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Multi-Objective Generalized Linear Bandits

Shiyin Lu!, Guanghui Wang'!, Yao Hu? 3 d Lijun Zhang'
1Na11a1ch“Lab ra, i XrN &S }':VarcTeézI l.’.'4,,Nau ¢ Ui &;4,7N2H ¥ 210023, G g a
2y | ;g CY) 5 &a di,d¥ o, Lab, Aljbaba Ge TBeﬁﬁé 100102, cmﬁ a
& qj’ a%le , nd ) } @l day) . ed G .42 @aﬂbaba—ﬁ c.ch

Abstract S anerF ah e lelag diY a¥i. @ ake yyble)
&Bélﬁb 4/ i1 aIfl
N AR et Bl Wyet gt hecg ey di, £ A o rd
Nl I 4 @'q;l 1MABA§ b i -
(Moa]ff"‘l ,blé‘ “de“afafle”hf raw“li*d/““f amc@fa;‘d s(MOMAB)I.-;u.,MbnfSrJq qu“:cr
1 & ,.a{}a, er ece; evare ard e 12013, " o v . ) o L
CI&) ih ecg &4 MOBR a 1% de ecekcvcrar . q 15 1_;-
w [ dherha1 sc, r y jead ta caar a Pt ea
mcail say agedavy g e E
reehhqda g d &~rx'f £.Q pope llerq  ah sare ¢ Haared ace rdyf e rd‘e'f bcr
b d ctv“cl o L ‘& A ey ‘cﬁ‘narrcfardeerqup rfam&b ere ardy
adp blaeica, 1 Al L Ciy » ah vare called P
cdalima ,‘)'pa J.' mdep&earl 715 - arey: M fess a‘f Pa (a4 I?G‘ are-c are;
e I ,75;'1 ed byt ¢ (€t e & ah s e ¢ Yo sk oPas 1o, Fe
A }q dardbr egic s xp e-Pace, r¥re, ri® hieat cr&p ec 5
ﬁs ua,T. Pty F xﬂ'na;l,‘ cvauc;ac v TN el
arty ‘P acl &, se rqdau epeie M?dgb'b& oq poic ad g&earlerqdpa 1P°*
‘ Pare Teasreeiy de ed nph s
3 8 1y A I A A l
W&ad‘ PC—I by 1Pafe Ere; 31 e Lad “’CPC are~ e e q? >~4’ ccat EHGE 4 i
| 4 '51‘ Pare, e ol ati sba wd ) b% be a ,b&
P&earlefl.\—eqchchddcfe&“al & lé I 2 <b P ‘“ a
7 By ifhﬁf‘;ﬁ\ij Tncr&w“,a‘;dea E By T irﬂ lla)rl &“ﬁla }"41 ca arc—\ q)ea‘ Y'a[jl
N iy (p ey e NS x \ &}¢1a& age. qfnal».s; &MOMABf 1 ﬁaedbn d
{ A ﬂ X L/‘ ' Mca;l LY+ \ Qd By N| 1 GC &
de‘J—aretncefsbat{l h(b u,etpe .% ‘ rc@fxflngg s(}én &[R
clﬁderccrb Id(UCBL—,Aq ¢y I .
Fhoag, 1;‘c1>are~ 0 ’%zquYI§ d:{al‘&wbj—2012] q p ihqdpe,a e q’,;ed
311'114"21 rqdh @ e e ah 1“1 P&h“ r 'al.wcafl 2 e a“f'uarfl}[ 1 a-
‘A?’f}a&Pareh {F]‘ Tﬁ&f&)calq }"h w ‘;I (GI‘ ﬁ }} CdGC; I lahﬁéACC'!s
re Pé,gl’} ‘rAPh ad je- &v gy O(t\F) &% R }Fﬂ‘& ﬁ b M lerd a1 el "’J—
SR SUL AL RN 20 0]' eie ) redbﬁMOMAE o
PCdfefil te a‘f’sw d&ha(bc&ped ﬁ(”é‘ra‘\&?“ﬁ‘ 1afy g pedeeyy fagy
]‘ A £ ‘A ccvxsTgm JF{ZO]S]@'qdedMOMAB Peh
abresl T 21 feeg wey g gy by d;, s(MOCB). | MOCE
1_4 bieh N erjed er.emq sde) yaep e ©ecy se L& "] by a0 Ay l“f%‘fl
ggen 't ghep d 4 W.e(d Ved" ip e & befrea ¥ ah &zid‘ncre—

arde erece; &y caw £ . d begNad yrib. e -
lccas) demgdyy pecy @’Iﬁqdpc—dn o at . wia;\
¢ 4—[2018]a&§1’;~c41} ‘p eay ech asdasg rig L
"}z e ¥ flag J’ll‘f‘ par acedi 4a cetbe) eq
%4 78! /1 W

1 Introduction
q &earl ¥ def bq di, feedbacis, shm'" o § bmr ?h
¥

Lok de&;lh alg¥ L cesvar; recy, a‘—" am’a)r F \cvbci Gq-PC@’.’eCGdfG- ard&
ar; &‘al-wc ;1 a&g’s asIHC{Lca1 417a15 ad &, ¢ o qde‘k,”“"ﬂ%hk%f‘"\‘ﬁd% ‘fP‘"
A » 4530 p Fpg ik b4 e‘f—
‘oacéxe( g dy & rigr .ﬂ;’f [B Qc{quC&\anm AG Cy & q - 17} %‘—:\I Pffel
2012]. ch‘ax;c % dra};ch. -at ed by dM&(MAB) ‘ f;l,‘ srhgd Boep d ISy g s2014] pcParc

s bles a, cad f Ida earlesﬁr L Yelee v | eatr Erey (por & f;p”lﬂo(- N b&&tp*“k&

J.aﬁ")a,d g ba &arevarddravl fhvat?’edb ‘ Earc ok ¥ dbog 317 n)cb; sath. }ﬁearﬁ.. bq—
iy s babﬁﬁzd }I#bﬁil avsciaed’ ip . \cieced Eal’.'&(m,, p =10) g dr g cer g def‘gpcf'a.l.qc
th.Tncvc-arl “a}xvhﬁh}&pcrérc,‘ 7@;& 1?6{ \ flibfadd‘f’laﬁi

deﬁ,lc{ia&p cfdlneﬁe(ccfbcf eq p }’d A erd acd: 1 T addrc&i‘b,&ié’l ;‘a‘h,‘ cﬂffu).acfp cJ'l., - hee
&earleEqu » cvb&}a[hﬁ r

. A r@h Cy Ty qu Ly eEadjneF% a syl ﬁpdaarah-
de¥yed {r pjhas c#nleed }r;m.-rabaqccbcv eq e,—ﬁ;e:dr AabL S&U’{q‘;l,‘ i@ e asbeg & 4 § dq,

o rag ) g d@d jag) penidg 44N pebeyat by tdiedy ¥ &) Qc{‘ wcy &, 2 by di A, 2002

3080



/ / /
P TV | 4 §oo ¥ 7 i i i nr ok ok
SETIRAL L TS U A A L A R P PR R (S L)

Dj ;- 1—2008] G aeeNen dclpec, &, at-
ac athy a&a’—dfnef Ial ac, 1 equdxr
L } b E! W
p&m@ 1c‘am‘4“)ier epeath b4, . There ad & r

i/-‘g‘aﬁﬁg‘qaﬂ'IVCI"}ﬁ I'e QGc &x"licfaf,g‘f

: 1eacb hecg o5sdra’y ace rdy¥ | p & g eraly edly ear
.~ del [Nelde g d Wedderb. 519721 v @ p
L Z|‘]_:u1(91—r‘)a - 7"'5“

besciﬂrb—ﬁ.cr‘q*&p tp ey q o 1y, 00,0, ate
eer&"hq-.‘lcejﬁc‘ens?dul ..,umarcfﬁlc»
InCiy ¢ W&r&ﬁ pisict. dh 2¥ g bec
£ gl edly car by a, s(MOGLB’B TR gﬁqefai
gdec & ;de{q e&{_&blehsxdna&}(ha};ciear
bq dm[A %, 2002; Dq am=2008]'3 d) 1y & }cha&
fl Gaf ! 4’1'51 . bﬁ ary 1cedbacm-[2n E]g 2g Amm
2016] hchf)ﬁ &ﬁ L('v}l). I &a:cfk &xdq—“ﬁ XI, Cil' g d

P&%},Cm.mf@‘*—ie oy v
T ;T ij'\ Cﬁf} *fm,?
j & a&& Ga’:q'GF ed ﬁeaqu ’!(GLB)ﬁ I‘1, A-

© hee emcerar;sN cfpaala;eJ:au-‘».)i v‘@'}ﬁ
GLB *hjzh LY ‘A-eoﬁc lgeeﬁ ad cﬂl p * Tig be-

ca. i, wg 1a o ‘charci th a ah \pa ak e o
ha’ﬁhalrc wdy piyhec bmbarh sp e fa et
T res! op il bidh cfdcf&’a o & r}ph y & ed

MOGLE- -UCB. Scejficall 3" e ¢ O xa fpe-
ﬁ&N&‘I & C}Jla&I)‘L}'v‘ y ¢ efficig, vg d. as e
}z&‘_l:vefclﬁderc&b dmVicg} ey .g‘q Dl ¥-
3 a‘&Pmez fi,Fh %;ﬁé peah iap {1ed‘w-
§ th fh rqdh."ﬁercﬂcaiqal{}xh xpa;euf.—
‘?Edéﬁ fﬁpl’l q'j 4'}aPareL féf&b Id 10(4\/>)
‘rere~ jApe ien 1qd’ Pcfd;he(h fey -
i b h‘d}n § ea o~

3081



/ /
. 'iML i3 y"-ﬁ‘( *

3.1 Notation
Tr L ., p b, e . \cvrcf ab\cﬂﬂ‘ d p¥ - h,h
diflerq QGC (&, *calars ec, 03 }1;‘ 1 Yad s,
=t ol 48 %) Pcciﬂ"\lfr‘ {a - l:;cc Fra
gir’.‘&’i’tr“&'% N Pdc A g 1}& ee T
po ae | arm,, e & crw 1
%cidiedhafﬁwl i3} a“(;?aed Al
e g dei st an [ = VETAE “We e
BR-_{ %] < b dye caceremdba1 tvra—
dL GA Q' d“;‘ﬁ 6"8—1 deﬁ M,G-Ll a}%" ‘Pegq_
G‘d“ sciy Tdomp, S1; ac) & g W rde-
ﬁ[eda& W[‘T —argmmJewg _‘)ng ) Fy allgd
'“r] _{12 "M’i,}

3.2 Learnlng Model

Wey é Gaxﬂ’la‘d&‘ﬂ‘ﬂl
£54 aedﬁ Bk
Problem Formulatlon

We ey yder peh . di hecg &bq di 4k bl pderpe
GLMrea‘} abi'; Aw,ﬁ; e Ay op e be |
Qc{: eriquCR bcﬂz&a{h e. | car r Id ,a
leay e cc,va ah Lex, ‘w‘qd}qrecejﬁ&a
§ ®agcre ad ec r/teRmcl ;}ﬁi e, Qec,er&
We-assh ecaw » heey &, i¥ qeraedaccrdd | pe
GLM &@Pa‘{r '=1,2,...,u.,,

9 ‘. _ Z‘QT‘
Pr /§|‘t)=ng/t,Tz)eXp (" f (0 t))

beFCT“&Pcdf&ef;I‘,arehcrep Picay [hal) “I

Lerdeﬁ

ir eleay & B dciﬁ -

InCir,, iitacy &1 I,qd-x!aeer 11,
L{‘-‘)‘w‘“ e‘cf{ﬁoeux Le; uz)'zf ’der e 4 -C 16(11 Lo
Cix s P scady Pccl'
é’»ﬂg lee{”I ‘h‘w L,t|‘t]_m(9§;‘
arma Hen ei%vbc«f {pe GLM il s &Lg;‘
del g ere ardg sy ey ey e{01 [Z a
4—2016] q d uj fies
’ %
, 1
Pr(;, =1/%) = ——————5~.
¢ =19 1+exp (—60T%)
A pedlag T by aghe del bévlé , peGLM s
pd—_-ﬂ byt del," n;ch Aesp el fm
Prg =1%= ('
Ve se ()s ;pcrcf. i i yub. gy {1.)‘0£1~ pesa -
dardl I’l d}}f#b 1
1 él,.c‘c . %&&[F}M 2010 JI}(,
2017] eh ax&}q dar?auf{q“ d &
Assumptlonl ﬂ 3 ’; 0 O 4 j».‘ 2 b
Vil :
AssumptlonZ h’, ﬁuly; he Jﬂg,%/;ué‘gﬁr 1,
e X.

Assumpt Lol
LSS%I I;p)l’m: ,[ D D] A/f o ]f q,w—-uk‘ 1“ 4y

(=D,D 1'4( # a0 Jm'lfD'Wu(‘)>%>0‘€

[\

(=D,D) 4 /~L1(L)| <}‘ el
ASSllmpt10n4 ” ge o,é\iﬁ J’j ;/’lv ;‘jﬁ A)[ T { ,”{J'
pil< " ek laly ‘;,‘;ulw’

/
¥ i IS A T | N 7
(VIR S g A fiy ,rl N (I CAI-19)

Performance Metric

Accrdﬁé ) P&‘A’ef}ci {pe GLM, {r g 4Yah
Lex éd;&a"aeeedréyardwa oc, 1+ {
0T 1 O 5 05 € B Wip 2t e,
ab. N I i &der & by Wiy, Wee Haogre dﬂlef-
&4 arh &bfyetr e"—ecedrer adyg dadlmpey gy
Pare v rder.

/ cR™ »‘ v%_ Vﬁ

;A !JH’P’J V'.E

Definition 1 (Pareto order)

o/ 44l /.
‘w V;jz é[m]/a<
. ;,£ 39 4 m/g dg o 74/;/'.%' ﬁr—-u'

rdre ‘
,{Q uﬂutj J ;f)ff.—
!Lﬂ‘é/f ﬂ;;’}W! Ljr e .,
;E ‘,!-.-ed AP P&Parek ~rde£,‘ycch 1~w defy e p o
Pare ‘oﬁf
Definition 2 (Pareto optmiallty) I{G X o ,‘ i
o %y 4 I § ZJHJ ;j
;,?f ; /;4" ;';rf ;}f ,f
X u’ A - _ _
° J ‘;ﬁ‘ ﬁf lt &ijzjjf j;’ 'I,PJJP;# Pyl dmms
o, 7l r
L &clear a, a1 arky '71 P&Pare o aeqy cfﬂ,arablcf[
;z,' ekl% &bq S bl | b e §a dardhegic, bioea-

tiep &c-arl & ':—eﬁ g ceq N w¥ re, defy edasp cvdﬂlef—
erccfbci eq pec I’;

1al ere- ard { &1earle£qd)z a; 3

;&‘? alamﬁ ﬁd Jnﬂyrdec ‘erd&@he‘x;c
. ee;er il %G—P&I +{Pare;

E .;f e oD Y g "*de 0131, % ea e pe

dql&ercebe eerp&ear & ve ardq dp Y ePar@

\lﬁb afr &

Definjtion 3 (Pareto suboptlmallty gap, PSG)

dffw—sijﬁ p ’wi “‘" “ éﬁﬂ Mk
1
y

o ’,i“ ”}v &a# EJUJ{&
“=inf {e| (o +€) £ pror ,V" € X}

We e & &P& eay e’ bec}vlh g ce. 3 pcv‘(—;cfﬁ )
Pare; rér& [Dr ¥, A 4 d N 7 e; 2013] defy ed a&P ec s,
T ’{ 7‘ erParc %Qﬁ"l a;‘4§b—\ PG—aIfl hledb4‘)e‘
cvarl er

Definition 4 (Pareto regret, PR) P

I 5§ Un—sr ’{u L ATV IR JJ; 1 J f; éﬁf Ns

T
t=1

3.3 Algorithm

T dsln ed & % «S%,cd MOGLB-UCB. ; «

g AL rph 1 Had elp Ty al e el V. ?

adqc&I ‘ec .1deH’, &}&Pgrwe; iy 4’}3,d
Al p ePag, At d a3 tPar@ ;,21,,; -

A.,ﬂa—aar&ﬂ M 5 aedbyPis ber ag, L ay Ay

3082



/
e
{ He 4

rf(’)t as 'a)-.-&v?"h e Pare; O* g
zlw'm M’}uﬂ 2:) O, T ; : f%{?cﬂa e &gifvlcfdrayv 3
ah * t Fh O I}yd[h 4}1 fqd "‘84"‘8&—\3) T e
21:@.1\:’&1 iePare; Fr,w waﬂ ed be-X g d* &‘_:daed
} car r o aje b ﬁt’f r erd ard ac; Ii/t,“wcf
b aleg &}h a“ dg ,ed by’ l\rea(b c cﬁ‘ﬁoq
(Se=4-7). Le; Ht = {(‘ »/ 33 (* q ) (¢ tq/t)} be
pc#ear,;’h ‘F" Ala‘gia"a.l-aach;%
‘&P eh af'h,ﬂl é’ L(cf% d%&}lail

0, 1:=arg maxz log Pr(, %)

lel<op (=i

=argmin /
joj<p = ¥°

Del_s-,‘& &;Hi § thlael a® 545 e{ﬁoe“ § ce i,
I ‘*, }ICQ%L‘" 1&11‘631' ﬁé b}} M) 9 ba(b
cHA iy eadnl }-d h;dz 1 am: 8, Yaeace-g d ;fnc
¢ Aﬁg’f 3 eary SaUH

v‘ A
T addrcf&&pjsdra bac»«g.v gﬁq I ﬁ e leay ¥

hep d; eyhacpe.ip ce{ﬁoe“&qdcl Q‘
clﬁdqc&‘tf& S—e&ﬁcah4,,\reacb hec )&'ehf

s —pc v d ael winGit i £ pd,, defy eday
‘t 1(0) HT‘t"' L(eTl)

Wcrd}x'),{)i ¥y o 1;&; ' rv“ }b—qdcfiﬂ‘“&
0, 1547

zeTl + 1(9TL )
4

10—,
8, 1, =argmin —————2*L + 97y, , (0.,
FNT e 2 Dy

= ZH'l[é\fZ ,, 4 ]v‘t z(é\t 1)]

w!
e

1= +K/
;rt'_ frt

3083

/
Lim i y"-ﬁ‘( I L‘_P ',:j v &

J
X

7. 1 CAL19)



/ /

{\LL;.-!F\ » Lim i V"-ﬁk I.PL‘_P ',:F 2
Corollary 1 4 fJ;( >0, §ae
deL( 1) K
log —= % 2 <Aog (1+
B o 09( 5
41-’/{,)&-
7 1 <0 log ).
Q‘VIA,',‘WGLA&Q pePare rér&b I%d 1 ,gli“ -
?P"‘ Ach&bM vy Therea 1.

Theorem 2 ».JH—J 1-9,
IRRCE I Tae

, 1
RG)<4L Iog<1+ﬁ>~m1
i PRI éﬁ!/{ M/l((i’)
Remark. T eab operd: #i e&fa »r;Ph q -
) 4YaPae, ére b . d ’O(’?) kg cbhamcvs.pelm
B resk ;‘” cci &GLB ble . F.p eh re,

/(+d))Pare €reb d (T
Z ’ 42018] h x&ajh }ﬁ@a{ﬁﬁ ﬁhq &Pare?‘
W df i Aax' b I,cti'f nl;fﬁearﬁ

}‘L. r&ar c&s 1;&@; & ;1
Proof of Theorem 2. B e réx 1,

0 €Ci e W], 21 ©)

o L pls babu“}l %;1—5 Frear: hecs ot
ia]a dear £ 4,0 > 1" edefi e
f?t,,» ‘= argmax6'%,. (10)
Qectz
Reea“pa‘ t“\clc{:edfh (’)t, e ;ﬂ,{;a&pa‘{rqj)
X peed g Qec“e, €ls] E@Pa‘
1 _/l (11)
BeMefi 51 % (9a d(10), e a e
1 =005 L= max gre > 0« (12)
Chby ¥ (11)g d(12),) Ve b‘aﬁ
o] % > eT‘. (13)
I e{ll‘r‘z,’ Wee, yd L‘ differq, cqag s e
0]* <0, % 4 dGT“>9T . Frpe{te cae i it
J\V‘ 2K
cvasﬁ [

1 (0]%) = 16 %) <0

§ cepuy g ¥ ‘”ca {}creay,' Fr;cv
ha &

wr
LS cae e

(07 %) — (0] %)
13

) 4
< LE]*—07%) < LEL5 - 0%
=L@, - 0. )"+ L@ ;- 0)"*
< L(||6%,; — é\t,jHZt + 10— ajHZt)thHz;l
£)

SZL\/WTtthHZ;l < ZLW%‘|Z?1

/
¥ i IS A T | N 7
G LTy ARSI, (O Ty (TCAL-L9)

bc{c’P&ﬁI}E& a‘m?u\ﬁh Pﬂ%@u Cra-

i popudye Xk peH lde ype
mﬁqd %fva}b&a{ d‘;;c&’yt Y i15C 4“
g crea ,p &f h argy era o

uj(e-”) —~ uj(e-“» < 2L 1% 5

Sic&p&ab &G Qi .dﬂf%mIEX‘cvbas
“ <2L\/w‘ tHz—l’% i b Gdlacfu ‘iﬂ&\

R ):Z t<2L\/'VT 1Z||‘t||z—1
P

Web . dp e RHS by} oCa ¢ (YS&" ar o aliy?

(14)

T ’ r T
D P W 1 [P (15)
1 ’ 1
B Lk all; ) Abba §- Yadmr},,, J—[Z()ll] V'er a &
p 4 deL( T ])
Ll -1 < —log —2=—=+_~, 16
tzzl || t”Zt =k g de}( ]) ( )

Chby ¢ (19-(16)3 dC s Ha X fijhespds 1 O

4 Experiments

I P;‘! ,“ Id 1 GF)Ca‘ @'Aﬁq— Y ch -
"ar& .&a‘l’f\ aph ap pet UL m e g 4 oby di s
& rph s
e P-UCB [Drg,‘ N 20131 Bisiepe Pare
UCB & riph " cb ¢ Hogesd;flerg , ah sby

J:BeUéIBﬂdﬂql ceeﬁ' 49.aa-141. 53 [Q 9.aa-08 (a1 '002der ce)-Berifi

3084



/
I
,{1 N (I CAI-19)

2501 _ prs
— P-ucB

B =
I “YVYT . MoGLB-uCcB
- L

J — P-TS / |
28N —— P-UCR 7
s-ucs /

5 MAT! RUGR |
2 200 -

™

M .0 500 1000 1500 2000 2500 30(
t

(ad=5 (b)yd=10 (c)d=15

124 -te1: Parey Erey {diflerg biep dn

a d=cief § b {5,10,15}. Frean: bec ;er'eh]w
f“ﬁk e eficy 30 it % b P g o
J ball. T Y P&;ﬁ‘ 1P&Pare§ i‘wl &'er
eae &ath & ¢ M ed 14 at sas O Wefir
dea’ 3% at vy il %k Pcfcer c#edba“ o erad; A
13053 dpg side? ah sh‘ﬂm LYt pecy ered

3085



/ /
. 'iML i y"-ﬁ‘( *

References
[Abba Ya(fh.%f;v ’ w201 1] Ya i Abba é Yad»,.'r}, Da d
Pai quﬁabasa—&am F ﬁd
/f B by d, ¥ ¢
éft Y% T ¢ b 24',4 &&2312 2320 2011

A’ar"a‘ ;—2014] Alein A a'd, Dajel Hy, Sa @
JL xrdLyl\ZLquRbec S?n‘a—-{e

TEflé eh
P AT T
, 2014

d "
[A J—-ZOOZa] Pees A 5 NAcl Cen -Big @4, g d

‘;Z,f?‘

&;16387 164
Pa F @ e. F; & f’l ) th Gdb (L
§ 3
u‘ G’ P f ,47(2 3) 235 %2002,
J—-2002b] P A ¢, Nje | Ceg- Bﬁq &5 Yav

Fr&’d g d R ber, ES@H&% ch
ki U by di s e o ejf;-;’ 1}‘
g, Ry ad

£2(1):48 77, 3002,
[A 4m=2016] P&eﬂ A. 5, G a -Ka, G
OIA‘L quad'anz,'q Pare, - ¥ dﬁxﬁc .
‘b!l LES >Cb,}d}‘ aCM,‘L ; /I 4 i{
. it et JMﬁ g 1939
947,016, !
[A ¢.2002] Peer A Uyl c fidg, b,ld&
;LL,‘; ;I-@'J.rafl gad& i Jll’f.#g-
A ey A ,3(N X397 422,2002.
[B. Qc%:mq dCeu-Big @ 2012] Seba B B. becieg dN;i-
e Cc\aBﬁcb R&rch 4}& 1% m.ap}cq r
;ra}f:h. /"if(’ ed J bl vy
A 40 . w, ,5(1)1 122, 2012.
[B. e% 4m=2009] Seba W B. beemGJiHs‘ e ‘aba

i’ar,qdRch Lag
% 7 s;/‘Q llﬂj?} »J'ﬁ -

aIfIC qu; EL

TN BN 22',.4{ &&201 208, 2009.
Am=2008] Varha Dj i, ']B h a& P Ha @y g d
!M Kaiade: f i oy opder
bq d;, jeedbacies | 4| .L;’ri IR e

355, 2008.
[Drzfq qu e, 2013] MM Difg 4 d A Nw'& De-
J:h/ ec, eh,rarh b d) rkhia
? /p ?‘Jﬂ # 1T1 :i( ‘l U g

W u i3 2359, 20 - r

[Dr¥. qdaIIJ "¢, 2014] Maddy a M Du,’q ad Ay
N e Scaar; a5y bas % sde
aficag y & p h v ﬁ} /‘ Jl,‘é ;T‘.

lf ? T Amg i
llrd— b ;,&—.’i es2$9o 697, 2014
[D. dhies .:—201'1] Mie a D. dile Dq o Hy, Sa“a[
Kale, m &Kareu,a ;Mm, Lq 3rd Le Req')y
dal\-,Zi I*\fcl
bq’—d} ! -5{ e f.:ﬂba[f fﬁwfu-
Ly 1169 178 2011
[y dneis (-* 272010] Sarie Fildas, Olf ger Chlaes; A. ¢liqr
Gah; quabaS Ay I%,

- Pargh exic b
quﬂa;iedﬁearcatl WAy af &‘chﬁf-u'b

VLERYG “f Sy 2314 1586 594 2010.

/

¥ b ¥ P4 I 4
AR,

e

201 7] 1 R g2 S Ly A,,r dba B ay
ax;qdRebeccaW Cu a‘abieée(enfa1
&cfﬂ

:u,@

¥
. (I CAI-19)

7.,
ﬁefN

Wi;‘: s ! le 3!

q!dn akg? .
M st € 3f 7 3 30
‘d &&99 109, 2()17

e? 1—2008] R ber, eﬁ b, Aleiay dry
Lj.&squL a{fledbq f%ﬁ bie-

ric lagcey f;‘w ? ‘;;’) f40 ! v | IMP- o

ﬁ Kb US4 u rié ‘4{1 1.:{ e4 681 690,

2008.

[La¥ ‘1rdq dZ a¥ ,2008] Jiey
% 3% Y'Jhcfé-m(héreedbaé“ rﬁp i-ath ed
ds, & yde-g ,tlh ag y WJMV; !/P‘ U g
I’U gyt € sy ¢; 2]‘,4&' e1817 824, 2008.
[L?L’J—-ZOIO] Le ¥ Li, Wes (h wJ Lqé \rd q d
bef ESQM&ACI@’ qu;

Ry, 1& R é&fw§1§l gdagy . 1{4
3k Jim s d..‘,‘.’icfs661 675200

[L. %’4—-2010] T L Da A'd Pa:( q,!d iiz Gy -
. ) 4

~ (L
ﬂ/J— r *:( 3 A’iLU’J')L"M; Ly &§485 492

La¥ )fd q d T

|J—-

2010
Jm2019a] &4 L. »G- e »‘qu,’ Ya H ,gd
K
L,Q’I\ané ,f\‘f‘q “éeréak&dﬁearbq
41192105128, 2019

S 4

3.’.:—-20191;»]9»% L .G z,'b qu Ya H. qd
Cv y’ u {

Vs *sz “.f A 1

47154 4 63, 2019

[Neldes g d Weddesb. g, 1972] J. A. Neldes g d ,#R V\y 1\!/1.
el

Wedderb. 5 . Gq—efa‘;cdd pearh gy 4w
¥ 4'5’4";’& imgdln, S ky . cle #2135:370 3 4
1972.
[R d(‘é}' ’4—2012] Man R df‘{ %T 1Grs g P oo
qu)&q %3 . M. Ly ):! ,fhlaulﬁree_
fl erfef e mw 13 541 4k
) alde jw 24 A é 5. ;r 4;‘,‘&' a1l l% ACM,

2012.

(S 3 2014] Aiemmxs1 s (Cr a‘bq
?P 1;31) }xl‘ha j'lfjr ”f !di‘

ey 444, 15(1):2533 2568 2014.

[T.Y a) J—2018] ErdaT¥ a, YD d Ceéa
%‘a* T M g pee H{mqf[qﬁggfaf;
;"17\ 'qu})ﬂ' ai if ;’Elirj g d ! f
L 2k E

‘5 J!,'I.« sl e01673 1681,2018.
[Ya (22 g dMq deﬁcm,ZOI ] Saba Ya {éa 3 d Bey ard
Mg desicie B H,.&I gf 3rl;f L - heeg %:1 .4)‘5-
aty ed by dj, bt bldh . 1 w, 4 s«{;;;wp 'f
RIImm WU g VY f;‘,d &&47 52, 2015.

[ 3% ., 4»=2016] qz.' TAq ba Ya¥ RIJ.' Jﬁ ,
Yid 5 5( a,gd% i q ;‘ }}c,?e
f ,‘a“i W Ihdef,‘; e- bu bacw, ! f
P2V S Vi ¢ L 43927401, 2016

3086



