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Chapter 1

Introduction

1.1 Background and Motivation
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1.2 Main Contributions
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1.3 Research Overview
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1.4 Organization
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Chapter 2

Preliminaries
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2.1 Problem Formulation
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2.2 Linear Adaptive AEC
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e(n) + m(n)

\2/
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2.3 Performance Measures
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Chapter 3

Acoustic Echo Cancellation with
the Normalized Sign-Error Least
Mean Squares Algorithm and

Deep Residual Echo Suppression
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3.1 System Components
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3.1.1 Linear Acoustic Echo Cancellers

000 0000 0000000 foon Dotoomotioto o boOoito ot 000 0t 0ot 0oodo booooeogo
000 0ooofiiod boopoooo [0 Do0 00booUn 0000t 00 Dooboitodooo 000 tiotoon booo Do
(000 frooioooiboobol Oooot foooo [oobo toooiot 0iton - 000 Oiooooo 0ot Doicooo booooo

oo



0000000 000 0000 0000000 00 00000 00

(msgn(e(n))tn ()
JjOn (n)jj

00000 (n) 00 000 0000 00000 000 sgn( ) [0 000 000000 000000000 000 00000000000 Of

Uo000 0o 0oOooooho 0o 0ooo o0 bOOoo 1ot 4oiho oo 0ot Doiotot Loooot fooooeo
0iooo oo

O(n+ 1) = 0(n) + 00000

(me(n)tn ().
JiOn (n)jj?
000 000000000000 000000 00000 000 000000000000 00000 00 000 000 00 00 10000000000
00 000 0000000 000000 00000 1000

0oooo

On+1)=0(n)+

3.1.2 Residual Echo Suppression Model
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3.1.3 Speech Denoising Model
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3.2 Experimental Setup

3.2.1 Datasets
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3.2.2 Implementation details
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3.3 Experimental results
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3.4 Summary
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h?Bb +? Ti2 T 2b2Mib irQ@bi ;2 "2bB/m H2+?Q bmTT 2bbBQM b
HQr al_ b+2M "BQX h?2 bvbi2K 2KTHQvb i?2 LaGJa HBM2 ~ 1* /B]
iX h?2 1} bibi :2Q7i?2 1aBM+HmM/2bbT2+i"Q;" KK bFBM: M/ /Qn
h?2 b2+QM/ bi ;2 T2 7Q Kb bT2+i"Q; K "2}WMR2 M2 bAMiai22iB Q \
bT2+i"Q; KK bFBM; M/ /Qm#H2@i HF /2i2+9BRRQM TKQb2WX iR® a2+
bT2+i°Q: K "2}M2K2Mi KQ/@HRBba2#iBZOMi?2 / i mb2/ 7Q i~ BMB\
2p Hm iBQM M/ i?2 KQ/2Hb6 i° BMBM; T'Q+2/m 2bX _2bmHib 2
BM a2 +9B0Q M2+ i8N KK "Bx2b i?Bb +? Ti2 X

9XR J bFBM: M/ .Qm#H2@h HF .2i2+iBQM

h?2 bT2+i Q;" KK bFBM; KQ/2H BKbiQ T2 ' 7Q K bB;MB}+ Mi TQ
2+?2Q bmTT 2bbBQMX h?2 ;2 i2bi +? HH2M;2 BM "2bB/m H 2+?Q
i?72 2+?2Q /m BM; /IQm#H2@i HF T2 'BQ/b r?BH2 "2/m+BM; i?2 M2
h?2°'27Q°2-i?2KQ/2HK v#2M2}i7 QK QTIiBKBx iBQM7Q  /Qm#H2C¢C
rBi? "2bB/m H2+?2Q bmTT 2bbBQMX

AM i?2 K bFBM; bi ;2-r2 2KTHQvV i?2 |@kXi hh"2®RBi2+?PBi2+Him" 2
/IBz2 b 7°QK i?2|M2?BM(i?2 "+?Bi2+im 2 +QKT Bb2b +QMpQHMIB
bBbiBM; Q7 "2bB/m H +QMM2+iBQMb- "2[mB°'BM; KQ 2 KQ/2H T °
HQM;2 " BM72 2M+2 iBK2i? Mi?21@L2i "+?Bi2+im 2r?BH2 +?B2jy
l@L2i 2?7 b 7TmHHv@+QMpQHMIBQM H 2M+Q/2 @/2+Q/2  bi m+im’
ir22M H2p2Hb Q7 i?22M+Q/2° M/ i?2/2+Q/2 X h?2T ' QTQb2/ KQ/2
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irQl@L2ibX h?2 } ' bil@L2i T2 ' 7Q Kb /Qm#H2@i HF /2i2+iBQM M/ Bb HL
72 im'2 2T 2b2Mi iBQM 7°'QK i?2 /Qm#H2@i HF T '2/B+iBQMb M/ i?2 BN
i72 K bFBM; i bFX h?2 b2+QM/ 1@L2i "2+2Bp2b i?2 QmiTmib Q7 i?2 } bi
BMTmi bB;M Hb M/ T 2/B+ib bT2+i"Q; K™ iBQ K bFX

h?2 }'bil@L2i6b BMTmi Bb i?2 HQ; XTf;K)2ABMKY MM (BB);,M HD
ME(f;,k)- +QM+ i2M i2/ HQM; i?2 +? MM2H /IBK2MbBQMX h?2 2M+Q /2" +(
b KTHBM; +QMpQHmMIBQM #HQ+Fb U 272 "2/iQ b 6/QrM@#HQ+Fbo6 7°Q
#HQ+F +QMbBbib Q7 k@. +QMpQHMIBQM H v28RBMb/i W2+ EVWM Q K HBX il
"2+iB}2/ HBM2 " mMBi WBH2 F\Bp2B8WW(7mM+iBQMX h?2 +QMpQHmMIiBQM
bi'B/2BHQM; i?72 7°2[m2M+v /BKHNDIB,Q®2 MB/K2 /I BK2MbBQM @ 2z2+iBp2
/IQrM@b KTHBM; i?2 BMTmib HQM; i?2 7°2[m2M+v /IBK2MbBQM r?BH2 -
/IBK2MbBQMX h?2 QmiTmi Q7 i?2 2M+Q/2° Bb 72/ iQ mMB@/B 2+iBQM
iBK2 /2T2M/2M+v #2ir22M i?2 /IBz2 2Mi 7° K2bX h?2 : 16b QmiTmi ? b ir
@ Bi Bb mb2/ #Qi? b 72 im 2b miBHBx2/ #v +H bbB}2 i? i T'2/B+ib /Q
iBK2 7 K2 M/ bBMTmibiQi?2/2+Q/2 -r?B+? H2 "Mb 2T 2b2Mi iBQM
72 im 2bX q2 7" K2i?2/Qm#H2@i HF /2i2+iBQM i bF b #BM 'vKmHIB@
i bF-r?2°'22 +? iBK2 7° K2 Bb H #2H2/ b 2Bi?2° +QMi BMBM; M2 "@2M/
r2HH b 2Bi?2  +QMi BMBM; 7 "@2M/bT22+? Q MQiX q22KTB'B+ HHv 7Q
H2 /b iQ #2ii2° +H bbB}+ iBQM T2 ' 7Q K M+2 i? M i?2 KQ 2 +QKKQM TT
+H bb +H bbB}+ iBQM-r?2"2 2 +? iBK2 7° K2 Bb bbB;M2/ bBM;H2 H #2
i?72 H #2Hb "2, bBH2M+2- M2 "@2M/ bT22+? QMHv-7 "@2M/ bT22+? QN
+H bbB7v 2 +? iBK2 77 K2-i?2 QmiTmib Q7 i?2 :_| 272/ iQ 7mHHv@:
"2bTQMbB#H2 7Q° "2/m+BM; i?2 72 im 2 /BK2MbBQM Ur?BH2 T 2b2 pBM
r2r MiiQ +H bbB7v 2 +? iRKRE?B+R2AQiQ2bTQM/b iQ i?2irQ TQbbB#H2 H #

h?2 72 im"2bH2 "M2/ #vi?22M+Q/2  7Q /Qm#H2@i HF /2i2+iBQM "2
i?721 bFQ7H2 "MBM; bT2+i Q;" KK bFX AMbi2 / Q7 /B 2+iHv 722/BM; i~
rBi? i?72 2M+Q/2°6b 72 im 2b-i?2 /2+Q/2° H2 "Mb 72 im 2 "2T 2b2Mi iB
+QKT ' Bb2b mT@#HQ+Fb bBKBH "iQ/QrM@#HQ+Fb-2t+2Tii? ii?2BMTn
pB M2 "2bi@M2B;?#Q mT@b KT2HBKM;Bii?2 7 292 p¥v /IBK2MbBQM M/
1 HQM; i?2iBK2/BK2MbBQMX h?2mT@b KTH2/ BMTmib "2 +QM+ i2M i2
/IBK2MbBQM rBi? i?72 QmiTmib Q7 i?2 K i+?BM; H2p2H Q7 i?2 2M+Q/2 X
/12+Q/R(f;k)-? b bBM;H2 +? MM2H M/Bb Q7i?2b K27 2[m2M+v M/ iBK2
bi?2BMTmibB;M HbX hQ H2 "M bT2+i'Q;" KK bF- M //BiBQM HI@L2i
iQi?2 } ' bil@L2iX h?Bb l@L2i ++2Tib b BMTmib iXAfKP; Q7 HH BMTm]
A(f;k)-M(f;k)- ME(F;k)- br2HH bi?2 QmiTmi Q7 P?2k})-bidi@iLi2iBM;
BMBMTmi +? MM2HbX h?2 b2+QM/ I@L2i6b bi m+im 2 Bb bBKBH " iQ i? |
rBi? 72r 2t+2TiBQMb @ i?2 /QrM@b KTHBM; U b r2HR 7IQi?2 mT@b KTH
#Qi? 7°2[m2M+v M/ iBK2 /IBK2MbBQMb- M/ i?2 H bi /2+Q/2 #HQ+F +QlI
+iBp iBQM 7mM+iBQM MQ° MQ 'K HBx iBQM H v2 X (;X2-KQ/2H6b QmiTn
+QMbBbib Q7 QM2 +? MM2H M/ ? bi?2b K27 2[m2M+v M/ iBK2 /IBK2Mt
bB;M HbX h?2 2MiB 2 .h. M/ K bFBM; KQ/2Hdb "+?Bi2¥Rn 2 Bb /2TB+i2
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6B;m 2 9XR, ai'm+im 2 Q7 i?2 /IQm#H2@i HF /2i2+iQ  U.h.V M/ K
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b T 2pBQmbHV K2MiBQM2/-r2 2KTB'B+ HHv7QmM/i? ii?2 .h. T
i BM2/iQ/2i2+iM2 "@2M/ M/ 7 "@2M/bT22+?2b2T " i2Hv7Q 2 +?
i?72 .h.6bi° BMBM; i ;2i 7Q 2 +? mii2° M+2(BiTi2Mb2R Q7 b? T2
Bb i?2 # i+? bBxB-b M2 MmK#2" Q7 iBK2 7° K2bX h?2 }"bi M/ b2+(
i?72 b2+QM/ /IBK2MbBQM 2T 2b2Mi i?2 T '2b2M+2 Q7 M2 "@2M/ bT
"2bT2+iBp2HWWBMIBR i2bi?2 T 2b2M+2DQZToRPB2MIbNBib #b2M+2X h
i BMBM; i ;2i Q7 i?2 K bFBM; KQ/2H Bb i?2 HQ; Q7 i?2 " iBQ #2ir
K ;MBim/2bQ7i?2+H2 MM2 @2M/bT22+? M/i? i QV(iR22 "Q bB;
M/ ;Bp2M #v
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H(f k)= HQ
r22°2 M/, "2 bK HH +QMbi Mib 7Q° MmK2 B+ H bi #BHBivX h?2 H
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k=1
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r?2°8 Bb i?2 iQi H MmMK#2> Q7 bT2+i'Q;" K #BMbX h?2 Qp2 HH HQbb 7
QTiBKBx2i?2 KQ/2H Bb r2B;?i2/bmK Q7 i?2irQ HQbb 7mM+iBQMb rBi?
h. TTHB2/4iQ

= h. l.n +lkopE uoxsv

9Xk aT2+i"Q: K _2}M2K2Mi

h?2 bT2+i'Q;" KK bFBM; TT ' Q +? HQM2 K v MQi #2 bm{+B2Mi iQ #Qi?
"2bB/m H2+?Q M/ T 2b2 p2i?2M2 @2M/ bT22+?26b [m HBivX Ai Bb 2bT
al_ b+2M 'BQ-r?2'2i?22+?2Q bB;M H6b 2M2 ;v Bb +QMbB/2" #Hv ?B;?2
bB;M HobX AMi?Bb + b2-bT2+i"Q;" KK bFBM; + MbmTT 2bbi?2 "2bB/m
;722- 11?22 +QbiQ7/2; IBM;i?2M2 "@2M/ bT22+? [m HBivX AMi?2 KQbi
K bFBM; QT2 iBQM +QKTH2i2Hv + M+2Hb T "ib Q7 i?2 M2 "@2M/ bT22+"
AMY)- TQHHQrBM; i?2 K bFBM; bi ;2- 1?22 bT22+? Bb 7m’ i?2  2M? M+2/ #
BMT BMiBM; bi ;2X h?2 BMT BMiBM; QT2 iBQM BKb iQ '2+QMbi m+i b
i BMBM; bT22+? + M+2H2/ BM i?2 K bFBM; bi ;2X AM i?2 "2bB/m H 2+72(
M2 "@2M/ bT22+? Bb b+ '22M2/ #v 7 @2M/ 2+?QB+ bT22+? " i?2  i? M M
"2M/2°b i?2 "2+QMbi m+iBQM QT2 iBQM KQ 2 +? HH2M;BM; b Bi K v #2
;mBb? i?2 bT22+? +QKTQM2Mib Q7 i?2 M2 "@2M/ bB;M H7 QK i?Qb2 Q°
AMbi2 /-r2 7 K2i?Bbbi ;2 bbT2+i"Q; K '2}M2K2Mi-r?2"2i?2 K bFH2
K bFBM; KQ/2H Bb mb2/ b M //BiBQM H72 im 2 HQM; rBi?i?2BMTmib
iQ K bFi?2bB;M H7 QK r?B+?r2r MiiQ Q#i BM i?2 /2bB 2/ M2 "@2M/ b
6Q bT2+i'Q; K 2}M2K2Mi-r2 /QTii?2 " {IKiAMNQ @ ntZ2B@ (
BK2Mib-r2 7QmM/ i? i r?2M mbBM; i?2 l@L2i "+?Bi2+im 2 7Q i?Bb bi ;
T2’ 7Q°K M+2r b HKQbi B/2MiB+ HiQ i?2 T2 ' 7Q°'K M+2 Q7 i?2 K bFBM; |
K bFBM; KQ/2H +?B2p2b ;QQ/ T2 7Q°"K M+2 QM Bib QrM- M/ /m2iQ i?2
#2ir22M i?2 BMTmib M/ i?2 /2+Q/2° QmiTmib- i?2 "2}M2K2Mi KQ/2H rB
"+?Bi2+im 2 +?B2p2/ M2;HB;B#H2 T2 ' 7Q 'K M+2 ; BM +QKT "2/iQ i?2 K
bi2 /- r2 2KTHQv 7mHHv@+QMpQHmMIiBQM H "+?Bi2+im 2 +QMbBbiIiBM
#HQ+Fb- b T QBRXb2/ BM (
h?2BMTmiiQi?2 KQ/2H Bb i?2 HQ ;XJTki?-A(B M Twn(f;kB- MMHDb

E(f;k)-i?2QmiTmi Q7 i?2 K WHBM-KQ/2H2 /Qm#H2@ i {Fk)2 im 2b

+QM+ i2M i2/ HQM; i?2 +? MM2H /IBK2MbBQMX h?2 BMTmi Bb } bi 72/ |
IQrM@#HQ+Fb- bBKBH " iQi?22M+Q/2  #HQ+Fb BM i?2 K bFBM; bi ;2X I
b KTH2/ #v 7 2i(HQ@QMW,; #Qi? iBK2 M/ 7°2[m2M+v /IBK2MbBQMbX AMbi2 |
_2GI1-r22KTHQvV M 2tTQM2MiB HHBM2 " mMBIi&j)l®IV QTR EBQM 7mM+i
BM3X 6QHHQrBM; i?2 /IQrM@#HQ+Fb Bb b2°'B2b Q7 B/2MiB+ H "2bB/m
#HQ+F +QKT ' Bb2b irQ +QMb2+miBp2 /IQrM@#HQ+Fb(tB)X +QMpPQHmMmMIB
h?2 QmiTmi Q7 i?72 b2+QM/ +QMpQHMIBQM #HQ+F Bb bmKK2/ 2H2K2Mi
iQi?2 "2bB/m H#HQ+FX 6QHHQrBM; i?2 H bi "2bB/m H#HQ+F "2 irQ m"~

i9



b KTHBM; 7 2i®@QM7 #Qi? iBK2 M/ 7 2[m2M+v /BK2MbBQMbX h?2
K@. +QMpPpQHMIBQM H v2  rBi? QM2 Q&XK2iliB+3A bMi 2 H X} M B Kra Mi
KQ/2HG6b “+?Bi2+im 2 M/ i?2 "2bB/m H #HQ+FbX

6B:m 2 9Xk, ai ' m+im 2 Q7 "2}M2K2Mi KQ/2H “+?Bi2+i@}®@ 2@ "2bB
K2Mi KQ/2H “+?B#¥+amn2Xi 2 Q7 i?2 "2bB/m H #HQ+FbX

g2 7° K2 i?2 "2}M2K2Mi bi ;2 b "2;°2bbBQM i bF-r?2°2 i?2 K
T'2/B+ii?2 M2 "@2M/ bT2+i'Q;" KK ;MBim/2b /B 2+iHvX h?2°27Q
Bbi?2 HQ; Q7 i?2 M2 "@2M/ bB;M HOob bT,B{f;Q)+ K-Kr2RIRim/2b HQ
Bb bK HH +QMbi Mi 7Q° MmK2 B+ H bi #BHBivX AMp2'iBM; i?2 H
BMp2 b2 ah6h UBah6hV mbBM; i?22 "Q bB;M HOb T? b2-r2 Q#i B
2M/ bBdm)M aBM+2 bB;MB}+ Mi TQ iBQM Q7 i?2 "2bB/m H2+?Q r
K bFBM; bi ;2-i?2 K BM ;Q HQ7i?2 2}M2K2Mi bi ;2 BbiQ BKT Qp:
2M/ bT22+? [m HBivX g2 +?B2p2 i?Bb ;Q H #v QTIiBKBxBM; i?2 K(
K2 bm 2/ #v S1azZzX aBM+2 i?2 SlaZ 7TmM+iBQM Bb MQM@/Bz2 2Mi
b HQbb 7mM+iBQM BM ;" /IB2Mi@/2b+2Mi@# b2/ H;Q8)i?KbX h?:
BKbiQ TT QtBK i2 SlazZzrBi? /Bz2 2MiB #H2 TmM+iBQMX SJazl
BMIiQ ++QmMi T2 +2Tim H@ 2H i2/ 72 im 2b Q7 i?2 T 2/B+i2/ bB;
/IBbim™# M+2 i2°' Kb BMbTB 2/ #v i?2 SlaZ H;Q Bi?KX g2 /2MQi2i?
#Us1,azU7Q # 2pBiv-r2/QMQi7Q KmH i2i?2HQbb7mM+iBQM M/ B
?22°'2 @ i?2 "2 /2 Bb '¥Y2Z0Q2//I@i(BQM H /2i BHbVX g2 2KTB B+ HH
KBMBKBxBM; i?2 SJaZl HQbb 7mM+iBQM HQM2 /Q2b MQi +?B2p:
Hi?Qm;? i?2 HQbb p Hm2 +QMp2 ;2b-i?2 /Bz2 2Mi 2p Hm iBQM K:
rz // "2;mH "BxBM; Jal HQbb i2 'K /2}M2/ b
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l3a1= (HQRMD(k)+ ) HQMDEK)+ ) UoXxeV
k

f
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h #H2 9XR, .Qm#H2@i HF /2i2+iBQM M/ bT2+i'Q;" KK bFBM; KQ/2H bT:
mH2 M K2b rBi? M bi2"BbF "2 KQ/2H QmiTmibX 6Q /QrM@#HQ+Fb M
MmMK#2 b BM i?2 .2i BHb +QHmMKM 2T 2b2Mi BMTmi +? MM2Hb- QmiTmi
M/ bi'B/2 Q7 i?2 +QMpPQHMIBQM rBM/Qr Q  mT@b KTHBM; 7 +iQ - "2bT2
Hv2 -i?2 .2i BHb +QHMKMO6b MmK#2 b "2T 2b2Mi ?B//I2M@H v2 bBx2 N
2'b- "2bT2+iBp2HVvVX 6Q°  7TmHHv@+QMM2+i2/ U6*V H v2 'b- i?2 MmK#2"
Q7 M2m QMbX JQ 2 i? M QM2 KQ/mH2 BM i?2 AMTmi +QHmMKM K2 Mb +(
KQ/mMH2b BM T "2Mi?2b2bX

JQ/mH?2 .2i BHb AMDbiX MQ K +iBp iBQWMTmi

.QrM @ #HQURERS; (2;1)) P G2 Fv_2G| JQ/2H6b BMTmi

.QrM @ #H Q(EBE 64 3 (2: 1)) P G2 Fv_2GI .QrM@#HQ+F R
.QrM@ #H Q8% 128 3;(2; 1)) P G2 Fv _2GlI .QrM@#HQ+F k
QrM@#HQ@ma563 (2;1) G2 Fv _2Gl .QrM@#HQ+F |
_ (128;1) @ @ .QrM@#HQ+F 9
6* R 2 @ aB;KQB/ |
6% k 2816 @ G2 Fv _2GI |
IT@#HQ +F38% 1283, (2:1)) 7 G2 Fv_2GI U6*k-
QIM@#HQ+F |V
IT@#H Q +F182 64 3: (2; 1)) P G2 Fv_2Gl UIT@#HQ+F R-
QIM@#HQ+F kV
IT@#H Q +K96; 32 3, (2; 1)) P G2 Fv_2GI UIT@#HQ+F k-
QIM@#HQ+F RV
IT@#HQ +F3;1;3 (2: 1) P G2 Fv _2GI UIT@#HQ+F j-
JQI/2H6b BMTmiV
.QrM @ #H QBRB3; (2:2)) P G2 Fv_2GI UIT@#HQ+F 9-
JQI/2H6b BMTmiV
.QrM@ #HQRBE64;3;(2;2) P G2 Fv _2GlI .QrM@#HQ+F 8
.QrM @ #H Q(6£ 128 3, (2: 2)) P G2 Fv_2GI .QrM@#HQ+F e
.QrM@ #H QHE 256 3;(2;2)) P G2 Fv _2GlI .QrM@#HQ+F d
IT@#HQ+R3841283,(2:2) " G2 Fv_2GI U.QrM@#HQ+F
3- . QIM@#HQ+F
dv
IT@#H Q +F182 64 3: (2:2)) P G2 Fv_2GI UIT@#HQ+F 8-
QIM@#HQ+F eV
IT@#HQ + K986 32 3, (2: 2)) P G2 Fv_2GI UIT@#HQ+F e-
QIM@#HQ+F 8V
IT@#HQ+HF3¥;1;3;(2;2) @ @ UIT@#HQ+F d-

IT@#HQ+F 9-
JQ/2H6b BMTmiV

je



h #H2 9Xk, 2}M2K2Mi KQ/2H bT2+B}+ iBQMbX JQ/mH2 M K2b rBi~
QmiTmibX 6Q /IQrM@#HQ+Fb- mT@#HQ+Fb- M/ 2bB/m H #HQ +F|
BMi?2 .2i BHb +QHmMKM 2T 2b2Mi BMTmi +? MM2Hb-QmiTmi +? M
Q7 i?72 +QMpQHMIBQM rBM/Qr Q" mT@b KTHBM; 7 +iQ - "2bT2+iBy

JQ/mH2  .2i BHb AMbiX MQ'K  +iBp iBQAWMTmi
.QrM @ #H Q6/B43; (2;2)) P 1GI JQ/2HGb BMTmi
.QrM @ #H Q(6E 128 3; (2;2)) P 1GI QrM@#HQ+F R
_2bX #HQ{R&RI283;(1:1) 1GI OrM@#HQ+F k
_2bX #HOQ{R&K1283,(1;1) 1GI _2bX #HQ+F R
_2bX #HQ{Rg1283,(1:1) 1GI _2bX #HQ+F K
_2bX #HOQ {R®W1283,(1;1) 1G1 _2bX #HQ+F |

_2bX #HQ{R&B1283;(1:1) 1GI _2bX #HQ+F 9
IT@#H Q +FLE 64 3; (2; 2)) P 1G1 _2bX #HQ+F 8
IT@#H Q + k6% 32 3, (2; 2)) P 1GI IT@#HQ+F R

IT@#HQ+HF32;1;3;(1;1)) @ @ IT@#HQ+F k
9Xj . i M/ h" BMBM; S°'Q+2/m 2b
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