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Abstract

The conventional view of transmit diversity is that a single wireless terminal
transmits using an array of antennas which are spatially located so that the paths
from each antenna to the destination experience independent fading.
Unfortunately, the conventional transmit diversity methods are not applicable to
many wireless systems because size, complexity, or other constraints preclude the
use of multiple transmit antennas. Recently, cooperative transmission, where users
take advantage of each other’s resources for better overall performance, has been
of growing interest. User cooperation provides uplink transmission diversity even
when mobile units cannot accommodate multiple antennas because of size
constraints. Recently, a versatile user cooperation method was introduced by
researchers. In a multi-user environment, the cooperative communication allows
single wireless devices to share their antennas during the transmission and to form a
spatial diversity environment and virtual MIMO system.

The introduction explains the basic idea of cooperative communication and gives
a brief overview of the development in this emerging field. Then some relevant
literature is reviewed, where three basic methods of mobile cooperation in
wireless networks are explained. The performances of the different methods have
been compered and an advantage of coded cooperation over others has been shown.
We are focused on the coded cooperation method and the J. N. Laneman’s and G. W.
Wornell’s work is being analyzed in greater detail, because its performance results
are compared to the performance of the coded cooperation based on punctured
convolutional codes introduced in chapter 3.

The new multiple partners coded cooperation scheme is investigated and proposed
that achieves the full diversity order. The new scheme is based on punctured
convolutional codes and Minimum Shift Keying (MSK) for wireless
communications to obtain transmit diversity. The new scheme supports more than
two cooperative users. We evaluated the performance of the proposed scheme in a
frequency nonselective slow fading channel. Our performance evaluation is based
on computer simulations. The results indicate that the new coded cooperation
scheme can achieve a significant gain over the non-cooperative scheme and has an
advantage over the existing work.

The coded cooperation scheme is considered based on generalized concatenated
convolutional codes with systematic encoding of partitioned subcodes. The new
scheme supports more than two cooperative users and utilizes iterative multistage
decoding. We evaluated the performance of the proposed scheme in a frequency
nonselective slow fading channel. Our performance evaluation is based on
computer simulations. The results indicate that the new generalized concatenated
coded cooperation scheme can achieve a gain over the ordinary serially
concatenated coding scheme.

The serial concatenation of the outer convolutional code, designed interleaver
and inner MSK is proposed as well. This system ensures better performance than
the one with a random interleaver and woven coded MSK. The considered coded

Vi



modulation technique is proposed for the relay channels and the simulation results
are compared with the theoretical bound.

And finally, we touch upon the practical implementation challenge of the
coded cooperation strategy in wireless networks. Recently a versatile user
cooperation method called the coded cooperation diversity was introduced by
researchers. This method involves a variety of channel-coding methods to
implement the cooperation. Different radio access methods could be used for this
implementation. In this dissertation, we calculate the link budget and cell radius
for cooperative communication by using the WCDMA access method and mini-
TDMA scenario between mobiles. The computation was performed for urban,
medium-urban and residential areas based on computer simulation. Two
propagation models: the Motorola Xlos and Ericsson’s indoor propagation model
were used for this purpose. The link budget calculation and simulation results
show the advantage of cooperative communication, which prolongs the cell radius
and improves the receiver sensitivity.
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3b®odo dmyzsbogos Lobdomwyero Dmeobs s (3.9)-b gLsdsdoloce NSFED-
ol Bma09mmo dogswomo. CPFSK-U (M =4 s A = 1/3) 5§3b MSK-l abasgbo
NSFED, 953658 g3 30(600m Lobdo®)emo bmeo s dg¢o boOomveg. bgs
Lob3H9YdgdoLsM30L, GH0309M0S ol MM, LobJdoMMEo BMmEol 9339JGHIOMDdS
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bgebgds  bs3wgd0
95393 GO™dOL botrxby.

NSFED-ol  bstbrx b,

b Bogwmgdo

Lodde szl

-40

-70

;N A
e S e e 20 N

o EOUU IR e T N T PP

") . e SR L L RV RN -

-100 ‘
0

Bob. 3.3 CPFSK-U boddgsgMols 30edbéMogo L3gdGeoww®o od33mo39.

05650, HMEaLsE JMEMEs3ool 0bgdbo sGol h > 1/2, LobdoOHmwo bmeo

0DMgds IMbMmEHMbMEOs©, s 99 MM NSFED 993s© 390560 350b6Mm@90s

9603369 m3bsco.

2 BT

2BooT5

2Bo9oT5

Dﬁfee

M-=2, h=1/2 (MSK)

0.78

1.18

2.74

2.00

M=4,h=1/3

0.55

0.97

1.84

2.00

M=4,h=1/4

0.43

0.77

1.38

1.45

M=8,h=1/8

0.29

0.54

0.93

0.60

gb®owo 3.1 CPFSK-I 3096 53539990 Lobdo®veo bmeo s NSFED.
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513360l Loboo Jgodegds 0md3zol, MMA swRszoBol M HBmdobs o
dmEogool 0bgdubol A JgMbgzom  8godengds  3md3Mmdolols dowfggs
LobJoMIE Dby S LOAIESZ3MOL 9539JEWIOMIL FMEOU.

09653300900 BsBs. B396 3003w0m, M A 56HOL GsEoMmbscrMo (3.7).
§ob53300900 GBS [29] 2560L5BZMGds F90gabsoMs

Y(t,a) = o(t,a) + th(M — 1) - t/T; (3.11)
b 603bsgl 0dob, MMI @(t,a) s §oboggzegdmer Y(t,a) GobHgdL ImMol
SOLYOMBOL  GoEy3 930S, 98 dgzMolL  3m33gbLsooLsm3zolL  F90mMmEgdYE0s
90803060900 Lobdotg

fi=fe—hM —1)/(2Ts) (3.12)
(3.11) s (3.12) 09939Mmd00 Mo gdMwo boabswo (3.1) gobgds
999930

s(t,a) = \/%cos rfit +(t,a) + ¥y) (3.13)
Logosi Wo 960b Bgdolidogemo gsbmE@mo dgzMs s B39b sl 33w0m, MmA 560U 0.
50335650, §ob65330gd o gabs P(t,a) oBmIs fi; FMEORBOEOMHYIE
LobJoMYLMSE  J0ToMMYGsdo, bmEwm gGobs @(t,a) 0DMIGds fr 49OAE0
LobdoMgbsb  F0oMrNGdsdo.  NBOM  JmbgObgdmwos  F9dmzoEebmm
3m0x030MgdMYwo  Lsobgm®Mdsgom  dodgzd™mds  u = (U, Uy, ...) [29].
LoddMEMd0 Uy, € {0, ..., (M — 1)} 19600 gds a, LoddMEMYdL J9dYbs0MO©

ap=2u,—-M+1 (3.14)
oM gdo bogbswo s(t,a) gbers 890dwgds godm3abobmm Gmam®3 u-
b9 ©53m30090wwo. (3.2), (3.4), (3.11) s (3.14) godmygbgdoo t € [nT, (n +

1Ts) 06¢)960350bm3z0l 33593L 89990
s(t,u) = ’% cos 2rfit + 2nh Yodw; + 4 mhu, - q(t — nTy) + ) (3.15)

Looig s(t,a)-L boggws Bogfig®gom s(t,u). mommgmer InEOBOEoMIdY
Lo0bBMOTs30Mm LoddMWML U, B396 S53Lobgm doEHIOOL Fo®30Mgds, HMIJEOE3
099003905 OM00m0 q-00566M03056 (by, ..., bg, ) LoGY30LoEsb, obowgom sbHowo
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3.2. B396 5630bogm  bosGHMOMmHO  MOMIOMO @S  gMgo”  slobge.
6535 MOH0 MOHMBOMO SBob30LsL by 5GOL Yyz9wsbg bogergds

9600936903560 do@o.
M=2 M=4 M=8
LoddME™ | BoBOoMMo | aMgo | boGmGom®mo | Mgo Bo@udogm®o 24M90
u OH@BOO BH@BO0O b, by | m6GmBOmO bs by b
by b by bz by by
0 0 / 00 00 000 000
1 1 / 01 01 001 001
2 10 11 010 011
3 11 10 011 010
4 100 110
5 101 111
6 110 101
7 111 100

gb®owo 3.2 CPFSK-b co®mb bsobgm®mdszom Loddmemgdols s d0Ggool sbsbgsls
Jm0ol dglodsdolmds.

©oM035m P-L x96o doger Moibgl 35953900 (3.15)-do dmiEgden xsdL

o U opdbog A = K/P, gl 993035¢9b6&v005 080Ls, G@m8 3mbobmlols
2MbJ300l 56MMIIbBHL ©O3585GHM™ 27-0 KX IMOO Mo MoiEbl0, 999b
290m30batg s(t,u) 56 FgoEgegds. dgbodsdobs xsdo (3.15)-8o 9godergds
©IM300 0dbsl P-b dmewwoom (mod P) s 0o 890degds Bsbsgargl
3693000 gsbom [29]

v, = X4 u]mod P (3.16)
Lo 39Moddbol 999 3090EMdM vy = 0. 309300 FoBs Bydoldog®o
(530Mmbommo  A-Lgol ©gIMWMl P bbgssbbgs  860d369cmdgol.
09653 gb ®oEbgzo ML LElMYEro, yzgwrs Jglsdwrm IMEOBROEFOMYIO
Lo0bRMOTs30m F03EY3OM™Mds U = (Ug, Uy, ...) QO TFoO 3JOJPOMO BsDBYOOL
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d9L50530b0  J00Y3OMdYGO0  (Vg, V1, ...) 09odewgds  FoMdmagboero  ogml

OMAMO3 BM99JGHMO0900L 859, MMIgElsg 9hmEgds Hobsgzwgdmo gsbol
0oy [29].

355¢m0m0 2. MSK-b 990mbgg3zsdo 30900000 xS 0gd0memdls 99092
8608369md9dL v, € {0,1}. mommgmo 335630 EIHOOL-GsBOL B3YbY (bob.
3.4) $o®m3moa9bl Tgbsderm 30Mgd0m FsBol nTy GOML. Fglodwm 3OHOOMO
035D9%0L 6530930 5G0OL 00I6EGHMOO Y3zgws LoFdMEML 0bEHYMHZoOLIMZOL.
000MgMo  IGm  [omdmoygbl e 3090000 FoBIL TmEOL  Jgloderm
39L3WSL s 5B0Tb0s Fglodsdolo FMmEOGOEOMJIMo LHObgMMTSE0M
LoddMEMmO.  EOIzsm,  OMI  BMmEOROE0MGIMwo  BsobyMmMIs30m
d0993m™ds 6ol u = (1,1,1,0,1,1,..). gb T9ggbsdsdgds 30M9d0m0 FsHYOOL
d0dg93m™dst (0,1,0,1,1,0,1, ... ), ®og Fo®dmagboeros bob. 3.4-%g.

Bob. 3.4 MSK- o®m8o 9;33geo §obs33e90meo gsBol 85¢y.

(3.15) o (3.16)-sb BsbL, GMI dmEmErnfadmo Logbsero n Loddmermls
063963530  ©IIM30YOIMW0S U, boab\lflm"og S Uy 369000 goBsBY.
d9L50530bo, CPFSK dm@ems@m®o 890dwgds @s0dsmb §y3gdo 3oBol
3MOYMS© S ©JdgblogMgdm IMOISEHMMO, bob. 3.5.

»

Un

Vi 2199blogHGdM i s(t,u)

1 9m@ONoG™mE0

4
N

2093960 BoBOL 3mEgHo

Bob. 3.5 CPFSK 8mus@mol sdwmo.
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(3.16)-0L dgLsdsToLO, 1 LOAdMEML 0b6EJMOZ5¢do MFY39GO Bobob 3MmEaMo
39005bgdl v, 30900 BBl @O U, LBOFOMEMLME ghmsE  SHzoL
»39blogMHGOM BMEEsGHMMUL. (3.15)-0L Msbobds, t € [nTy,(n + 1)T;) G™OL
0696035030 1IgblogMgdMm dmEYIEsGHMMO 0m3eol s(t, u) Loabswl. CPFSK-
b 90y393H0 BoBoL 3mgMo F9o3o3L 99399393006, ©s JGLsdsFoLO©  SMOL
©93996LoME0. gl 3OO F9dTsM0EO bgdoLdogMo s®RgMwo M ©s A -»30L o
d9L50530bog MSK-3 5M0ob M9379OLooO.

©0ggMb3EosYMo dmEmsgos dobodserm®o dgMoom (DMSK). DMSK
dmo@m®o [30] 04dbgds fobslifo®o 3m@gMom, G0l d90ymad dmoobl
MSK  dm@uwsdmeo.  §obsbfs@o  3m@go 33000l JgLodsdolemdsl
Lo0bBMOIs30m  LOdMEWMGBLS @S  FMEYWOoMGOIE  Logbsegdl  TmEOU.
959650, 259myg9bgdemo Logboswrms 530900 MBYds (339 s TGuodSFOBS®
DMSK-U 543l 0039 NSFED o 03039 Lobdot@meo bmwo Gsg MSK-U.
30D9bo, MoGHMIs3 gobgzobowsgzgm DMSK-U 560l ob, ®Gmd ol 96 s6Hob

69399600, obowgom bob. 3.6.

______________________________________________

i mod 2 i Uy i i
i > —l_ ' =i =39bbogMH O™ | s (td)
d i Vin i AmEMWIGHMOO |
93060 Bobob 3mEyHo

Bob. 3.6 DMSK 9m@)e0o@m®ol osdws.

3656931900 MOOL 45dm DMSK bslosm@gds d0@bg dmbyero bosgargdo
39300Maol  sedsmmdom 30069 MSK. DMSK 9godegds  s@ofgeml
Pobo33wgdmmo gsBol HomBdmmaqgbom. gobglobrzmmm ImonozoMgdmwo
Lo0bBMEMTs30Mm 800Y3™Mds d = (doy, dy, ...) BoobRMOT530m LOTdME MO0
d, € {0, 1}. d; LEdMEPMGDO FobILFo® MOl JMPOMHGOYO F99EIBI0MO©

u, = (d, + d,_1) mod 2, (3.17)
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boQSE3,  dgmobbdgdol  Lsxgdzgwbg gmgwom, ®md d_; =0. (3.15)-ob
0565b3o, IMOGBOE0MJOMEo LHOBbFMOTs3z0m F0dEI3OMds U = (Ug, Uy, ... )
5ol MSK-o000  9m@©@eo®gdmeo.  m3zsbsbobmgdobmgol, DMSK-om
MMM 90Mo  Logbseobmgol godmgoygbmm Rsbsfgco s(t,d). DMSK-U
DoboE3egdmemo gsBols dsg sGOL 0go3g, Gog MSK-U dgdmbgzggzolongob.
JODOIODO 49BLb353905 0l 5MOL, MM A5ILZWYOO OOl sVboBbMEo Lbgs
9050306090990 LHOBFMOTs30M LOTIMEMIOO).

DMSK-l 99dmbggzsdo P = 2. 589bs, 3Mgdomo xgsbs (3.16) s6ol
N3O0 Mol dmEwom. (3.17)-0l  godmygbgdom  3GMgdomo BB
3563030905 Q5 459m0Y)MH9ds 99gabsoGms©

u, = X1 wlmod2 =d,_, (3.18)
DMSK 8m@m@s@dm®o 9900¢qds ©o08swml a6 3083mbgbdom, Gmams
653969005 bob. 3.6-Bg. n -mMo LoIdMW™ML 0b6EIMZoEol O™, (3.17)-0b
0565b3o, MPY39¢H0 BoBoL 3MPIMO 9BRMOTMIL U, LBOFdMEOMYOL, bmem
(3.18)-0l 1565bdo 30900 FoBIL V. ©9dgblogMgdm JmEmwsGmeo (3.15)-ob
05bsbdoo, t € [nTs,(n + 1)Ty) @OMoLb 063350 sbgomOIMAL
90093 Loabowls. MSK-56 99bLbgsggdoom, DMSK-U mfyzg@o 53o%ol
3M©9YM0 56 G90393L 31393006, 53335605 0go SMOL 3M3693IMLOYWO.

3.2 bolGydol dmgEo

B396 8096 F0Mmm5359930s 9B FM35W3sMEHBoMM0sbo 3o
3MmM3965300L6  Bggds. dobo  LobBgdmemo dmYol  0WMLEHOOMIOOLIMZOL
3obg30bowmm MLogbm Jugwo N sdGHomemo dmdbdsmgdom, MHMICGO03
9mb539990L 20539996 MOPMAMbsEMEMo sbgdom (TDMA, CDMA, FDMA),
oy, ®md 0dodpgdo sBLb3egadL  FMILIsMYOgdOl  ToghH  2oIE39I I
dmbs39990L. 51939 3003Wom, MM LoLEBHYIs LobIOMBOBYOIMW0s, 498M0Ygbgds
MSK 8m@©mes3os o 303960963 o dodmgdo. 51939 0gmeolbdqds, Gmd
SObol  9yMTomgmdol  0bgm®mdszos Mol MIggomdm.  B3zgb  Jog
999Mm 0535990990 3MMEGHMIMWO JJyqds 3939908 MO0 BoBoboysb, Lows
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03olbdqgds FDMA Lolb@gdol godmygbgds. oao bobggbgdos bob. 3.7-%g.
30639 R5D5d0 MomMgwo MT Boobgm®dsgom F d0@qdb gowolzgdy BS-Ub
@S 39OAFB0MMHPOL  mOOMYMbsermo  sMbgdom. d9dwgy oy 3o  BS
Do0353H9dmws© 3960 dmsbgbll 0bsg ghmo @gMdobsols dmbsigdgdols
©93MOM9d0L, 3500b 030 993993530060l  sGbOL  LodoErgdoo MT-90l
3953y™00690L, O™ 3o ©o0{iymb 953990l gMEg BB, MOEOMUSE Y39wd
MT  9osb3gdl P 3960 do@L. {obsswdogy 99dmbggzsdo, vy BS-0s
MIY30MIME Q9939 Y39ws  BH9Mdobscrol  Lyobgm®dsgom  F do@ob
©93M06MYds, 35306 Fgmeg BBl 5@POW0 506 996935 s BHgMBobsggdol
9096 5H5¢00 BObRMOAs30M dOEJOOL Foo39ds 0ffygds.

3963L5BOZOM® 3M3gMs300L ™Mby MmO — (3.19)

@5 3MM396M300L 3mMo LoBJstg GmymedEg  — (3.20)

P+F

Loog F o P 5oL 30639¢00 s 89069 3oDols gmgodol Loy®dy.

A
N-960 MT gosb39ab N-96o MT
F d0@®90L 23005L390L P 36
o)
k> oo 1 735 2
0
o)
c
>
09-2 MT g5005390L F 30390l 09-2 MT g5005L390L
P 3569 3090l
1-c0o MT 25005b390L F d0@gdls 1-c0o MT go05b3gdL
P 3560 d0&90L

v

O™

Bob. 3.7 89035359930 3OHMEGHMZMol B3 gdgdmsb  dgmfiozol
3mbGHOHmo (MAC).

5Mbgool  LodgEM0WMIOEID  A9FMAObsGY  Ls3ToMOBos  gobgzobormm

dbmEm© 9o dmdbIsMgdgero, 9aMgfMm©drIeo fysmm, MHmdgwog 0ygbgdl
bgs  39MEboMEMOL,  OHMamOE  Lodgwmgm  LsdMogdgdl. 98 YoMl
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3396d0Lom30L 25539308 306390 BoBoL  s®bOL  sEFgMms  Tgodergds

99992b50650:
i=12,..F
yili] = Ve asoilxd[i] + z[i], {r =1,2,..,N (3.21)
r+S
ya[i] = Ve asalilxs[i] + zd[i], i=1,2,..,F (3.22)

boo@g xs[i] 9oL Fysdrml oge 49053900 bogbswo, bomem y:[i] s yali]
5600l r MH9BH®BLErosEGMOOL dogh s BS-ol doge domgdymo Logabsgrgdo
d9Lods30lLO. € 560l B0GdEo LoABIWIOL LsFsEM 9bgeYs. gmEg BSBOL
@OML 30 J0M9dMEo Logbsero godmoygmMgds gug:

ya[i] = Ve arali]x:[i] + za[i], i=F+1,F+2,..,F+P (3.23)
oo xr[ 1] 560l 1 BHyEBoBsol Bog® 3539390 FosMdo Logbsero, bawmm
ya[] 30 BS-b 9096 8o0mgdmwo bogbswo. (3.21)-(3.23)-8o, ax, [1] §oG0maowygbl
5Mbol doergzol 3m9x303096¢L i-0mEmo Logbserol 0b@gmzswol ML s
5oL IMOYIWOMHGOME0 OMAMOE MM 300909w00, 3md3gdlmEo 2omLob
3obofoegdols  9Jmbg  9gdobggzomo 330 LsdMeEm  Byenmgsbo
d6003bgwmdom  or#/2.  z[i] 3o bdsmOol  3mA3mbgbEos.  ogo 6oL
dMmEYoMgdmo, MHMymeOE  ©IIM300989wo, Lsdwmomm  bmewmgzsbo,
3M33wgdbmEo ool  dgdmbggzomo  33wso  N/2 (335¢0905QMd0m.
3900533990L ¥ ™30l (F Lsobgm®dsgom 56 P FoMdo 00@Hgool) gobdogwrmdsdo
Bgwo, dd@EYgwo doyshgdols sObolsmzol dogzol 3m9n303096GH0 0mZ3Egds
09©030350. 80000  FYobogmo  Lobo-bAsMBOL  MIBIBIOIEMDS

530b603dbmo OMAMOS ¥ &' =

12
lal‘;\';ol =, 80bo Bs8wgsamem 3609369 mds yGOL Ik =

lak,j1°e 0y, j€
E ol o 2w
0 0

. 09 B396 ©sdz90m, MHMB € 35653gBHM0 T9glodsdgds

90¢9350MdSL S POHOM™356 9839JAL, 5906 B396 89a30d0s BoeEg350MBdOL
3098030963900l LT3l  (335¢g05EMBIOL  bMMTseoHgds ghmom. gu

6503653L 035, ™A o930l 3M9R03095EGHIO0 GOl FMEILOMGINO OHMYMEO3

©59MY3000989wo, Lodg@momwo, 3m33gduMo, gombol  Qebsfowgdol
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dJmbg, 990mbgz9g30m0 (335900, LydMsm byarmgzsbo 360dzbgermdom s Y2

(339905 MBOM.

3.3 3OmGHM3mmobl s¢figcs

B3b @obgobomogm  Mlogbm  BoFMH  Jugwl N 3mM39MHO3E0ME0
dmdbdomgdom  ©@s  ghmo  BS-om.  sbowo  3m@Mo  3:mm396o300L
36OMGM3Mmo  3M3smd  J909a650605. 30603900 BIBOL  gobTogErmdsdo
000MYMo  Ggedobowo  2oslggd  F 30BHosb  8Mgodls  dobogol
399gMBOE0  MOMMYMbIWMGO sGboL LsdMswgdom, 9999y BS s Lbgs
350@bomMmo  MT-d0 (300wmdb  domgdMmwo  xMmgodol  ©93MPOMmYdL.
000MJMo  BMgodo  dgo3ogb CRC 3963 d0GHqoL, Gomsg  dmfdgds
300900 g3Mgodol Lobim®g. o 0g4olbdgds, GMmd 35653 LEobgMOIszoM
00GJOL ©59F5BHYds Fo6Mdo F9dmfidgdol do@gdo (CRC), begds dobo oxgmsizos
MBogMMbMgdol doBbom. gbws, vy BS (oMmBs@gdmwso sbgbl yzgws
A9M30b5c0oloasb dowgdmo BM90dgdol ©Y3MEOMYISL, d5dob ogo gHomo
03Ol LSO gdOm  395Mbom  5BHYMdOBIOL  yzgws  GHgMdobowls 0dob
dgLobgd, MM yzgws oo 0ge 93Bogbowo gmgodo oMo drws sGol
300900 O 49S(39doL FgMMmg 3oDBO 5MOM bmEME0YE©Ids. 0dEolbdgds,
O™ M3950bom 9OHMO B0GHO os03g3d VIO 3OO LobJsMom s 5J

659489395030 53  doGOL  FgaEMIs MY GIJYMBoos.  Fobsomdgy
d9dmbgg35do 0fygds dgmmg 53sbs. dgmMg BsBsdo mommgeo j MT Jdbols

Om3l, MmIgeros d9agds N J390em30Lsgeb  (mommgmmo  J390em3o
390393L F d0@L) 9999650650 o) MT j Limeo sbgbl 7 &gmdobserols

B0l ©93OOYOL, 85306 0go I J3RW™IBo sMd3LABL I FHgBMdobogols
BM90L. Fobsswdwgy 998mbggzsdo j MT 7 439dem3do s>m53badL Lo3 ot
16M9odL.

B5a0momd©,  asbgobowmm N MT-0s60 3mm3gdsgomwo  Jugero.
©M035m, O™ 3060390 GHYMHdobscro LmMo sbgbl 99-2 s dg-3 MT-dob
06900900l ©Y3MEOMYISL  30M39¢ RYBsdo. Fsdob ogo 89-2 o 99-3
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A9M30b5c9d0l BMYoTGOL 2965mo3LgdL dg-2 s d9-3 39039030, bmerm
090U godm, Mmd dg-4 9Mm3obowrols 3MHgodol ©Y3MOMYds IMbEs SOMILHMEMS©,
306390 Ggmdoboswo 99-4 J390cm3do  2obs5mogLgdl  Lo3Mme®  FGgodl.
94390m» 6583969005 306390 FH9gMmdoborols ogh dgmMg Rsbsdo dgddbowro

0 3900.
1-¢oo MT-ob 09-2 MT-ob d9-3 MT-ob 1-cwo MT-ob
aMgodo 3Mgodo }Mgodo }Mgodo

©)
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o 1-cwo MT-ob o 89-2 MT-ob wo 39-3 MT-ob o 1-¢ewo MT-ol
x3M90do x36M90do xMgodo x36M90do
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Bob. 3.8 (5) 306390 MT-ob og® Igmeg 3BT 53930 derm3o, (0) BS-ob
3096 39mEg BsHT0 93900 dEM3O (5)-b Fglodsdols.

05300056 00mMmgo jMT 5390L Nx<F 30056 derm3l (mommgwmwo g6godo
09903936 F d0@3l), 9989y 030 3o9m0ygbgdl (n, K = N X F,df) Lob@gdsdw®
396O8MOH0MgdM Hzg3s® 3MEL [31] 0doLomzol, M dmobobml d9ddbowo
B30l 3moMgds s J00Mmb dglisdsdolo P F56do do@gdo (P=n-K), Loss n
@ K 560l LOwmwo 3mmco Lbodyzolb LoaMdg ©s dwm3zdo Y39
L50bBMOB530M B0GJOOL MMEIBMdS TBsdToBS, df 30 5L JTMYgbgdIE o
3ol msz30LvRsco  39dobaol dsbdoero  (0gmeolbdgds, Mmd bggzswo
30©9M0oL d9domds ygds 85906, GmEaLsg 3MEIMOL 439ews dOEO0 FoOIOL
Bmmgsb 9MoMgmdsdo). 999y 39mMg 3sBsdo j MT gosl3gdl dbmermo
P 3563 30@90L, Loog P sMol 4530900 bogargdo 3006 F . dgbsdsdolo
3039653006 ©™bg (oblobrzMmeo (3.19)-do) 0dbgds 50%-byg gogowgdom
Bogargdo.

05659 5300960, MmO 0ygbgdl BS dgmeg 35Bol FoMd d0@Egdl 306039
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B396 Ldgdsdo BS-8s ozol mommgmero jMT-mg0l Gmdgero 3s@@bommo MT-ob
1M9godo sMHoL LBHmMs© ©93mocgdwo j MT-ol dogh 306390 3sBsdo.
35250MO© ©IMIZ5m, OMI mommgo j MT BS-b gosbigdl N-1 do@U,
Iol B3P gdoms3 BS 20bLsbP3®m3L 300390 BsBol 0d gMYOodHdL,
OMIoLmMZ0LSE J9TMoMZgds P Fodmdo do@o (009 300l 360dzbgermds
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