
LUND UNIVERSITY

PO Box 117
221 00 Lund
+46 46-222 00 00

Some aspects on the design of low-rate turbo codes

Leanderson, Carl Fredrik; Hokfelt, Johan; Edfors, Ove; Maseng, Torleiv

Published in:
Proc. Nordic Radio Symposium

2001

Link to publication

Citation for published version (APA):
Leanderson, C. F., Hokfelt, J., Edfors, O., & Maseng, T. (2001). Some aspects on the design of low-rate turbo
codes. In Proc. Nordic Radio Symposium

Total number of authors:
4

General rights
Unless other specific re-use rights are stated the following general rights apply:
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors
and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.
 • Users may download and print one copy of any publication from the public portal for the purpose of private study
or research.
 • You may not further distribute the material or use it for any profit-making activity or commercial gain
 • You may freely distribute the URL identifying the publication in the public portal

Read more about Creative commons licenses: https://creativecommons.org/licenses/
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove
access to the work immediately and investigate your claim.

https://portal.research.lu.se/en/publications/69f29637-d154-4b01-8768-0da85912e635


Vrph Dvshfwv rq wkh Ghvljq ri Orz0Udwh Wxuer Frghv

Fduo Iuhguln Ohdqghuvrq/ Mrkdq Krnihow/ Ryh Hgiruv dqg Wruohly Pdvhqj
Ghsduwphqw ri Dssolhg Hohfwurqlfv/ Oxqg Xqlyhuvlw|/ VH0554 33 OXQG/ Vzhghq

H0pdlo= FduobIuhguln1OhdqghuvrqCwgh1owk1vh

DEVWUDFW

Lq wklv sdshu zh vwxg| wkh ghvljq ri orz0udwh Wxuer
frghv h!flhqw dw yhu| orz vljqdo0wr0qrlvh udwlrv +VQUv,1
Wkh dowhuqdwlyh wr xvh orz0udwh frpsrqhqw frghv zkhuh
uhshdwhg xvh ri vrph jhqhudwru sro|qrpldov lv doorzhg
lv frpsduhg wr wkh fdvh zkhq frpsrqhqw frgh jhq0
hudwru sro|qrpldov duh uhvwulfwhg wr eh xqltxh1 Lw lv
revhuyhg wkdw fruuhodwlrq ehwzhhq wkh h{wulqvlf lqiru0
pdwlrq ri frqvhfxwlyho| wudqvplwwhg elwv/ zklfk kdv
d qhjdwlyh lpsdfw rq wkh shuirupdqfh ri wkh lwhud0
wlyh Wxuer ghfrglqj dojrulwkp/ lv kljkhu iru frpsr0
qhqw frghv zlwk uhshdwhg jhqhudwru sro|qrpldov wkdq
iru frpsrqhqw frghv zlwk xqltxh jhqhudwru sro|qrpl0
dov1 Lw lv frqfoxghg wkdw fruuhodwlrq ri wkh h{wulqvlf
lqirupdwlrq vkrxog eh frqvlghuhg dv d frpsohphqw wr
glvwdqfh fulwhuld lq rughu wr lghqwli| frpsrqhqw frghv
wkdw |lhog h!flhqw orz0udwh wxuer frghv lq wkh uhjlrq
ri yhu| orz VQUv1

LQWURGXFWLRQ

Wxuer frghv ^4`/ jrrg iru uhodwlyho| kljk vljqdo0wr0qrlvh
udwlrv +VQUv, fdq eh ghulyhg iru d zlgh udqjh ri frgh
udwhv xvlqj frpsrqhqw frgh vhdufk fulwhuld edvhg rq
glvwdqfh dujxphqwv ^5/ 6`1 Krzhyhu/ iru wkh dgglwlyh
zklwh jdxvvldq qrlvh +DZJQ, fkdqqho/ lq wkh uhjlrq
ri VQUv zkhuh Wxuer frghv duh prvw h!flhqw/ glv0
wdqfh fulwhuld gr qrw dozd|v surgxfh wkh prvw srzhuixo
Wxuer frghv1 Iru lqvwdqfh/ zkhq orz0udwh frpsrqhqw
hqfrghuv duh rewdlqhg e| uhshdwhg xvh ri jhqhudwru
sro|qrpldov jrrg glvwdqfh surshuwlhv fdq eh dfklhyhg
exw/ lq jhqhudo/ frpsrqhqw frghv zkhuh wkh jhqhudwru
sro|qrpldov duh uhvwulfwhg wr eh xqltxh |lhog ehwwhu
shuirupdqfh lq wkh zdwhuidoo uhjlrq ri VQU ^9/ 6`/ fi
Iljxuh 41 Lq rughu wr �qg d ghvljq phwkrgrorj| iru
orz0udwh Wxuer frghv zlwk kljk shuirupdqfh dw yhu|
orz VQUv wkhuh lv d qhhg wr h{whqg wkh suhylrxvo| sur0
srvhg glvwdqfh edvhg fulwhuld1
Lq wklv sdshu zh dgrsw wkuhh gl�huhqw shuvshfwlyhv rq

wkh ghvljq ri orz0udwh Wxuer frghv= 4, glvwdqfh surs0
huwlhv/ 5, h{wulqvlf lqirupdwlrq wudqvihu +HLW, fkdudf0
whulvwlfv dqg 6, fruuhodwlrq ri wkh h{wulqvlf lqirupdwlrq1
Wkh wdqjhqwldo vskhuh erxqg ^7` lv xvhg wr ghulyh xs0
shu erxqgv rq wkh pd{lpxp olnholkrrg +PO, ghfrglqj
shuirupdqfh ri gl�huhqw Wxuer frghv zlwk udqgrp lq0
whuohdyhuv1 Wkh xsshu olplwv rq wkh PO0ghfrglqj shu0
irupdqfhv surylghg e| wkh wdqjhqwldo vskhuh erxqgv
lqglfdwh wkdw wkh ehvw PO0ghfrglqj shuirupdqfh lq wkh
zkroh udqjh ri VQUv lv dfklhyhg zlwk frpsrqhqw frghv
gh�qhg e| uhshdwhg jhqhudwru sro|qrpldov1 Krzhyhu/
wkh lwhudwlyh ghfrglqj dojrulwkp ri Wxuer frghv lv qrw
PO0ghfrglqj dqg wkhuhiruh wkhvh uhvxowv vkrxog qrw eh

Iljxuh 4= Orz0udwh frpsrqhqw hqfrghu zlwk uhshdwhg
xvh ri jhqhudwru sro|qrpldo 4:;1

wdnhq wrr idu1
Wkh dssolfdwlrq ri HLW dqdo|vlv ^8` lqglfdwhv wkdw lw

rffxuv d orvv ri pxwxdo lqirupdwlrq ehwzhhq wkh wudqv0
plwwhg elw dqg wkh h{wulqvlf ydoxhv/ rxwsxw iurp dq d
srvwhulrul suredelolw| +DSS, ^;` ghfrglqj vwhs/ zkhq
uhshdwhg0 lqvwhdg ri xqltxh jhqhudwru sro|qrpldov duh
xvhg lq wkh frpsrqhqw hqfrghuv1 Ixuwkhu/ wkh fruuhod0
wlrq ehwzhhq wkh h{wulqvlf lqirupdwlrq ri frqvhfxwlyho|
wudqvplwwhg elwv lv revhuyhg wr eh kljkhu iru frghv zlwk
uhshwlwlrq ri jhqhudwru sro|qrpldov1
Fruuhodwlrq ehwzhhq wkh h{wulqvlf lqirupdwlrq ri frq0

vhfxwlyho| wudqvplwwhg elwv ylrodwhv wkh dvvxpswlrq ri
lqghshqghqw d sulrul lqirupdwlrq lqkhuhqw lq wkh Wxuer
ghfrglqj dojrulwkp1 Wklv lv wdnhq dv dq h{sodqdwlrq wr
wkh shuirupdqfh ghjudgdwlrq dulvlqj lq wkh zdwhuidoo
uhjlrq ri VQUv zkhq xvlqj uhshdwhg jhqhudwru sro|qr0
pldov lq wkh frpsrqhqw frghv1

GLVWDQFH FULWHULD

Zh frqvlghu d Wxuer hqfrghu vwuxfwxuh zlwk wzr
frpsrqhqw hqfrghuv dqg dq lqwhuphgldwh lqwhuohdyhu1
Zkloh prvw suhylrxv zrun kdv ehhq irfxvhg rq orz
elw0huuru udwhv +EHUv, lq wkh huuru0 rru uhjlrq ^9/ 5`/
zh irfxv rq wkh iudph0huuru udwh +IHU, lq wkh zdwhuidoo
uhjlrq1 Lq ^6` lw zdv vxjjhvwhg wkdw frghv vxlwdeoh iru
wkhvh uhtxluhphqwv vkrxog eh qrq0v|vwhpdwlf zlwk qr
uhshwlwlrq ri jhqhudwru sro|qrpldov1 Lw zdv vhhq wkdw
wkh plqlpxp glvwdqfhv fruuhvsrqglqj wr orz0zhljkw lq0
sxw vhtxhqfhv/ fi Wdeoh 4/ glg qrw ghwhuplqh wkh shuiru0
pdqfh lq wkh zdwhuidoo uhjlrq1 Dq lpsruwdqw surshuw|
iru wklv uhjlrq ri VQUv zdv udwkhu wkh pxowlsolflw| ri
wkh odujhu glvwdqfh frghzrugv1
Xqghu PO0ghfrglqj wkh ehvw dv|pswrwlf IHU shu0

irupdqfh lv rewdlqhg xvlqj wkh frpsrqhqw frghv zlwk
wkh ehvw zhljkw glvwulexwlrq surshuwlhv/ l1h1 wkh frpsr0
qhqw frghv zlwk uhshdwhg jhqhudwru sro|qrpldov1 Krz0
hyhu/ zlwk orz0udwh Wxuer frghv/ wkh prvw lpsruwdqw
shuirupdqfh lpsuryhphqw lv dfklhyhg ehorz wkh fxw0
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Wdeoh 4= Plqlpxp zhljkw ri frgh vhtxhqfhv dqg wkhlu pxo0
wlsolflwlhv/ E_�c ���/ 2 $ � $ S/ iru frqyroxwlrqdo frghv zlwk
phpru| �/ udwh �*� dqg �*e dqg ihhgedfn sro|qrpldo ��H1
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Iljxuh 5= Erxqgv dqg vlpxodwlrqv iru Wxuer frghv zlwk
lqwhuohdyhu ohqjwk 433 elwv xvlqj wkh frpsrqhqw frghv
lq Wdeoh 41 Iloohg0 dqg zklwh idfhg pdunhuv fruuhvsrqg
wr Wxuer frghv zlwk udqgrp0 dqg fruuhodwlrq0ghvljqhg
lqwhuohdyhuv uhvshfwlyho|1

r� udwh1 Lq rughu wr xsshu erxqg wkh PO0ghfrglqj
shuirupdqfh ri Wxuer frghv zlwk frpsrqhqw frghv df0
fruglqj wr Wdeoh 4/ zh xvh wkh wdqjhqwldo vskhuh erxqg
^7` vlqfh lw/ lq frqwudvw wr wkh xqlrq erxqg/ surylghv d
xvhixo xsshu erxqg rq wkh huuru shuirupdqfh iru PO0
ghfrglqj dovr ehorz wkh fxw0r� udwh ri wkh fkdqqho1
Gxh wr vsdfh olplwdwlrqv/ wkh htxdwlrqv ri wkh wdqjhq0
wldo vskhuh erxqg zloo qrw eh uhvwdwhg khuh1
Xvlqj wkh orz0udwh frpsrqhqw frghv lq Wdeoh 4 zlwk

xqlirup lqwhuohdyhu ri eorfnvl}h 433 elwv zh rewdlq udwh
4@9 dqg udwh 4@; Wxuer frghv zlwk shuirupdqfh erxqgv
dffruglqj wr Iljxuh 51
Iru udwh 4@6 frpsrqhqw frghv/ frgh D uhvxowv lq wkh

orzhvw erxqg rq wkh IHU shuirupdqfh ehorz 4=8 gE1
Krzhyhu/ dv|pswrwlfdoo|/ frpsrqhqw frgh E/ kdylqj
wkh ehvw plqlpxp glvwdqfh surshuwlhv dffruglqj wr Wd0
eoh 4/ |lhogv wkh ehvw PO0shuirupdqfh1 Vlplodu revhu0
ydwlrqv duh pdgh iru wkh udwh 4@7 frpsrqhqw frghv F
dqgG1 Dffruglqjo|/ vlpxodwlrq uhvxowv iru Wxuer frghv
zlwk udqgrp0 dv zhoo dv fruuhodwlrq0ghvljqhg ^:` lqwhu0
ohdyhuv lqglfdwh wkdw wkh xvh ri frpsrqhqw frghv zlwk
uhshdwhg jhqhudwru sro|qrpldov/ kdylqj wkh ehvw plq0
lpxp glvwdqfh surshuwlhv/ jlyhv dv|pswrwlfdoo| jrrg
shuirupdqfh1 Krzhyhu/ wkhuh lv d odujh uhjlrq ri VQUv
ri sudfwlfdo lqwhuhvw zkhuh lw lv srvvleoh wr lpsuryh wkh
IHU shuirupdqfh fkrrvlqj frpsrqhqw frghv gh�qhg
e| xqltxh0 lqvwhdg ri uhshdwhg jhqhudwru sro|qrpldov1

Lq Iljxuh 5/ vlpxodwlrqv ri d Wxuer frgh xvlqj frp0
srqhqw frgh G/ zlwk jrrg glvwdqfh surshuwlhv exw uh0
shdwhg jhqhudwru sro|qrpldov/ |lhog zruvh shuirupdqfh
xs wr 5=8 gE lq vslwh ri wkh idfw wkdw wkh xsshu erxqg
lqglfdwhv wkh rssrvlwh uhodwlrq1 Gxh wr wklv lqfrqvlv0
whqf| wkhuh lv d qhhg iru d prgl�hg ghvljq fulwhulrq1

LWHUDWLYH GHFRGLQJ LVVXHV

Wkh prgl�hg EFMU dojrulwkp Wkh v|perozlvh
orj0olnholkrrg udwlr �

+n,
w ri wkh wwk rxwsxw dw wkh nwk

ghfrglqj vwhs iurp d prgl�hg EFMU ghfrghu ^;` iru d
qrq0v|vwhpdwlf Wxuer frgh lv fdofxodwhg dffruglqj wr
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Qrwh wkdw wkh ydoxhv ri O+n,
d fruuhvsrqg wr wkh lqwhu0

ohdyhg ydoxhv ri O+n�4,
h =

H{wulqvlf Lqirupdwlrq Wudqvihu Lq ^8`/ d wrro iru
suhglfwlrq ri wkh frqyhujhqfh ri wkh lwhudwlyh ghfrglqj
surfhvv ri Wxuer frghv zdv suhvhqwhg1 Wkh phwkrgro0
rj| uholhv rq wkh dvvxpswlrq ri d odujh lqwhuohdyhu zklfk
nhhsv wkh d sulrul lqirupdwlrq ydoxhv uhodwlyho| xqfru0
uhodwhg iurp wkhlu uhvshfwlyh fkdqqho ydoxhv gxulqj wkh
ghfrglqj lwhudwlrqv1 Wklv dvvxpswlrq doorzv olplwdwlrq
ri wkh dqdo|vlv wr d vwxg| ri wkh uhodwlrq ehwzhhq wkh d
sulrul ydoxhv dqg wkh h{wulqvlf ydoxhv ri vlqjoh ghfrglqj
vwhsv1
Wkh ghfrglqj surfhvv lv ghvfulehg lq whupv ri wkh

ghyhorsphqw ri wkh lqirupdwlrq frqwhqw ri wkh h{wulq0
vlf ydoxhv/ O+n,

h>w / dorqj zlwk dq lqfuhdvlqj qxpehu ri
ghfrglqj vwhsv n1 Lq Iljxuh 6/ wkh ydoxhv ri wkh px0
wxdo lqirupdwlrq/ L+O+n,d>w >[,/ ehwzhhq wkh d sulrul ydo0

xhv/ O+n,
d>w / dw wkh lqsxw ri dq d DSS ghfrghu dqg wkh



Iljxuh 6= H{wulqvlf lqirupdwlrq wudqvihu +HLW, fkduw
h{dpsoh1 Lwhudwlrqv frqyhujh dv orqj dv wkhuh lv dq
rshq fkdqqho lq wkh HLW fkduw/ wkdw lv/ dv orqj dv wkhuh
lv dq lpsuryhphqw lq pxwxdo lqirupdwlrq frqwhqw ri
wkh h{wulqvlf lqirupdwlrq diwhu hdfk ghfrglqj vwhs1

wudqvplwwhg elwv [ duh jlyhq dorqj wkh {0d{lv1 Iru wkh
fdvh ri dq DZJQ fkdqqho/ wkh fruuhvsrqglqj pxwxdo
lqirupdwlrqv/ L+O+n,h>w >[,/ ehwzhhq wkh h{wulqvlf ydoxhv/

O
+n,
h>w / dw wkh rxwsxw ri wkh DSS ghfrghu dqg wkh wudqv0

plwwhg elwv [ duh jlyhq dorqj wkh |0d{lv1 Doo srvvl0
eoh ydoxhv ri wkh pxwxdo lqirupdwlrq sdluv ^L+O+n,

d>w >[,>

L+O
+n,
h>w >[,` frqvwlwxwh dq h{wulqvlf lqirupdwlrq wudqvihu

+HLW, fkduw1
Li wkh HLW fkduw iroorzv wkh gldjrqdo/ qr lqirupdwlrq

derxw wkh wudqvplwwhg elwv/ [/ dgglwlrqdo wr wkdw frq0
wdlqhg lq wkh d sulrul ydoxhv/ O+n,

d>w / lv jdlqhg gxulqj dq
DSS ghfrglqj vwhs1 Dv orqj dv wkh HLW wudmhfwru| grhv
qrw lqwhuvhfw zlwk wkh gldjrqdo wkh pxwxdo lqirupdwlrq
ri wkh h{wulqvlf ydoxhv lv uh�qhg lq hdfk ghfrglqj vwhs
dqg frqyhujhqw ehkdylru lv srvvleoh1 Lq Iljxuh 6/ wkh
HLW wudmhfwru| lv pluuruhg lq wkh gldjrqdo wr uh hfw wkh
idfw wkdw wkh h{wulqvlf ydoxhv ri rqh ghfrglqj vwhs zloo
eh ihg dv d sulrul ydoxhv wr wkh rwkhu ghfrghu1 Iru orz
VQUv/ zkhq frqyhujhqfh lv prvw xqfhuwdlq/ d frpsr0
qhqw frgh zlwk jrrg HLW fkdudfwhulvwlfv kdv odujh vhs0
dudwlrq ehwzhhq wkh xsshu dqg orzhu HLW wudmhfwrulhv1
Li wkh HLW wudmhfwru| frlqflghv zlwk wkh gldjrqdo/ wkh
Wxuer ghfrglqj dojrulwkp grhv qrw frqyhujh xqghu wkh
deryh dvvxpswlrqv1
Lq Iljxuh 7 lw lv vkrzq wkdw wkh frpsrqhqw frgh G/

xvlqj uhshdwhg jhqhudwru sro|qrpldov kdv zruvh HLW
fkdudfwhulvwlfv wkdq wkh frpsrqhqw frgh F zlwk xqltxh
jhqhudwru sro|qrpldov dqg lw lv dujxhg wkdw wklv wudqv0
odwhv lqwr zruvh shuirupdqfh ri wkh lwhudwlyh ghfrglqj
surfhvv1 Lqwhuhvwlqjo|/ zh kdyh qrwhg wkdw lw lv srvvleoh
wr rewdlq ixuwkhu lpsuryhg HLW fkdudfwhulvwlfv xvlqj
orz0udwh frpsrqhqw frghv zlwk qrq0sulplwlyh ihhgedfn
sro|qrpldov/ vxfk dv iru lqvwdqfh 4:; lq d udwh 4@7 frp0
srqhqw hqfrghu zlwk phpru| 61

Fruuhodwlrq ri H{wulqvlf Lqirupdwlrq Vlqfh wkh
vwdwh phwulf �+n,w +p, lq +6, lv gh�qhg iru d phpru|ohvv
fkdqqho/ wkh d sulrul ydoxhv/ O+n,d>w / duh uhtxluhg wr eh lq0

ghshqghqw ^<`1 Ixuwkhu wkh d sulrul ydoxh/ O+n,
d>w / vkrxog
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Iljxuh 7= H{wulqvlf lqirupdwlrq wudqvihu fkduw ri wxuer
frgh frpsrqhqw frghv zlwk udwh 4@7 dw �3=8 gE VQU
dqg eorfnohqjwk 4333 elwv1

eh lqghshqghqw ri wkh fkdqqho ydoxh |w dw wlph w1 Vlqfh
wkh d sulrul ydoxhv duh rewdlqhg e| lqwhuohdylqj wkh h{0
wulqvlf ydoxhv/ fruuhodwlrq ehwzhhq wkh h{wulqvlf ydoxhv
fdxvhv fruuhodwlrq ehwzhhq wkh d sulrul ydoxhv zklfk
pdnhv wkh lwhudwlyh dojrulwkp ghvfulehg lq +4, vxerswl0
pxp1 Dq lpsruwdqw wdvn ri wkh Wxuer frgh lqwhuohdyhu
lv wkhuhiruh wr shupxwh wkh fruuhodwhg h{wulqvlf ydoxhv
lq vxfk d zd| wkdw wkh| dsshdu xqfruuhodwhg zkhq xvhg
dv d sulrul ydoxhv dw wkh vxffhhglqj ghfrghu ^:`1 Dgrsw0
lqj wkh dvvxpswlrq ri d odujh lqwhuohdyhu/ pdgh lq wkh
suhylrxv vhfwlrq/ zh kdyh lqyhvwljdwhg wklv fruuhodwlrq
iru frpsrqhqw frghv zlwk uhshdwhg0 dqg qrq0uhshdwhg
jhqhudwru sro|qrpldov e| hvwlpdwlqj wkh fryduldqfh eh0
wzhhq wkh h{wulqvlf ydoxhv ri gl�huhqw elwv diwhu dq DSS
ghfrglqj vwhs/ fi +8,1 Lq +8,/ wkh h{wulqvlf ydoxh ri wkh
wudqvplwwhg elw dw wkh mwk srvlwlrq lq wkh eorfn/ rxwsxw
iurp wkh nwk ghfrglqj vwhs/ lv ghqrwhg e| O
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Wkh fruuhodwlrq ehwzhhq dgmdfhqw h{wulqvlf ydoxhv lv
ghshqghqw rq wkh phpru|/ wkh ihhgedfn0 dqg wkh ihhg0
iruzdug sro|qrpldov ri wkh frpsrqhqw hqfrghu1 Lq Ilj0
xuh 8/ wkh fruuhodwlrq frh!flhqwv diwhu rqh DSS ghfrg0
lqj/ ri d 4333 elw eorfn/ duh sorwwhg iru gl�huhqw frpsr0
qhqw frghv jlyhq wkdw wkh pxwxdo lqirupdwlrq ehwzhhq
wkh d sulrul ydoxhv dqg wkh wudqvplwwhg elwv/ L+O+n,d >[,/
gh�qhg lq ^8`/ lv htxdo wr 3=881 Wklv fruuhvsrqgv wr
wkh uhjlrq ri pxwxdo lqirupdwlrq frqwhqw lq wkh d sul0
rul ydoxhv zkhuh wkh HLW wudmhfwrulhv duh prvw qduurz
dqg frqyhujhqfh vkrxog eh prvw olnho| wr fhdvh1 Zkhq
glvwlqfw jhqhudwru sro|qrpldov duh xvhg/ wkh fruuhod0
wlrq ghfuhdvhv zlwk wkh ghfuhdvlqj frgh udwh1 Krzhyhu
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Iljxuh 8= Fruuhodwlrq ri h{wulqvlf ydoxhv diwhu rqh
DSS ghfrglqj vwhs iru gl�huhqw frpsrqhqw hqfrghuv1
Wkh h{wulqvlf ydoxhv duh vhsdudwhg e| p wuhoolv vwhsv/
He@Q3 lv htxdo wr 4=3 gE dqg wkh pxwxdo lqirupdwlrq
L+O

+n,
d >[, htxdov 3=881

Jhqhudwruv Glvwdqfh Pxowlsolflw| +Qg,
j4/j5/111/jq Q3 Q4 Q5 Q6 Q7

D 4:;/48;/44; 4 9 9 5 0
E 4:;/4:;/48; 6 7 7 7
F 4:;/49;/48;/44; 0 7 9 7 4
G 4:;/4:;/48;/44; 4 7 7 7 5

Wdeoh 5= Glvwdqfh vshfwud ri wudqvlwlrq odehov

zkhq wkh frgh udwh lv ghfuhdvhg e| uhshwlwlrq ri jhqhu0
dwru sro|qrpldov wkh fruuhodwlrq lqvwhdg lqfuhdvhv/ dv
looxvwudwhg lq Iljxuh 81
Iru orz VQUv wkh fruuhodwlrq ehwzhhq wkh h{wulq0

vlf ydoxhv dsshduv wr kdyh d vljql�fdqw lpsdfw rq wkh
Wxuer ghfrglqj shuirupdqfh1 Kljkhu fruuhodwlrq eh0
wzhhq wkh h{wulqvlf ydoxhv lq frpelqdwlrq zlwk vkruw0
ohqjwk lqwhuohdylqj zrxog ghjudgh wkh shuirupdqfh ri
wkh Wxuer ghfrglqj dojrulwkp gh�qhg e| +4, vlqfh lw
lpsolflwo| dvvxphv lqghshqghqw d sulrul ydoxhv1 Lq Wd0
eoh 5/ wkh glvwulexwlrqv ri Kdpplqj glvwdqfhv ehwzhhq
wkh wudqvlwlrq odehov duh olvwhg iru gl�huhqw frpsrqhqw
hqfrghuv1 Wkh frpsrqhqw frghv zlwk uhshdwhg jhq0
hudwru sro|qrpldov duh vhhq wr kdyh vpdoohu plqlpxp
glvwdqfh ehwzhhq wkh wudqvlwlrqv odehov ru kljkhu pxo0
wlsolflw| ri wkh wudqvlwlrq odeho plqlpxp glvwdqfh1 Lq
jhqhudo/ zh kdyh qrwhg wkdw wkh fruuhodwlrq ghfuhdvhv
zkhq wkh glvwdqfhv ehwzhhq wkh wuhoolv wudqvlwlrqv lq0
fuhdvhv1 Li wklv glvwdqfh lv odujh/ lw lv uhdvrqdeoh wkdw
wkh fruuhodwlrq ehwzhhq h{wulqvlf ydoxhv fruuhvsrqg0
lqj wr frqvhfxwlyho| wudqvplwwhg elwv vkrxog eh vpdoohu
vlqfh kljk wuhoolv wudqvlwlrq glvwdqfh uhgxfhv wkh lpsdfw
ri wkh phpru| lq wkh frgh1

FRQFOXVLRQV

Zh kdyh vwxglhg gl�huhqw w|shv ri frpsrqhqw frghv lq
orz0udwh Wxuer frghv xvlqj uhshdwhg dqg qrq0uhshdwhg

jhqhudwru sro|qrpldov1 Lw lv vhhq wkdw vxshulru glvwdqfh
surshuwlhv fdq eh rewdlqhg xvlqj uhshdwhg jhqhudwru
sro|qrpldov1 Krzhyhu/ vlpxodwlrqv vkrz wkdw uhshwl0
wlrq jlyhv ulvh wr shuirupdqfh orvvhv lq wkh zdwhuidoo
uhjlrq ri VQUv1 Xvlqj h{wulqvlf lqirupdwlrq wudqvihu
dqdo|vlv lw lv dujxhg wkdw wkh frqyhujhqfh ri wkh lwhu0
dwlyh ghfrglqj lv ghjudghg dw orz VQUv zkhq frpsr0
qhqw frghv xvlqj uhshdwhg jhqhudwru sro|qrpldov duh
xvhg1 Ixuwkhu/ lw lv revhuyhg wkdw wkh fruuhodwlrq ri
wkh h{wulqvlf ydoxhv lv kljkhu iru frpsrqhqw frghv zlwk
uhshdwhg jhqhudwru sro|qrpldov1 Lghdoo|/ wkh h{wulqvlf
ydoxhv vkrxog eh lqghshqghqw zkhq xvhg dv d sulrul
ydoxhv lq wkh vxffhhglqj ghfrglqj vwhs1 Lw lv wkhuhiruh
lqihuuhg wkdw dq lqfuhdvh ri fruuhodwlrq ehwzhhq wkh h{0
wulqvlf ydoxhv kdv d qhjdwlyh h�hfw rq wkh lwhudwlyh gh0
frglqj ri wkh Wxuer frgh1

Uhihuhqfhv
^4` F1 Ehuurx dqg D1 Jodylhx{/ �Qhdu Rswlpxp Huuru

Fruuhfwlqj Frglqj dqg Ghfrglqj= Wxuer Frghv�/
LHHH Wudqvdfwlrqv rq Frppxqlfdwlrqv/ yro1 77
+43,/ ss1 4594045:4/ Rfw1/ 4<<91

^5` V1 Ehqhghwwr/ U1 Jduhoor dqg J1 Prqwruvl/ �D
Vhdufk iru Jrrg Frqyroxwlrqdo Frghv wr eh xvhg
lq wkh Frqvwuxfwlrq ri Wxuer Frghv�/ LHHH Wudqv0
dfwlrqv rq Frppxqlfdwlrqv/ 79 +<,/ ss1 443404438/
Vhs1/ 4<<;1

^6` F1 I1 Ohdqghuvrq/ M1 Krnihow/ R1 Hgiruv dqg W1
Pdvhqj/ �Rq wkh Ghvljq ri Orz Udwh Wxuer
Frghv�/ Lq Surf1 Yhklfxodu Whfkqrorj| Frqihuhqfh/
Wrn|r/ Pd|/ 53331

^7` J1 Srow|uhy/ �Erxqgv rq wkh Ghfrglqj Huuru Sure0
delolw| ri Elqdu| Olqhdu Frghv yld wkhlu Vshfwud�/
LHHH Wudqvdfwlrqv rq Lqirupdwlrq Wkhru|/ yro1 73
+7,/ ss1 45;7045<5/ Mxo1 4<<71

^8` V1 Whq Eulqn/ �Lwhudwlyh Ghfrglqj Wudmhfwrulhv
ri Sdudooho Frqfdwhqdwhg Frghv�/ Lq Surf1 6ug
LHHH2LWJ Frqihuhqfh rq Vrxufh dqg Fkdqqho
Frglqj/ Pxqlfk/ Jhupdq|/ Mdq1/ 53331

^9` G1 Glyvdodu dqg U1 M1 PfHolhfh/ �H�hfwlyh Iuhh Glv0
wdqfh ri Wxuer Frghv�/ Hohfwurqlfv Ohwwhuv/ yro1 65
+8,/ ss1 7780779/ Ihe1/ 4<<91

^:` M1 Krnihow/ R1 Hgiruv dqg W1 Pdvhqj/ �D Wxuer
Frgh Lqwhuohdyhu Ghvljq Fulwhulrq Edvhg rq wkh
Shuirupdqfh ri Lwhudwlyh Ghfrglqj�/ LHHH Frp0
pxqlfdwlrqv Ohwwhuv1 yro1 7 +8,/ Pd|/ 53331

^;` O1 U1 Edko/ M1 Frfnh/ I1 Mholqhn dqg M1 Udyly/
�Rswlpdo Ghfrglqj ri Olqhdu Frghv iru plqlpl}lqj
V|pero Huuru Udwh�/ LHHH Wudqv1 Lqirup1 Wkhru|/
yro1 LW053/ ss1 5;705;:/ Pdu1 4<:71

^<` S1 Wklwlpdmvklpd/ �Uhfxuvlyh V|vwhpdwlf Frqyrox0
wlrqdo Frghv dqg wkhlu Dssolfdwlrq wr Sdudooho Frq0
fdwhqdwlrq�/ o*Xqlyhuvlwì gh Euhwdjqh Rfflghqwdoh/
Ghf1/ 4<<61


