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METHOD AND APPARATUS FOR VIDEO ENCODING WITH BIT DEPTH CONTROL FOR FIXED
POINT TRANSFORMATION, METHOD AND APPARATUS FOR VIDEO DECODING WITH BIT
DEPTH CONTROL FOR FIXED POINT TRANSFORM
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A video encoding method of adjusting a range of encoded output data to adjust a bit depth during
restoring of encoded samples, and a video decoding method of preventing overflow from occurring in output
data in operations of a decoding process. The video decoding method includes parsing and restoring
quantized transformation coefficients in units of blocks of an image from a received bitstream, restoring
transformation coefficients of a first bit depth or less by performing inverse quantization on the quantized
transformation coefticients, and restoring samples of a second bit depth or less by performing one-

dimensional (1D) inverse transformation and inverse scaling on the quantized transformation coefficients.
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. VIDEO DECODING WITH BIT DEPTH CONTROL FOR
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[ 3£ ] A video encoding méthod of adjusting a range of encoded
output data to adjust a bit depth during restoring of encoded samples,
and a video decoding method of preventing overflow from occurring
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in output data in operations of a decoding process. The video
decoding method includes parsing and restoring quantized
transformation coefficients in units of blocks of an image from a
received bitstream, restoring transformation coefficients of a first b@t
depth or less by performing inverse quantization on the quantized
transformation coefficients, and restoring samples of a second bit
depth or less by performing one-dimensional (1D) inverse
transformation and inverse scaling on the quantized transformation

coefficients.
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[ #5589 4 7 ] METHOD AND APPARATUS FOR VIDEO
ENCODING WITH BIT DEPTH CONTROL FOR FIXED POINT
TRANSFORMATION, METHOD AND APPARATUS FOR
@ VIDEO DECODING WITH BIT DEPTH CONTROL FOR

FIXED POINT TRANSFORM
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[0066] % — 1D 8 B5E 36 T7E4 — 75 ) L B S (R BB IT
ID 8k - S 1D WEMET 8 TESE - HALHEE— 1D
HERE T 36 B RIT 1D WEIRY ERHAT 1D MR -

@ [0067) 2 — IDW#BIRETT 36 R 1D HHIRET 38 2
— AT B B O AT R R BT A -
[0068] 25— 1D MBI 36 TEEFHHAES — A LHIT 1D
MRS WA S — B AR TE shiftl BIFAITERAL > L
EH IR BT MR - = 1D IR E T 38 T EEEES =
F71_E 84T 1D AT 18 2 WRHE 2 = R A1 1 IT (8 shife2 15
R TERS AL > LA 3 I R BT 300 A -

@ [0069] %5— ID MEEMETT 36 45 S E B 2 B R ERE RTE
BE77 BT 37 o M > B — 1D WERELTT 36 ZHIHHE R Z AN
TRV AR REREFET 37 ZER A -

[0070] Efldh - 55— 1D WEHRET 38 T & KB 2 ARG
B EREE T 39 - It 0 B 1D MERET 38 ZHILE
B2 ANTRR AR REREEET 39 ZERA N - |

(0071] ZEGITE » ATAR R LI 7572 2 3 R 41 o 38 B 4L B 5T 34 3
Bl 2 @H A C 2 B A BE E MaxC :
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[0072] [/H#E= 1]

[0073] | C | <MaxC=2-1:

[0074] Hh » ZFEFHET 35 CERKRNZAITTEES bq fiITT
E o BEPRE C R ANBEME MaxC T £ 2°9-1 » H###a{Rg C
Al A (-2, 271

[0075] JE{AFYEE— 1D HEEHABETT 36 &5 — 1D Wig# i BT 38
ZEAE AR LT AR A KIRH FEHFATE kR 1D
B Bk Ck Z & K@ ¥H{E Maxk :

(00761 [H#E= 2]

[0077) | Ci | < Maxk = 2% -1 >

[0078] H b HEEFHEIT 37 X 39/ bk itk @ AIRRUHELL L
B Cu £ B KB EHE Maxk ATE 2°1> HEH{RE C A% AHE
(2% ., 2% 1y e

[0079] AL FERRIBRARER | RAGEN 2 RIRH ¥ E /4 ET 34~
BE— 1D WHERET 36 URE " 1D WEBET 8 FIE—HLZ
| E R EE G LT ERA -

[0080] iZERfEGI H #AITH BT > HERBAEX 1 RAEHX 2 &
=BT 34 55— 1D WEHAEIT 36 DIKE Z 1D HEFLE T 38
ZEHER KNG HNARENEFET 3537 K39 &
BRI -
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FRIESEE 20 IR A A B RE 4 B R B & K %6 B DU R A RS
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EFHARSITCHEREFRESEIZATE -
[0082] TwIPR#IEM AEE — ID HEHE T 36 HEZ 1D Wik
B3 ZERCAR/NAFHEEERHER B/ NARENRTEE LT
E - Wit AIRGYELET M ZHGEBERZAN B @A
EHEMETMIREMCBHRRECKR/NATRPINNREEFERTE
EAMTTHRE  DEBYENETT 34 2B HER 2 K/IRRIAEK
FREEAMTEE - HIt  TZFEEMET I BHCRENLZ

Q@ EBHREHBCLAEHE > DURFFEET 34 F— 1D Wi
36 IREFE IDYEBHRETL I8 hrHE B LBmBEREHE
A LATEE] -
[0083] & 4% » wIFEHR{E A DUT 7 12 =0 55 17 8 46 0 o 2R 41) 2 FR )
5 — 1D W EREE 36 BT 1D WEMET 38 ZH LR L
BAFTFEHmMABTR R KEE
[0084] [HE 3]

@ [0085] Y=TR MATRIX x X
[0086] Ho: @& X RA-ANRGEBIANE NZEAER
M8 Y XRAANE N ZEEEER - B " TR_MATRIX ; RRAK/ND
B NN THEHB#AEME - FRAE X CTTELRAXBHMES
max_abs_X - H#E#EE TR_MATRIX 5 i IR Z T ER & KE
HER max_abs_TR_MATRIXi » Bl F]iRER LT 7772 K 4l € &
BER Y c g AKBHEULKRAE Y TR RABHHE

max_abs Y :
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[0087] [/HFE 4]

[0088] Yi = max_abs TR_MATRIXi * max_abs_X ;

[0089] max abs Y =  Max{max_abs TR_MATRIXi} *
max_abs_X -

[0090] # o M Max{max abs TR_MATRIXi} , #fE/EFANE k X
R B L1 #8 - JRAl > L1_TR_MATRIX k- 5 k X
ID B R BIERANEREB A ITEA - B » AT T
ERPAIESE kX 1D BRI A TEEZRIGE

[0091] [F##E= 5]

[0092] max_abs Y = (L1_TR_MATRIX k * max abs X +
off set k ) >> shift k »

[0093] H o BfAEE k KBHE » RFE T off_set_k | 5§ 2°M1-"1 o
[0094] #0 b= Fraft - HFEHIT 1D ERMESZBEER Y
ZRNNRBRER bk TTRE A A TR EZEFHLER Y < #E:
(0095 [ 6]

[0096] -2°¢ <y<2°*-1;

[0097] max_abs Y < 2°¢ -1

[0098] Hit - JEHGENX 5 RAEK 6 2HGHBELEUTAE
HER

(00991 [HE= 7]

[0100] ((L1_TR_MATRIX k * max_abs_X + off set _k)>>shift k)

< 2bk_1
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[0101] (L1 TR _MATRIX k * max abs X + off set k) <
(2bk*shifi_k_pshifiky

[0102] max_abs X < obk¥shift_k_-shift_k

26hfk-Dy /11 TR._MATRIX k
[0103] ZMRFEAHERX 7 FREZHRE —HELFEHFEX KRS

AR¥EEBRI@m ABTR ZEE - Bl A RER (L 17E 78 B 817 1 8
MERCBMEERTRERN -

P [0104] At - HWHEN 6 R AN 7T hfrRELZ bk L THRE
— R Max_k > RIFTZO T ELEARS k KEBFBHRRZ@ABTHLZ
RNEE

[0105] [F#25K 8]

[0106] max_abs Y < Max_k;

[0107] max_abs X

IA

(Max_k*2shiftk_p(shift_k-Dy;1 1 TR MATRIX k
[0108] 7REMN » "I EAFEEFEIT K/ Max_k - ARFEHEKR BN

fIIC{E shift k DA R EEapfE 2 L1 €8 (L1_TR_MATRIX k) 2K
FIERANFE K RPBRIMATH I KNEE - |
[0109) #%F MBTITXPFZAENX  TERTEEMBYKAE
REFEMET M ZHEHEENCEEAMFTNEABTN ZEE - R
BAHEDN 9 IRBEYEAFREMZIERERE C BRESERER
gC-

[0110] [ 9]
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[0111] C = (((qC * scale(QP))<<bits(QP))+iAdd)>>iShift ;

[0112] ZZEEHRE C 2 RK/IRRAMAER 1| PAAREIHKRE
fR MaxC> BIFJERLU T ARAKRFAZEFBEANTEEMCBAETR
RIRE M BHRE qC K& KEE -

[0113) [H#E= 10]

[0114] -MaxC < (((qC * scale(QP))<<bits(QP))+iAdd)>>iShift <
MaxC ;

[0115] | qC | <((MaxC<< iShift)- iAdd)>> bits(QP)/ scale(QP) :
[0116] #aE <z » TEMRBHEER ZE AR MaxC DL # &1k
BRI EANRLEEMCBAER CEZKNEE -

[0117]‘ BEE EEFHTEEAMRVERE  F—8BFFc@m
HER CBRERAER < REECHBRERERLT

[5% 0]
BE PRI W AE R BIREKEHIE
MR BN mx oz mocmes s
£ ID#H Max_2*2°"2
B — DONE20)T ] TR_MATRIX_2
% — 1D ;E 1 MaX_l *zshiﬁ_l _ 2(shiﬁ_l
gt Max_ D)YL1_TR_MATRIX_I
v (MaxC<< _ iShift)}- _ iAdd)>>
HEA MaxC bits(QP)/ scale(QP)

[0118] it BTHEERTHEMLURE —KRE " 1D Pk
PRXE-ERESZEHLER T8/ E B LKF T B E K5
F EBwmERERN 1 RAER 12 pREZ RS RS -
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(01191 [HER 11]

[0120] Max_1 < (Max_2%2shift-2 _ pGhift.2-Dy, 711 TR MATRIX 2
[0121] [HFE= 12]

[0122] MaxC < (Max_ 1 #2hift _ pGhif -1y 11 TR MATRIX 1
[0123] (A 13]

[0124) | qC | <((MaxC<< iShift)- iAdd)>> bits(QP)/ scale(QP)
[0125] MREBHE 12 BT HEBERTE— 1D FHRTE
BrEBHANIRY  BENTERATESY BLENZRA
B EMEINRRERBRE— 1D MR BAGTH S BAREE -
[0126) MREHIRK 11 BTHBEESATE " 1D BB
B2 BLER 2R BERTE— 1D % BT ER
Y RABHEENARERARES 1D BRI HAETH LR
X i -
[0127) #REHIERK 13 5T BB AT S BTS2 &
@ FHILBI  EfTENARZER AL HARENRABE
MENA R R R R B B AR R A GE -
(0128] IRIBABI L —HHb > BRAGBEE 10 REARBLE
B 20 T BB 7 AR TS MR BT B B AL L B SH SR Y BT R
W IRIER Y BN —F -
(0120] MEITHE - £ 488 b2 M RB 2 A 6 B 5 16 2 5 72
213 B RSB B LR RSB — R BRI R 43 B S
211 RHER 12 MAEERGTEELL SRR - RS2
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BT ERGH R RYERY > MABEEE 10 TRBHER
13 35 R G S B A 2 MR R B B KW - TSR AR 11 R
FR 12 2 155 T TR -

(0130] (FE 53— pl %5 & R PBTELEE 10 % 4 5 0 A s 2
W20 B E Yy BRGNEE SR 13 F YR TR
I 12 - BIATE T B A2 DA RAERATEE — 1D iRy
HBEREY -

(O131]  J5160 i o 25 4R 0 K 58 B o — B 1 01 2 T R AR S 52 T 20
TR LR D B GRS LR B 16 (TR
RS SEAEBITHELRE 1D BHRT AYCBRY T RELY
(R B 1

(01321 ELAFE-2' « - oe ~ 2151 Z AT BTFTE 16 (1 T0 IR0 58
o 5 FE (T O A B R R R R 2 S — R TS
R 2 B B /NS 2151 (ORED > 32767) > BIRR 16 {1 TCAB 10 58
SH - FEEAAEFETREAN L REEENTYE LRy
B TR - B TEIRIR AR 2 — B G2 R
8 10 RRAMBEE 20 b ARYELRIERT2E %
2 B S S IR B DU B AT M R AL R M R 2 e —
S T 19 2 8 L R BB EIR AL 2541 -

[0133] BEIHE BEBHALHRBLEREED p LTER -
BEHA TV ERATMES B LT S RBETEAGE
(2°+1,..,2°-1} 79 - B > FEERSAITE = 1D BRI M S Z it
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B B A B E Max_2 A5 2°-1 -
[0134) —@iS  RABCHEAEZUTEERAES "14,
ORI 5 A 14 {BAZ TR B0 A (8 T 2 A< « HEVC f@ ¥ T 2 1R R i
BB MTTEES 8 @ 10 BT - it - BENTHE= 1D
HRTEESCRHHERNEA NTEERLEREENLETH
TR -
[0135) BTHEHNRTE— ID PBHTHRE L BHLEHEE

@ G I6LTBERT  FEANE— 1D BHEYHATHILY
Bl HRERGEEREHER 12
[0136) B BTHEHNTEEATESZHHEREEE 16
RITREE S FBARYEAZRATE L E b2 H5 R85
CEEEREHER 13-
[0137) BEITS  RARBLEE 10 REARBLEE 20 T
T AR 14 HFREL BB

@ [038] [HER 14]
[0139] | iShift = p-9+log,S
[0140] bits(QP) =iQP/6 + p - 8
[0141) Eeh TS, RRESL AN B TQP, & MiQP, S FIEF
BLESERURLEY - |
[0142) H - scale(QP), AT EARE QP%6 & 7 A 7~ B fH - £
BITTS » # QP%6 BAME 0~ 123+ 45 5 Hl scale(QP)H &

H{E 40 ~ 4551~ 57~ 648 72-
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[0143)] E@EAFGENX 14 FARECHBMBEE - AT HERN
13 BHEHEA 1S -

[0144] [HEK 15]

[0145] | qC | < MaxC * 2”(log,S-1-iQP/6)/ scale(QP)

(0146] HH it > & EFARBEE 10 | KR EIRAREMR
RIBBHERN 15 CRAEE > ARFAMBEE 20 FHECTH
MERERRBGTEN 1S ZRABEEEE L2 B RAREKAIT
R AATESRITHEMZRBGERS - RBHENX 15> 7T
HARBEEREHATEEAMES B LER ZREE KRN
MaxC - B A/N S IR B2 8 QP K QP K AIE #F B R A i 5
HE I0HEZREACHRARWENEE -

(0147] BHERX 5 EARBKX 2 ZHGEEUTHRER 16 -
[0148] [#E3K 16]

[0149) | qC | <

[0150] (Max_1*2°hift-l.p0mat "D)*24(log,S-1-iQP/6)/

(L1_TR_MATRIX 1*scale(QP))
[0151] KMk FHRARBEE 10 MEHERBEAER 16 Z&

REENRENZBRBRE  HRABEBEE 20 BB EUITH I
EREBmEREBEAEN I ZERNGENEEMZBRARBRSITHE
B RPEE A ERTEECCRUKRITE — 1D FHEHE S
wEGERE - RBHEN 16> TEHANBEEEAITE— 1D
WEBmESCEmIER ZEES R/ Max_1 ~ B AN S DUk
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EXSH QP K iQP R EFEBRARBEE 10 HLECREMNLL
WA R R KEE -

[0152) EMBAZHAZ —BROIZIRARBEE 10 Kk AEE
B 20 FAE B/ ERRE > TR A PRAIRKAERE
Lo BIRE R ABEE MAXqC - X AFIRBEELSH QP
B0, BUREEA2H QP B 51, FNKEAMZIEHRFRELZ

R K@ ¥ E MAXqC -

®
[%& A]

: MAXqC |[MAXqC
Inv.Tr. L1 Shiftl |Maxl1 MaxC (QP=0) |(QP=51)
DST4 242 |7 251 17331 866 2
DCT4 [247 |7 2P 16980 849 2
DCT8 |479 |7 2P 8755 875 2
DCT16 (940 |7 2P 4461 (892 2
DCT32 |1862 |7 2.1 2252 900 2

[0153] FEE—HG H EHRARBEE 10 RRAEBEE 20
S /S AR > TR B R R P ER B iR
® REZ KB E MAXqC -

[%& B]

. MAXqC |[MAXqC
Inv.Tr. |L1 Shiftl |[Maxl MaxC (QP=0) |(QP=51)
DST4 (15488 |13 201 17331 866 2
DCT4 [15808 |13 21 16980 849 2
DCT8 (30622 |13 2b.1 8765 875 2
DCT16 (60326 |13 201 4449 892 2
DCT32 [119262 |13 2151 2250 900 2

[0154] 7E= A K% B > "Inv.Tr. ) RoNANEH/HEHE R

43361-D1pif 21 H » # 73 H(FAPIGERAS)



[519142

MRS RREBMEREN RIS - BZEFRILALE
PEHRCEE "L RRBEEQEEEN T 2B ERIRE
fi.z L1 #58% - " Shiftl  RRANERTEER I RETIEMRRLZ
AL TCIE - B ALALTCE Shiftl BEEE - FHPITE — 1D HE
RMER”ZER R KEHE Max]1 7R E E E > L2 K 5 ATt 5
RABHE Maxl BRHEBKR AL ITTREKPIER -

(01551 7REN - fRIEFZ A REX B HiagEfE Ly L] S§EIREEAE
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BUCHEHBRHPLE-BZIRABHE MaxC Ml - &R
HIENAEN 1S PRREZIEX -

[0156] #KT  TE— R T - BlaN - EE2HSBHEH QP B 51, K
REACEBRFHR I EREKYEMACERRYE I ENEEE
MaxC # R & & B E -

[0157] HFREA 12K HEA 16 JHEHFEELEERZ L1 @8I
2P REMNL - BEIME > F—WR/VBERRKAIRER A K
WsEE 2 L1 @8OOIl 27 (log,S+6) » HA[MRIREK B (M
<2 L1 #EHEA L 27 (log,S+12) -

[0158] 2B S - HEHEREZ L1 FHEAM 2" (log,S+6) » Al 5
B 12 KGRI 16 AT #EITREML -
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[0159] [HER 17]

[0160] | MaxC | <Max_1 * 27(shift_1-log,S-6) ;

[0161] | qC| <Max_1 * 27(shift_1-7-iQP/6)/ scale(QP) :

[0162] MaxqC = Max_1 * 2~(shift_1-7-iQP/6)/ scale(QP)

[0163] 40 k= At - *E%%%gthi%?ﬁ%ﬁ@leﬂik%ﬁléﬁﬁﬂt
EZER HEBHANBEERATE - IDFEEAMESGIRHER
ZiREE R/ Max_1 IR EWNZ B QP &k iQP ZKPIE B iRARE

o B I0HMHBRABEEE 20 cREMCERRBCEKREY
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RMEENBEERACEREPITEEM R TBERIRERZ
ERIMFEEET (FI > BREES) IRDMRFREMZHE
PR EREGE - RAMBEE 20 ./ ZKNERERGECKE
e EBEREFRE - B AIEEERKREMCERFREPIT Y E MK
HEARPGAE T EE  NRERRETFERES T -

[0166] 4 BRARBAZH —EROIRARE HE R
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[0172] EFEBREHIT 1D FEBRIRELECERNEREEMT
BT AL TR R ST W HE IR - BRI E R BN TT Z BB KA E
REMCHEBRECEREE » FEEREHERPITYER
KGR REECERNETHINBER TEAE M TEER
BIREEZEK -

[0173] 5 BRPERBARHZ —BHRANRABREHEZIR
T2 -

@ [0174] 7EiRfE 51 o AIEEEHBIATAT B Z A1 7T SR 2 B HR 2K 18
FREMCHEERY - AFCERBEFHMAEREH IER
R EAEHE  FEUBHPTYEEARBLE —FEFETL
MITHRENEREENRYEMCEHRE - BT HRITYE
W R WHER R E _HEET U TREREREREECEE -
[0175] ZE#fE 53 o AIFEHEREM s BB AEPITYE/HK
ERE—NTEEXNFREE CHEHGERE - JHEHERLHER
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i TER i FL B HE 1T A SRS > TR AR FE AT 1D il 1%
TR A T ERAE B BRAR T R ANEE -
[0178] ZERBAFHL —HHEH ZRARBEE 10 LRREAR
BPC B —ERAIZHAMBEE 20 ¢ BRATHES ZEHR
A EX RS EBEEMREES EBET TXTH2EE 6
ZE ISHMRBABRHAL ~EHONENEEBIRGES SHEE
IE LU R 8 4 B 5T 2 TR ERAR B U7 v e 5 B DR TR BR RS U5 s R 5%
B |

[0179] [ 6 BRBEABHI B —BHEFINERLEEREBZ
HBET ZRFRBIERE 100 49 HF5E -

[0180) fRIFABPS —HEME - HNEFRREES SHET
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[0181] HABBETHE S 110 TEAERZEMBEGZ &KX
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256x256 £ ERIEITL > HABEHETIHREEEURRES 2
MEBCIERAF - ERERARBEELS —ERAEHEETT &
EHEBETAES 120 -

[0182) IRBABHL —HMBIK SHEETTHEHRKANAR
REREY FERTEBETHRABBETAEEM ESHZ

43361-D1pif 532 H 4 73 H(EADIGRAE)



[519142

R HEZREME REBEFEZEBERBETAERAEH
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RIEIBREZEHBETTESHERBETERENSBEEHE
FE
[0183] #n b= frat - ERTEGIEGENRBESBETZIEK
@ < NAEBRRARBET: ERABHBETTHNE-FIESR
BREMSENBEESHBET  HRBREAFHZI —EFHOIN K
REBELTEREREERSE  HUEBEREAREHBETTCE
FEBEGEN AT RBEREMEE X 2HE -
[0184] RRHIFABHBELZSEUREERENSEZHRE
MEBETCEREELURERRKNTREER -
[0185] ERRSEE T#IER 120 HEHRBEERSEEABTHE
@ TLEBMEGNES—EITEERMFES > HAEEELURE
FritE > —EoEBBRKELEERBIEEEN  #BEZ B
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[0187] FEXRWBHTREBEEEMEREASEF > HEZRTHET
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FER—EGRBBETHCR—RE NUEHEBEANE -8
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