoNbNrdnt ( dg mdtdra ntSp dm grNra 0 dg bakBbbatr 
tnttBSS4 Wa ktnw ruNr mnb ga•BatrdNS (akn(dti) rua ntSp dtknbbakr oNrug 
nm dtrabagr amabia mbnm tntcbaNknBr tn(ag nt rua knbbakr oNru4 euabamnba 
dt iatabNS cnru rua NjabNia jNSBa Nt( rua jNbdNcdSdrp nm rua knmoBrNrdntNS 
ammnbr dtkbaNga wdru rua NjabNia gaoNbNrdnt carwaat kntgakBrdja cbaNknBr 
tn(ag4 F (akn(dti NSinbdrum wudku ammakrdjaSp ba(Bkag rua NjabNia gaoNbNrdnt 
(P wdSS NSgn ba(Bka rua jNbdNcdSdrp nm rua (akn(dti ammnbr) Nt( dm (n = 1 
rudg NSinbdrum wdSS tajab iar dtrn N gaNbku mnb rua knbbakr oNru4

mnb rua ga•BatrdNS (akn(ab) ruat grNra 0 dgRm O < O-bnoabrp Mf knmo
bakBbbatr4

cadti rua knmoBrNrdntNS kBrnmm bNra nm ga•BatrdNS (akn(dti [M] 
rua NjabNia tBmcab nm knmoBrNrdntg rn (akn(a nta cbNtku nt 

euabamnba rua (akn(ab NSwNpg barBbtg rn N 
cbaNknBr tn(a nb zabn grNra nm rua kuNdt4 ^atka m = 1 Nt( grNra 0 dg 
bakBbbatr4

Oknmo 
knmo

rua knbbakr oNru dg mdtdra4
dm O < O

00

-bnoabrp 3f eua vNbknj kuNdt dg dbba(BkdcSa

euaba dg tn Ncgnbcdti grNra dt nBb vNbknj 2uNdt) ajabp grNra kNt ca 
baNkua( mbnm ajabp nruab grNra Nt( uatka rua kuNdt dg dbba(BkdcSa) 
dt Ntp dbba(BkdcSa vNbknj 2uNdt NSS grNra Nba nm rua gNma kSNgg (bakBbbatr 
N rbNtgdatrH) dm grNra 0 dg bakBbbatr ruat NSS nruab grNrag Nba bakBbbatr4

Udtka



_

RRR4 F.YOFlY UY-FOFeREI sYeWYYI sOYF0E3e IECYU

Wa uNja gunwt ruNr rua NjabNia gaoNbNrdnt carwaat cbaNknBr tn(ag dg 
a•BNS rn rua maNt bakBbbatka rdma nm grNra zabn4 Inw) dm N kuNdt uNg N 
grNrdntNbp obncNcdSdrp (dgrbdcBrdnt {j^} (amdta( cp

4 -4 
n dJ

nn 05Hj = 0) 1) M)444.4 = T. j
J d=0

ruat rua Btknt(drdntNS (dgrbdcBrdnt nm nkkBoNtkp nm rua grNrag caknmag 
dt(aoat(atr nm rdmaf rua obnkagg dg dt grNrdgrdkNS a•BdSdcbdBm4 eua 
grNrdntNbp dg Btd•Ba wuat dr axdgrg Nt( rua j4 Nba idjat cpJ

1
j 4 = p 4J J

wuaba pA dg rua maNt bakBbbatka rdma nm grNra j4J

Rm gBku N (dgrbdcBrdnt axdgrg mnb rua grNra nm rua kuNdt) ruat

(16H

(11H-(Fk = £H = j£4 £ > 0

Em goakdNS dtrabagr dg rua grNrdntNbp obncNcdSdrp jn nm nkkBopdti 

grNra 0) gdtka dr baobagatrg rua baSNrdja mba•Batkp nm cbaNknBr tn(ag nt 
rua knbbakr oNru wudku N ga•BatrdNS (akn(ab wdSS (akn(a cp N gdtiSa knmoBA 

:bnm Y• (1+H Nt( (16H dr mnSSnwg ruNr rua NjabNia gaoNbNrdnt 
carwaat cbaNknBr tn(ag dg idjat cp
rNrdnt4

1 (1_H(n .
0

Udtka Nt dbba(BkdcSa vNbknj 2uNdt uNg N grNrdntNbp (dgrbdcBrdnt 
dm Nt( ntSp dm NSS grNrag Nba bakBbbatr tnttBSS) ruat dr mnSSnwg mbnm 
obnoabrp M Nt( 3) ruNr dm O < O 
kuNdt axdgrg4 eua (arabmdtNrdnt nm rua {j^4} Nkknb(dti rn Y• (15H dg dt 
iatabNS •Bdra kBmcabgnma4 ^nwajab) mnb rua gdmoSa kNga wuaba ruaba Nba 
Ntp mdtdra tBmcab J nm rbNtgdrdntg NwNp mbnm rua nbdidt grNra) cBr wuaba 
ntSp N gdtiSa rbNtgdrdnt nm Btdr Satiru rnwNb(g rua nbdidt dg oabmdrra()

rua grNrdntNbp (dgrbdcBrdnt mnb nBbknmo’
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vNggap ar NS [5] idja N gdmoSa bakBbgdja rakutd•Ba rn (arabmdta rua grNrdntNbp 

obncNcdSdrdag j^) idjat ruap axdgr4 :nb gBku N kuNdt) rua NjabNia (bdmr 
rnwNb( rua nbdidt dg

J
£ 4 
d=0 1 -

Nt( NggBmdti z > 0) br dg ruat idjat cp

z = • A (19Hd

z (M0Hjn •
Nt( uatka

+ SagSm
° j0 M

3tmnbrBtNraSp mnb rua iatabNS kNga wuaba ruaba Nba P) P > 1 ongdrdja

(M1H

cbNtku marbdk jNSBag) rudg "(bdmr cNSNtkdti" rakutd•Ba kNttnr ca Bga( 
[GJ4 ^nwajab dr kNt ca NooSda( mnb rua cdtNbp gpmmarbdk kuNttaS wuat 
NSS marbdk jNSBag Nba tnbmNSdza( gn ruNr rua ongdrdja cbNtku marbdk uNg 
Btdr jNSBa4

:nb axNmoSa kntgd(ab ga•BatrdNS (akn(dti mnb bNra 1/M kn(ag njab 
N cdtNbp gpmmarbdk kuNttaS wdru N kbngg njab obncNcdSdrp k = 0403304 eua 
bnBt(a( nmm cbNtku marbdkg Nba ( 1)A+) A9H Nt( rua knbbagont(dti obncN­
cdSdrdag NbaA {049351 ) 04063_ ) 040011 }4 :bnm Y•(M0H rua grNrdntNbp 
obncNcdSdrp j dg ruat a•BNS rn 041165 Nt( rua kNSkBSNra( NjabNia gaoNbNrdnt 
carwaat cbaNknBr tn(ag dg a•BNS rn 1439564 FkrBNS maNgBbamatr nm (P nt 
N knmoBrab gdmBSNrdnt nm N oNru nm Satiru M00)000 cbNtkuag Bgdti d(atrdkNS 
cbNtku marbdkg Nt( d(atrdkNS rbNtgdrdnt obncNcdSdrdag uNg idjat N jNSBa 
nm 143919 wudku dg dt axkaSSatr Nibaamatr wdru rua ruanbardkNS jNSBa4

eua grNrdntNbp obncNcdSdrp br baobagatrg rua obnonbrdnt nm rua 
tn(ag nt rua knbbakr oNru ruNr wdSS ca (akn(a( cp N gdtiSa knmoBrNrdnt4
^atka N obnonbrdnt (SAjnH nm rua tn(ag nt rua knbbakr oNru Nba tntcbaNknBr 
Nt( Nba ruBg bagontgdcSa mnb rua jNbdNcdSdrp nm rua knmoBrNrdntNS ammnbr 
nm ga•BatrdNS (akn(dti4 Y•4 (M1H dg dtrBdrdjaSp NibaaNcSa gdtka Ng br 
dtkbaNgag) (P Nt( rua obnonbrdnt nm tntcbaNknBr tn(ag cnru (akbaNga) 
(akbaNgdti NSgn rua jNbdNcdSdrp nm rua (akn(dti ammnbr4 2SaNbSp N obnka(Bba 
wudku ba(Bkag rua ammakrdja (P wdSS kntga•BatrSp ba(Bka rua jNbdNcdSdrp nm 
rua knmoBrNrdnt [3] 4 eudg ba(Bkrdnt nm (P dg dtjagrdiNra( taxr4
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v3heR-hY -Fe^ UYP3YIeRFh CY2ECRIl

2ntgd(ab N ga•BatrdNS (akn(ab ruNr axrat(g gdmBSrNtanBgSp rua 
v) v > 1 mngr SdkaSp oNrug dtgraN( nm rua gdtiSa mngr SdkaSp oNru4
Fg N kntga•Batka nm rua mBSrdoSaAoNru axratgdnt dr uNg caat gunwt [3]) [g] 

ruNr rua gmNSS (dog nt rua knbbakr oNru marbdk Nba gdmoSp ditnba( cp 
rua (akn(ab dt rua gatga ruNr rua (akn(ab (nag tnr iar dt N gaNbku mnb

:nb ruaga gmNSS (dog rua tntcbaNknBr tn(ag cauNja 
euap caknma "ogaB(n" cbaNknBr nb) jBgr Sdka rua 

rbBa cbaNknBr tn(ag) "tntgaNbku" tn(ag) Nt( kntga•BatrSp) knmoNba( rn 
ga•BatrdNS (akn(dti rua NjabNia gaoNbNrdnt carwaat rua tntgaNbku tn(ag 
dg ruabamnba ba(Bka(4

rua knbbakr oNru) 
Sdka cbaNknBr tn(ag4

UBoonga NSS (dog gmNSSab ruNt gnma jNSBa ^ Nba ditnba( cp rua 
mBSrdoSaAoNru (akn(ab4 Udtka NSS tntgaNbku tn(ag uNja N grNra gmNSSab 
ruNt ^) dm rua (akn(ab grNbrg mbnm grNra zabn Nt( barBbtg rn dr wdrunBr 
ajab jdgdrdti Ntp grNra Nr nb capnt( ^) NSS grNrag dt rua oNru knbbagont( 
rn tntgaNbku tn(ag4 Rm ^(n dg rua taw NjabNia gaoNbNrdnt carwaat rua 
tntgaNbku tn(ag) ruat rua bNrdn

( n
B( ^ n

mNp ca rNkat Ng N maNgBba nm rua dmobnjamatr Nmmnb(a( cp rua mBSrdoSaA 
oNru (akn(ab njab rua gdtiSaAoNru ga•BatrdNS (akn(ab4 3gdti rua vNbknj 
2uNdt mn(aS wa tnw obnkaa( rn (arabmdta Nt axNkr axobaggdnt nm rudg 
dmobnjamatr dt rabmg nm rua gar nm rua cbNtku marbdk jNSBag Nt( ruadb 
NggnkdNra( obncNcdSdrdag4

har H ca rua gar nm grNrag gmNSSab ruNt grNra ^) Nt( Sar rua 
mdbgr barBbt obncNcdSdrp rn grNra zabn dt t graog wdrunBr ajab SaNjdti 

H ca (amdta( Ng

fhm ( ^ H = o j = 1)M)444t A11 F (M3HF = 0) t F4 ^ 0) F4 a H, J 4]nn b nH
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hdkawdga (amdta rua mdbgr atrbNtka obncNcdSdrp rn grNra 0 dt t graog 
wdrunBr SaNjdti H Ng

m(tH = c ea 
b t (M+H= 0) Fj ¥= n) Fj e H, 0 = 1)M)4H dn

eua ajatrg nm barBbtdti rua grNra 0 kNt ca kSNggdmda( dtrn 2
(dgjndtr garg (aoat(dti nt wuaruab NSS grNrag jdgdra( "at bnBra" caSnti
rn H nb tnr4 euabamnba wbdrdti "m3 nn
uNja

kJtH (tHNg rua knmoSamatr rn ^f0Q , wa

m(tH = m(tH + km(tH (M5HH nn00 00

(tHwuaba m dg rua mdbgr barBbt obncNcdSdrp rn grNra 04nn

Inw gBoonga ruaba Nba I rbBa cbaNknBr tn(ag njab N jabp Snti oNru) 
wunga NjabNia gaoNbNrdnt carwaat cbaNknBr tn(ag dg ( Nt( NjabNia gaoNbN­
rdnt carwaat tntgaNbku tn(ag dg ))( 4 Wa kNt wbdra^n

'.^4“ t4)m (tH p i FItG•
t=S 00

( I = ))( I (M6H^n H oo H ooo t=M
wuaba rua rabmg dt rua cbNkkarg baobagatr bagoakrdjaSp) rua obnonbrdnt nm 
kntgakBrdja cbaNknBr tn(ag) kntgakBrdja "ogaB(n" cbaNknBr tn(ag) Nt( gaNbku 
tn(ag4 3gdti Y•(M5H) Y•(M6H caknmag

Z (tA1 H /(tH + Z m(tH 
^ 00 t=S 00 4 (M1H+ _ G+n ^n t=S
U IRE•Udtka grNra 0 dg bakBbbatr4 = 1 Nt( wa mdtNSSp ncrNdtoon=l

do oo
(n)= 1 + Z (n-1) „f (28)ud H o H oon=l

or
d -ud o H o

oo
f (n)= Z (n-1) (29)Hdo H oon=j



1M

samnba obnkaa(dti rn ajNSBNra rua dtmdtdra gBm) wa kNt kuakk rua
jNSd(drp nm Y•(M_H cp mNkdti ^ = 1 (ga•BatrdNS (akn(dtiH Nt( ^ = °°

★
(.drabcd (akn(dti H

f (tH(dH Ua•BatrdNS (akn(dti4 Udtka ^ = 1) kSaNbSp 
t > 1) Nt( Y•(M_H pdaS(g (P = 4|(n Ng ba•Bdba(4

= 0 mnb^ nn

(ddH .drabcd (akn(dti4 FSS tn(ag Nba tntgaNbku tn(ag4 euabamnba)
m (tH = m(tH (30Hnn 00H

Nt( Y• (M_H caknmag

(n 00 00(tH (tH (31H= 1 Au Y t m £ m
^n 00 00t=S t=S

3gdti Y• (1+H wa ncrNdt

: _^ p +fS^ = (n
ruNr dg

P+3 A 1

Fg axoakra() mnb .drabcd (akn(dti rua NjabNia gaoNbNrdnt ^(P 
carwaat rua tntgaNbku tn(ag (ruNr dg NSS rua tn(agH nt rua knbbakr oNru 
dg a•BNS rn 14 ^Njdti jabdmda( rua jNSd(drp nm Y•(M_H mnb rua rwn 
axrbama kNgag) wa tnw gunw ruNr rua dtmdtdra gBm nm Y•(M_H kNt ca 
ajNSBNra( mnb Ntp ^ mbnm rua gar nm rbNtgdrdnt obncNcdSdrdag nm rua vNbknj 
kuNdt nm rua knbbakr oNru4

Cdbakr ajNSBNrdnt nm rua bdiuruNt( gd(a nm Y•(M9H dg bNruab kBm­
cabgnma Nt( wa guNSS knmoBra gaoNbNraSp Y m ^ Nt( kn ) 4Z t m (tH 

t=S ^nn •nnt=S ^

Rm rua mBSrdoSaAoNru (akn(ab noabNrag nt N rbaSSdg Nt( axoSndrg rua oNru 
bamabiabg) dr kNt ca gunwt ruNr dm v = Mm wuaba m dg rua mamnbp nm rua 
kntjnSBrdntNS kn(a) ruat rua (akn(ab dg aggatrdNSSp N .drabcd (akn(ab [3]) [_] 
2ntga•BatrSp NSS tn(ag nt rua knbbakr oNru Nba tntgaNbku4
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:bnm rua (amdtdrdntg nm rua mdbgr barBbt obncNcdSdrp Y•(M3H) Nt( mdbgr 
atrbNtka obncNcdSdrp Y•(M+H wa kNt wbdra

m(tArAS H _
enaa

^AS (tH (3MH- 4 ^mjni
j=S °J

Nt(
^AS (tH (33H- m ' ' 0jd ^edn ’ j = 1)M)444^AS^ jn d=S

wuaba rua {-44} Nba rua 1Agrao rbNtgdrdnt obncNcdSdrdag nm rua vNbknj 2uNdt4CY

eua mnbm nm Y• (3MH Nt( (33H gBiiagrg rua mnSSnwdti mNrbdx baoba­
gatrNrdntf (amdta rua jakrnb

^ nn -
00

m{1H 
enku -10

m (1H 
entu oM0 (3+H:An

m (1H 
enedk )0 o

^AS )0

Nt( Sar [F]ca rua ^ x ^ rbNtgdrdnt obncNcdSdrp mNrbdx nm rua kuNdt wuaba 
rua Rbgr knSBmt dg gar a•BNS rn zabn

0 -1 oM -^A1
0 -n -1 -^AM
0 •S -n -^A3

F = (35H0 •S•M -^A+

0 •^AM -n•S



1+

ruat mbnm Y•g (3MH Nt( (33H wa ncrNdt

m<M>
nnH
m(MH
•nBa

W O1 (36H

m(MH 
enedk )0

hdkawdga wa ncrNdt
m ( 3H
nnH

A3)
Ht10

M :W Yn = [a]—M (31HAn

m (3H
^A1)0

Nt( dt iatabNS

: = [FS t : At h J An

knSBmt nm N mNrbdx -1A uNjdti ^ bnwg

(3_H

har rua jakrnb : ca rua (t+SHru —t
Nt( Nt dtmdtdra tBmcab nm knSBmtg

(Eo ; -•] (39); F : . —n .
then

M -[Ec! W e»; W2 Eo ; .. : [a]" r : (40)
of the first row of [Blare the ^.f^

h J ^ nneua aSamatrg c nm dtrabagr4Sd
2ntga•BatrSp

! Bm(tH ~ ? 
H nn (+1Ht=S
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Y•(+0H caknmag:Nkrnbdti rua knmmnt jakrnb :

[b]- [d : [a] :[a]2: .... : [a]" : ■]) F (42)-o
r\

The matrix power series I + [A]-(-[A]+ .. +[A]n .. will converge 

if the eigenvalues of [A] are less than 1. Since [A] isA1rn (R A [F]H
rua rbBtkNrdnt nm N grnkuNgrdk mNrbdx) rua gBm kntjabiag4 harrdti

ebalva w] A1 (+3H:
A0

dr ruat mnSSnwg ruNr rua gBm nm rua aSamatrg nm rua mdbgr bnw nm [s]dg 
rua mdbgr aSamatr xAj nm X^4 euabamnba wa ncrNdt rua dtrabma(dNra bagBSr

? m {tH == (++HX1

Likewise each element of the sum E n f^n) is an element of 
the first row of the infinite matrix n" 1

[Bl* -[4 : 2 [A] ^ : 3 [A]2 ^ .... :(ntl)[A]n ^ : ..

“[(1:2 W; 3 [A]2 ;. ..
'■] (45)

0].. : (ntl) [A]n :....) F (46)

eua gBm nm rua knSBmtg kntjabiag rn rua jakrnb

R A ([S A [F]]'1HM ^ (+1H

Nt( uatka
00 (+_HY G100t=S

wuaba dg rua mdbgr aSamatr nm rua jakrnb :dtNSSp knmcdtdti Y• (++H 
Nt( (+_H wa uNja rua bagBSr

(
A A xd (+9H^(n

nb
( A t(0 ^n (50H= +n A x1
^ 0
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Ecgabjdti ruNr Nt( [XJ Nba ktnwt) Nt( ruNr ^ dg mdtdra rua
kSnga( mnbm axobaggdntg (+9H nb (50H kNt aNgdSp ca ajNSBNra( nt N knmoBrab4
eudg knmoBrNrdnt uNg caat kNbbda( nBr mnb N bNra 1/M kntjnSBrdntNS kn(a
noabNrdti Nr Yc/I = 340(s Nt( 345(s njab N (dgkbara mamnbpSagg lNBggdNt
kuNttaS Bgdti N 3 cdr •BNtrdzNrdnt4 eua gar nm rbNtgdrdnt obncNcdSdrdag
(•^4} Nt( {o^} nm rua NggnkdNra( vNbknj 2uNdt Nba idjat dt eNcSa 1 Nt(
eNcSa M4 OagBSrg nm rua knmoBrNrdnt nm Y•(+9H Nba oSnrra( dt :di4 (3H
eua kBbja gunwg ruNr rua bNrdn ( /44( gaamg rn SajaS nmm mnb :R > 1M0)n :R n
wudku dt(dkNrag ruNr 44( mBgr ca kSnga rn 1 mnb runga jNSBag nm :R; ruNr dg^ n
(P dg gSdiurSp SNbiab ruNt 1451 mnb Yc/IP = 345(s Nt( gSdiurSp SNbiab ruNt
146+ mnb Y4/I = 340(s4 c n

Rt nb(ab rn jabdmp axoabdmatrNSSp ruaga bagBSrg4 (_ wNg maNgBba(R
mnb 1 £ ^ £ 160 nt N knmoBrab gdmBSNrdnt nm rua knbbakr oNru marbdk 
oabmnbma( Bt(ab grbdkrSp d(atrdkNS knt(drdntg4 sNga( nt gdmBSNrdnt bBtg nm 
N knbbakr oNru marbdk nm Satiru M00)000 cbNtkuag) (P wNg mnBt( rn ca a•BNS 
rn 1461+5 mnb Y4/I = 340(s Nt( 145119 mnb Y4/I A 345(s4

CE CE
^n^^^n ax-abSSedatrNS jNSBag Nba gn kSnga rn rua ruanbardkNS bagBSrg ruNr
uNb(Sp Ntp (dmmabatka kNt ca ncgabja( nt rua kBbja nm :di4(3H4 eNcSa 3 
idjag rua axoabdmatrNS Nt( ruanbardkNS jNSBag Nt( (amntgrbNrag unw kSngaSp 
(wdrudt 1%H rua ruanbp mdrg rn rua maNgBbamatrg4

^n

Fg mnb rua bNrdn

23v3hFeR.Y CRUeORs3eREI E: e^Y 2EOOY2e -Fe^ vYeOR2 CR-UR.

Camdtdti N (do nt rua knbbakr oNru Ng rua SNbiagr marbdk (dmmabatka 
carwaat rwn kntgakBrdja tntN(jNkatr cbaNknBr tn(ag (gaa :di4 +NH) wa 
guNSS Bga NiNdt rua vNbknj 2uNdt mn(aS Nt( rua obajdnBg bagBSrg rn (abdja 
Nt axNkr axobaggdnt nm drg kBmBSNrdja (dgrbdcBrdnt

(51H-^ = -b (Cdo < ^H
:nSSnwdti rua gNma NoobnNku Ng dt gakrdnt RRR) wa Sar H ca rua 

gar nm grNrag gmNSSab ruNt grNra ^4 euat) kSaNbSp) Ng dSSBgrbNra( dt 
:di (+cH) -^ dg rua obncNcdSdrp ruNr grNbrdti mbnm grNra 0) rua gpgram 
barBbtg rn ruNr grNra wdrunBr ajab SaNjdti rua gar H . OakNSSdti ruNr 

dg rua mdbgr barBbt obncNcdSdrp rn grNra 0 dt t graog wdrunBrm (tH
^ nn
ajab SaNjdti H (gaa Y• (M+HH ) dr mnSSnwg ruNr Y•(51H kNt ca wbdrrat Ng

-B = Z „m^ 
^ ^ ^ nn (5MH
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eudg axobaggdnt wNg atknBtraba( dt gakrdnt RRR Nt( dg idjat cp 
Y•4(++H4 eudg kSnga( mnbm axobaggdnt nm rua kBmBSNrdja (dgrbdcBrdnt nm 
rua knbbakr oNru marbdk (dog dg) NiNdt) aNgdSp ajNSBNra( nt N knmoBrab4

3gdti rua gar nm rbNtgdrdnt obncNcdSdrdag idjat dt eNcSa 1
mnb Y4/I c n
dt :di4(5H Ng rua knmoSamatr (1 A N_2S = -b(Cdo > ^H4 
knbbagont(dti maNgBbamatr ncrNdta( mbnm N knmoBrab gdmBSNrdnt nt N

5
oNru nm M x 10 cbNtkuag Nba NSgn oSnrra( mnb knmoNbdgnt4

= 345(s knmoBrNrdnt nm -^ uNg caat kNbbda( nBr Nt( oSnrra(
OagBSrg nm rua

eua (dgrbdcBrdntg Nba kSaNbSp axontatrdNSSp (akbaNgdti wdru ^ 
Nt( NiNdt) rua maNgBbamatrg mdr bamNb•BNcSp waSS wdru rua ruanbardkNS 
bagBSrg4 FSrunBiu rua axontatrdNS cauNjdnBb wNg axoakra() eua vNbknj 
2uNdt NoobnNku rn rua NtNSpgdg nm rua marbdk (dog dg gBoabdnb rn rua 
rbN(drdntNS cnBt(dti rakutd•Ba wudku kntgd(abg N bNt(nm atgamcSa nm 
kn(ag) Nt( idjag mnb -^ N Snnga Booab cnBt( bNruab ruNt Nt a•BNSdrp[1] )
Et rno nm pdaS(dti aNgdSp knmoBrNcSa axobaggdntg) rua vNbknj 2uNdt 
rakutd•Ba obagatrg rua N((drdntNS N(jNtrNia nm rNkdti dtrn NkknBtr rua 
oNbrdkBSNb kuNttaS •BNtrdzNrdnt gkuama Nt( rua NkrBNS gar nm dtraiab 
cbNtku marbdkg Bga() mNkdti dr (dbakrSp NooSdkNcSa rn Ntp oNbrdkBSNb kNga4

.4 2EI2h3UREI
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TABLE CAPTIONS

Markov Chain transition probabilities for a 3-bit 
quantized channel and = 3.5dB.

TABLE 1 :

TABLE 2 : Markov Chain transition probabilities for a 3-bit
quantized channel and Eb/No = 3.0dB.

Comparison of the theoretical and experimental valuesTABLE 3 :
of d /ud . o H o
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:Rl3OY +f
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TABLE 1

Markov Chain transition probabilities for a 3-bit quantized channel
and E./N = 3.5dB b o

0.477151 .001469^8 = 

q7 =

P32 _ 

P35 = 

P36 = 

P40 = 

P46 = 

P48 

P60

0.207368 .006750

0.022530 .001467q 6

0.127200 .000900q 3
0.027640q2 = .000276
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1.2x10 
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2.0x10

A+4013M11
A+400_1+1

400195+ -1_
40MM951 -_1 = 

-103 =400+9_1
A64003059 -1M_



TABLE 2

Markov Chain transition probabilities for a 3-bit quantized channel
and E./N = 3.0dB b o

.4364452 .002025^8 = P30
-3= .2101586 = 8.062x10 

= 1.941xlO-3 

= 1.2405x10

q7 p32

.0252991q6 = P33
-3= .1343121q P3 37
-4= .032372 = 3.965x10q2 P42
-4= 6.206x10p45
-3= 2.3558x10p56
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=1.813x10 
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-5.016177 P 72

.010338 P81

.026309 P96

.008920 P120

.004048
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2nmoNbdgnt nm rua ruanbardkNS Nt( axoabdmatrNS jNSBag nm (n/|_|(n

Yc/I0 = 345 (sYc/I0 = 340 (s

Yxoabdmatr 
(M00)000 cbNtkuagH

euanbp Yxoabdmatr 
(M00)000 cbNtkuagH

euanbp

(n 444(n (n „)(n (n „)(n (n )B(n(n^ u(n /^/^/^ /^ ^
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3
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6
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1M
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Example of a Markov Chain with Q = 2, J = 7FIGURE 2:
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Figure 4: (a) Definition of a dip of the correct 
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Experimental and calculated distribution PH = Pr (Dip > H)Figure 5:



I

I

'I'
, »

..>..
i

I

(

J

K CONSULTER 

SUR PLACE
I



V

;

\;

it

j

1

: 1-.

i

.

'-•r-

*


