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63 34 49  10  14  −13 Set #k

Quantization step #1

Threshold T0=32 1 1 1   0   0   0 Bitplane #1

Subset #k after Quantization step #131 3 17   10   14  −13

Quantization step #2

Bitplane #21 0 1 0 0    0Threshold T0=16

1 0 1 Bitplane #31 1   − 1

3 Subset #k after Quantization step #3  7 1    2    6   −5

Threshold T0=8

Quantization step #3

3 Subset #k after Quantization step #215 1   10   14  −13
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=A(C,7D?(C,.0<#M0<+�B%-5YZD.12=?=7,.6�(nV�(*&N-*h�=�0<+�,.6�(n=.,.-/,A(j=A$X-5YZ(j#%1@V>(*&�YZ(*&<&o=A,AD?WXYZ,.W�D.(*=CQ
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�m,�8p-5=�(Z]�$X&<-50<+>(*Vd0<+d=A(*YZ,.0)12+�{@Q �@�'6�1H8 ,A1%15k>,.-50<+i-5+i0N+�,A(CB5(CD!,A1M0<+�,A(CB5(CD!8q-HG5(*&)(C,�,AD`-5+>=r�
4L15D?#gW>=.0<+�By,.6�(d&<0)4L,.0<+�B�=A,AD?W>YZ,.W�D?(5Q~�76>0<=j,AD?-5+>=.4J15D?#g0<=3154!$X-/D.,.0<YCW>&N-/D3W>=.(�0N+f0<#�-/B5(O$XD.1@YZ(*=?=.0<+�B
-/$>$X&N0<YC-/,.0)12+>=j8�6�(CD.(b,.6�(d0<+�$XW>,�0<#M-/B5(dV>-/,.-
-/D.(d0<+�,A(CB5(CD?=CQ��r+~(*-5Y`6�&<0)4L,.0<+�B�=.W�kX=A,A(C$s�P,.6>(OD?(*=.W>&),
15k>,.-50<+>(*Vf-/4L,A(CD%$X-5=.=.0N+�B�,.6�D?12W�B26~,.6>(OW�$�V>-/,A(O15Du$>D.(*V>0NYZ, � &),A(CDuYZ1@(C��YC0)(*+�,uYC-5+�kx(�D?12W>+>V�(*V�-5=
0<+�,A(CB5(CD?=7kx(C4L15D.(n-5V>V>0N+�Bu15D�=.W�k>,AD`-5YZ,.0<+�B�Q

��G5(*+�,.6�12W�B26M,.6>(7D.(*=.W>&<,.=�154 � &),A(CD?0<+>B;YC-5+bkx(�D.12W>+>V>(*V%-5=�0<+�,A(CB5(CD?=C��,.6�(jR��@���5^ � &),A(CD�WX=A(*=
0)D.D`-/,.0)12+>-5& �>12-/,.0<+�Bd$x120<+�, � &),A(CD�YZ1@(C��YC0)(*+�,.=CQM�76>(MW>=A(%154 �>12-/,.0<+�Bd$x120<+�,;15$l(CD`-/,.0)12+>=n#M-/a5(*=�,.6�(
YZ12#%$XW>,.-/,.0)12+>=�YZ12#%$'&)(Z]M-5+>VM=.&)1w8�(CDq0<+%6>-/D?V>8q-/D.(5Q[��,�0<=�kx(C,A,A(CD�,A1jW>=A( � ]�(*V%$x120<+�,�V>-/,.-:D.(C$>D?(*=A(*+��
,.-/,.0)12+OD?-/,.6�(CDq,.6>-5+ �>12-/,.0<+>B�$x120<+�,�D.(C$>D?(*=A(*+�,.-/,.0<12+�154o,.6>(SYZ1@(C��YC0)(*+�,.=q,A13-5Y`6>0)(CG5(:YZ12#%$XW�,.-/,.0<12+>-5&
(C��YC0)(*+XYZhO0<+O,.6�(n6X-/D?V�8p-/D.(5Q �[0�]�(*V�$l120N+�,�V>-/,.-uD.(C$XD.(*=A(*+�,.-/,.0)12+i-5+>Vd0<+�,A(CB5(CD7D.12WX+>V>0<+�B31/��-/,7,.6�(
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(*+>Ve154S(*-5Y?6�&N0)4J,.0N+�By=.,A(C$�8q-5=�W>=A(*V�,A1~V�(*=.0<B2+f,.6>(���-/,.&<-/k 0<+�,A(CB5(CDb#%1@V>(*&�4L15DM,.6�(FR��@���5^ � &),A(CD
0<+�,.6X0<=n,.6�(*=?0<=CQ��76�(*=A(�V>(*=.0)B2+~=.,AD?-/,A(CB20)(*=3#M-5V�(�,.6>(bYZ12#%$XW>,.-/,.0)12+F4U-5=A,A(CD38�6�(*+�,.6�(O#%1�V�(*&�8p-5=
0<#%$'&)(*#%(*+�,A(*Vd0<+d6>-/D?V�8p-/D.(5Q

��+�,.6>(�V�(*=.0)B2+�154[,.6�(n#M1@V�(*&���,.6�(:4J12&N&)1H8�0N+�B%-5=.=.W>#%$X,.0)12+>=p8q(CD.(�#M-5V�(5Q

�/Q���6�(n0<+�$XW>,.=q-5+XVd12W�,A$XW�,.=7,A1M,.6�(�YZ12#%$'W�,.-/,.0)12+>-5&oYZ(*&N&�W>=A(*V����uk'0),�$x15D.,.=CQ

{@Q���-5Y?6
YZ12#%$XW>,.-/,.0)12+>-5&PYZ(*&<&sW>=.(*V�- ����� ���O#3W>&),.0)$X&N0)(CD�-5+>V�,A1�#M-50<+�,.-50<+ � ]@(*V�V>-/,.-b$X-/,.6�154
���%kX0),.=�,.6�(:12W>,A$XW�,�154[,.6�(n#3W>&),.0)$X&N0)(CD�8p-5=�&<(C4J,7=.6X0)4J,A(*VoQ

�76�( � &),A(CD�YZ1�(C�bYC0)(*+�,.=p8q(CD.(;=.YC-5&)(*V�,A1 ���jkX0),.=�k�hb#jW>&<,.0)$X&)h�0<+�B:(*-5Y`6dYZ1�(C��YC0<(*+�,pk@hO{ � � Q
 p,:,.6�(u(*+>Vy154�,.6�(%#3W>&),.0)$'&<0<YC-/,.0)12+��',.6�(u$>D.1�V>W>YZ,uR �5{OkX0),.=`^78q-5=:=?YC-5&)(*V�V�1H8!+�,A1����OkX0<,.=!k@h�&)(C4L,
=.6>0<4J,.0<+>B�k�h �LK�kX0),.=b-5+>V &<12=.0<+�B�,.6�(�{~�
� � 
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YZ12#%$XW>,.-/,.0)12+>-5&PYZ(*&<&s8q(CD.(%V�(*=.0<B2+�(*Vi,A1d-5YCYZ(C$>, ����kX0),�G/-5&<W�(*=*Q;��0<+XYZ(�,.6�(uV>-/,.-/$X-/,.6y8p-5= � ]@(*Vy-/,
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z−1 z−1

z−1

z−1 z−1

16
16

14

  16

16
16

16 16

16

�[0)B2W�D.( K�Q�� � �q&<1@Y?a�VX0<-/B5D?-5#�154P$>D.(*V>0NYZ,7YZ(*&<&�0<+�,.6�(�0N+�,A(CB5(CDS#%1@V>(*&x154pR��@���5^ � &),A(CD

�m,q8p-5=q+>15,A(*Vb8!6>0<&)(7,AD`-5+>=A4L15D?#M0<+�BOR�{6M �3B5D?-*h�=.YC-5&)(w^�0<#M-/B5(*=pW>=?0<+�Bn,.6�(;V�(*=.YZD`0)kx(*V�#%1�V�(*&
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�C(CD?12=
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8q(CD.(MW>=A(*Vy,A1iYC&)(*-/Dn,.6>(3D?(CB20<=A,A(CD?=:kx(C4L15D.(u,.6�(%+�(C8 &<0<+>(j154�12+�(MV>0<#%(*+X=.0)12+>-5&IV>-/,.-d0<=;D.(*-5V�0<+oQn�m4
,.6�(!D.(CB20<=A,A(CD?=�8q(CD.(S+>15,qYC&)(*-/D?(*V���,.6>(�12W�,A$XW>,�8p-*G5(*&)(C,�YZ1@(C��YC0)(*+�,.=qYZ15D?D.(*=A$x12+>V>0<+>B:,A1j,.6�(;+�(C8\&<0<+�(
8q12W>&<VdV�(C$x(*+>V�12+d,.6>(n$>D.(CG�0)12W>=�&<0N+�(!154�0<+>$XW�,.=CQ

� ��	 � � � � � ����� 	 � � � � � � ��� � � � � ��� ��� ��� ��� ! � ��� �

�76�(!,�8q1uVX0<#%(*+>=.0<12+>-5&�8p-*G5(*&)(C,p,AD?-5+>=.4J15D?# (Z]�$X&<-50<+�(*Vb0<+O=A(*YZ,.0)12+ �/Q �/Q �:=.6�1H8!=�,.6>-/,p(*-5Y`6
&)(CG5(*&q1547,.6�(O8p-*G5(*&)(C,MV�(*YZ12#M$l12=?0),.0)12+~0N+�G512&)G5(*=3,m8�1F=A,.-/B5(*=3�;D.1w8|$XD.1@YZ(*=?=.0<+�By-5+>VfYZ12&NW>#M+f$>D.1/�
YZ(*=.=.0N+�B�Q:��4�,.6�(u-5&)B515D?0<,.6># V�1�(*=S,.6�(uYZ12&<W>#�+�8!0<=A(�,AD`-5+>=A4L15D?# -/4J,A(CD:,.6�(3D.1w8 8�0<=A(j,AD?-5+>=A4L15D?# 0<=
YZ12#%$X&<(C,A(*VM0),�0<=[YC-5&<&)(*V%-:&)(CG5(*&>k�h3&)(CG5(*&>-5&)B515D?0<,.6>#dQI��6�(7&)(CG5(*&�k@hj&)(CG5(*&>-/D`Y?6>0),A(*YZ,.W>D.(�,.6�WX=[D.(*c�WX0)D.(*=
-5+�0<+�,A(CD?#%(*V>0<-/,A(S#%(*#%15D.h�154o,.6�(:=.0��C(!154s,.6�(:{/9!��V>-/,.-ukx(*0<+�Bn,AD?-5+X=A4J15D`#%(*V�,A1%=A,A15D?(S,.6>(!D.1w8\8�0<=A(
,AD?-5+>=.4J15D?#M(*V�V>-/,.-�Q7�76>(�=.0��C(j154P,.6>(j6>-/D?V>8q-/D.(30<+>YZD.(*-5=.(*=78�0),.6i,.6�(j&<-/D?B5(j0<+�,A(CD?#%(*V>0N-/,A(�#%(*#%15D.h
-5+>V�6�(*+>YZ(5��W>=.WX-5&<&)hy,.6�(O&<(CG5(*&�k@hF&)(CG5(*&q-/D?Y?6>0<,A(*YZ,.W�D.(�W>=A(*=j,.6�(b(Z]�,A(CD?+>-5&q#%(*#%15D?hF-5=j,.6>(b0<+�,A(CDA�
#%(*V>0N-/,A(O#%(*#M15D.h5Qy�!1H8q(CG5(CD*��WX=.0<+�B�,.6�(b(Z]�,A(CD?+>-5&q#%(*#%15D?h~0<+>YZD.(*-5=.(*=�,.6�(�+@W>#�kx(CDj154�#%(*#%15D.h
-5YCYZ(*=.=A(*=p8!6>0<Y?6O0<+b,.W�D?+�D.(*V>W>YZ(*=q,.6�(S,.6�D.12W�B26>$XW�,�154s,.6�(S=.h@=A,A(*#iQ��76�(!6X-/D?V�8p-/D.(SW>,.0<&<0��*-/,.0)12+�8�0<&<&
-5&<=A1ykx(b&)1w8|VXW�(b,A1y,.6�(O8q-50<,.0<+�B�,.0N#%(b4L15D312+�(O=.,.-/B5(O,A1�YZ12#%$'&)(C,A(bkx(C4L15D.(O,.6�(b+�(Z]�,u=A,.-/B5(iYC-5+
=A,.-/D.,CQ��!(*+>YZ(5��8�(�&<1�15a5(*Vb-/,�,.6�(�W>=.(7154l-j{/9���=.(C$X-/D?-/kX&)(!,AD?-5+>=A4L15D?#�8�6X0<Y?6M=.,.-/D.,A(*VM,.6�(!+�(Z]@,�=.,.-/B5(
154P$>D.1�YZ(*=.=.0<+�B%0<+d-%V>(*YZ12#%$x12=.0),.0)12+d-5=7=.1�12+i-5=7,.6�(�#M0<+X0<#jWX#�D.(*c@W>0)D?(*VOVX-/,.-%4J15D�$>D.1�YZ(*=.=.0<+�Bu8p-5=
-*G/-50<&<-/k'&)(5Q

��15D`#M-5&<&)h�0<+ ,.6�(�{/9!��9�E\�:�p6�15D?0��C12+�,.-5& � &),A(CD?0<+�B�0<=�V�12+�( � D?=.,M4J12&N&)1H8q(*V k@h�G5(CD?,.0<YC-5&
� &),A(CD`0<+�B�Q!��12=A,;154�,.6�(u-/$>$X&<0<YC-/,.0<12+>=�=.YC-5+y,.6�(u0<#M-/B5(3D.1w8K8!0<=A(5Q�E�(34L12W>+>V�,.6>-/,S0<4�8�(u=.YC-5+y,.6�(
0<+�$'W�,�0<#M-/B5(�D?1H8"k@huD.1H8���,.6�(!#%(*#%15D.huD.(*c@W>0)D.(*V�0)4'D?1H8"$XD.1@YZ(*=?=.0<+�Bn0<=�V�12+�( � D`=A,�4L12&<&)1H8q(*VMk@hu,.6�(
YZ12&<W>#�+�$>D?1@YZ(*=.=?0<+�B�0<=S-/kx12W�,S,�8q1O,.0N#%(*=�,.6>(315D`V�(CD!154�,.6�( � &),A(CDSWX=A(*V�Q!�!1H8q(CG5(CD*�s0<4�,.6�(3YZ12&NW>#M+
$>D.1�YZ(*=.=.0N+�Bb0<=;V�12+>( � D`=A,!4L12&<&)1w8�(*Vyk@h�,.6�(uD.1w8�$>D.1�YZ(*=.=.0<+�B�0<+�,.6�(M{/9!��=A(C$X-/D?-/kX&<(3,AD`-5+>=A4L15D?#d�x,.6�(
-5#%12W>+�,�154o#M(*#%15D.huD.(*c@W>0)D.(*VM0N=xv.W>=A,�(*c@W>-5&>,A1j,.6�( � &),A(CD�15D?V�(CDHQ��>15Dq(Z]�-5#%$X&<(5��YZ12+>=.0NV�(CD�,.6�(uR��@���5^
� &),A(CDuW>=A(*V�0<+~4J15D.8p-/D?V�8p-*G5(*&)(C,%,AD?-5+X=A4J15D`#dQ� p,%&)(*-5=A,%��(*&)(*#%(*+�,.=3-/D?(OD?(*c�W>0<D.(*VF4L15Dj$XD.1@YZ(*=?=.0<+�B
,.6�(OV>-/,.-�Q��!(*+>YZ(�,.6�(bD.1H8|8�0<=.(M,AD?-5+>=A4L15D?# =.6�12W>&<VF$>D.1�YZ(*=.=j�i(*&)(*#%(*+�,.=30N+~�dD.1w8�=j,A1�B20)G5(O,.6�(
�bD.1H8�$>D?1@YZ(*=.=.(*V�(*&<(*#%(*+�,.=;4L15D;,.6�(%YZ12&<W>#M+�$>D.1�YZ(*=.=.0N+�B�Q���0<+>YZ(3+>0<+�(u-/$>$>D.1H]�0N#M-/,.0)12+y-5+>V
V�(C,.-50<&
YZ1@(C��YC0)(*+�,.=30N+F-�YZ12&NW>#M+�4LD.12# D.1H8|8�0<=A(�,AD?-5+>=A4L15D?#M=j0<=�+�(C(*V>(*V~=.0<#3W>&),.-5+>(C12W>=.&)hy4J15Du-�YZ12&NW>#M+
8�0<=.(%,AD?-5+>=A4L15D?#d�[��D.1H8!=�=.6�12WX&<V
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s0

start

to the memory banks, svmem[4]−svmem[8]
write the first 5 rows of the 2D−data

s7 read from the banks svmem[1]−svmem[9]
write the next two rows to svmem[10], svmem[0]

write the next two rows to svmem[1], svmem[2]
read from the banks svmem[3]−svmem[10],svmem[0]

write the next two rows to svmem[3], svmem[4]
read from the banks svmem[5]−svmem[10],svmem[0]−svmem[2]

write the next two rows to svmem[5], svmem[6]
read from the banks svmem[7]−svmem[10],svmem[0]−svmem[4]

write the next two rows to svmem[7], svmem[8]
read from the banks svmem[9]−svmem[10],svmem[0]−svmem[6]

s1

s2
write the next two rows to svmem[0], svmem[1]
read from the banks svmem[2]−svmem[10]

write the next two rows to svmem[4], svmem[5]
read from the banks svmem[6]−svmem[10],svmem[0]−svmem[3]

write the next two rows to svmem[6], svmem[7]
read from the banks svmem[8]−svmem[10],svmem[0]−svmem[5]

read from the banks svmem[10],svmem[0]−svmem[7]
write the next two rows to svmem[8], svmem[9]

s3
write the next two rows to svmem[2], svmem[3]
read from the banks svmem[4]−svmem[10],svmem[0]−svmem[1]

s4

s5

s6

write the next two rows to svmem[9], svmem[10]
read from the banks svmem[0]−svmem[8]

s8

s9

s10

s11
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1 2 3 4 5 6 7 8 9

Module

1 2 3 4 5 6 7 8 9
svout sh1mem

Module

dvout sh2mem

LL

LH

HL

HH

DWT

DWT
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s0

start

s7

s1

s2

s3

s4

s5

s6

s8

s9

s10

s11

write the first 3 columns of each subband (LL.LH)
to the memory banks, shmem1[3]−shmem1[8]

write the next two columns to shmem1[9], shmem1[10]
read from the banks shmem1[0]−shmem1[8]

write the next two columns to shmem1[0], shmem1[1]
read from the banks shmem1[2]−shmem1[10]

write the next two columns to shmem1[2], shmem1[3]
read from the banks shmem1[4]−shmem1[10],shmem1[0]−shmem1[1]

read from the banks shmem1[6]−shmem1[10],shmem1[0]−shmem1[3]
write the next two columns to shmem1[4], shmem1[5]

write the next two columns to shmem1[6], shmem1[7]
read from the banks shmem1[8]−shmem1[10],shmem1[0]−shmem1[5]

write the next two columns to shmem1[8], shmem1[9]
read from the banks shmem1[10],shmem1[0]−shmem1[7]

write the next two columns to shmem1[10], shmem1[0]
read from the banks shmem1[1]−shmem1[9]

write the next two columns to shmem1[1], shmem1[2]
read from the banks shmem1[3]−shmem1[10],shmem1[0]

write the next two columns to shmem1[3], shmem1[4]
read from the banks shmem1[5]−shmem1[10],shmem1[0]−shmem1[2]

write the next two columns to shmem1[5], shmem1[6]
read from the banks shmem1[7]−shmem1[10],shmem1[0]−shmem1[4]

write the next two columns to shmem1[7], shmem1[8]
read from the banks shmem1[9]−shmem1[10],shmem1[0]−shmem1[6]
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Module

1 2 3 4 5 6 7 8 9

Module
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out1

out2

out3

out4
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