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Average
Register File
Geometery
Add Block 296 2.8% 249 18.2% 290 4.7% 431 -41.7% 256 16.0% 304
Block Match 356 27.7% 572 -16.2% 356 27.8% 730 -48.2% 448 9.0% 492
Clip Test & Project 5,261 -10.8% 6,755 -42.3% 2,840 40.2% 2,139 54.9% 6,735 -41.9% 4,746
Color Space 14,517,360 -101.9% 2,073,744 71.2% 14,517,360 -101.9% 2,419,504 66.3% 2,419,296 66.3% 7,189,453
DCT 2,424 52.4% 19,008 -273.1% 2,420 52.5% 304 94.0% 1,320 74.1% 5,095
FFT 99,797 12.0% 171,163 -50.9% 95,117 16.1% 118,560 -4.5% 82,408 27.3% 113,409
IDCT 1,640 -60.6% 682 33.2% 1,640 -60.6% 320 68.7% 824 19.3% 1,021
Max Value 852 20.6% 782 27.1% 852 20.6% 2,098 -95.5% 783 27.1% 1,073
Mix Stereo 823 -17.5% 503 28.2% 823 -17.5% 505 27.9% 849 -21.2% 701
Quantize 4,733 45.6% 7,391 15.1% 4,675 46.3% 21,098 -142.5% 5,609 35.5% 8,701
Short Term Anal. Filter 8,584 -105.0% 3,056 27.0% 8,584 -105.0% 272 93.5% 440 89.5% 4,187
Short Term Synth. Filter 7,100 -93.3% 3,448 6.1% 7,100 -93.3% 274 92.5% 441 88.0% 3,673
Subsample Horizontal 13,685,804 -67.3% 2,945,448 64.0% 13,685,892 -67.3% 5,642,508 31.0% 4,930,600 39.7% 8,178,050
Subsample Vertical 8,300,932 -88.5% 1,123,328 74.5% 8,301,052 -88.5% 2,137,092 51.5% 2,160,040 51.0% 4,404,489
Synthesis Filter 4,080 -2.2% 4,136 -3.6% 4,144 -3.8% 3,273 18.0% 4,328 -8.4% 3,992
Xform & Normalize 3,037 -34.6% 1,976 12.5% 2,162 4.2% 1,659 26.5% 2,451 -8.6% 2,257

Average 2,290,192 -26.3% 397,640 -0.6% 2,289,707 -20.4% 646,923 18.3% 601,052 28.9%

Motorola Sun

31x64b (Int) 8x64b (FP), 8x128b 32x128b 32x64b

AMD

8x64b (FP)

DEC Intel
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������������������������� �"!�#$��%'&�(*)�+���,-�.��/�,0�21�,03-��4 1657�83030�2+:9;�83=<8��� �'�>1?1@�8�84A��/*,0B��DC=E	<8�><-B��*F7G 4AH�,0B��83?IJH>3-+�18K�L�4 <8�><-B��2+
M � M H>30/A,03-��NO<2P=��30�.� GQ16,0�2+RG 4O,0B��S� ��5T,	1@L��U<�H>� L M 4 18K�I	G ,0BO,0B��S9;�83-<��84�,	+'�8V�GQ��,0G H>4R5730H M ,0B�� M �2��4OV���� L��21SFXWZYS[\P$]>G V>�84OG 4O,0B��S30G ]>B�,
1@L��U<�H>� L M 4 18̂ _̀=��� L��21$G 4�aTbdc�e agfih*G 4 +'GQ<8��,0�.j>�8304��8�Q1=I	B�GQ<-Bk��30�DG M 9�� � M �84�,0�2+RG 4�lm+'L��D,0HZ�Q�><-j�G 4�]An�o6[pYqG 4 16,030L <i,0G H>4k1@��,$57L�4 <i,0G H>4 ��� G ,6/>̂

Int Load/Store 2.41E+08 (5.4%) 1.51E+09 (20.3%) 2.19E+08 (6.2%) 1.09E+08 (2.4%) 1.47E+08 (2.6%)
Int Arithmetic 5.43E+08 (12.1%) 2.18E+09 (29.2%) 4.34E+08 (12.3%) 8.65E+08 (19.1%) 1.49E+09 (26.6%)
Int Control Flow 5.75E+08 (12.8%) 8.41E+08 (11.3%) 4.73E+08 (13.4%) 6.26E+08 (13.8%) 5.20E+08 (9.3%)
Int Data 
Communication

1.03E+08 (2.3%) 4.98E+08 (6.7%) 7.50E+07 (2.1%) 4.75E+07 (1.1%) 0.00E+00 (0.0%)

FP Load/Store 1.42E+08 (3.2%) 8.36E+08 (11.2%) 1.40E+08 (4.0%) 3.35E+08 (7.4%) 4.48E+08 (8.0%)
FP Arithmetic 0.00E+00 (0.0%) 1.34E+09 (18.1%) 0.00E+00 (0.0%) 1.04E+08 (2.3%) 4.69E+08 (8.4%)
FP Control Flow 0.00E+00 (0.0%) 1.05E+07 (0.1%) 0.00E+00 (0.0%) 0.00E+00 (0.0%) 3.50E+08 (6.2%)
FP Data 
Communication

0.00E+00 (0.0%) 0.00E+00 (0.0%) 0.00E+00 (0.0%) 8.73E+05 (0.0%) 0.00E+00 (0.0%)

SIMD Load/Store 8.70E+08 (19.4%) 0.00E+00 (0.0%) 7.40E+08 (21.0%) 8.12E+08 (17.9%) 6.56E+08 (11.7%)
SIMD Data 
Communication

5.50E+08 (12.3%) 0.00E+00 (0.0%) 4.43E+08 (12.6%) 7.67E+08 (17.0%) 5.44E+08 (9.7%)

SIMD Int Arithmetic 5.61E+08 (12.5%) 2.28E+08 (3.1%) 6.62E+08 (18.8%) 5.36E+08 (11.8%) 7.61E+08 (13.6%)
SIMD Int Control 
Flow

0.00E+00 (0.0%) 0.00E+00 (0.0%) 0.00E+00 (0.0%) 5.23E+03 (0.0%) 1.97E+08 (3.5%)

SIMD FP Arithmetic 8.95E+08 (19.9%) 0.00E+00 (0.0%) 3.27E+08 (9.3%) 3.12E+08 (6.9%) 0.00E+00 (0.0%)
SIMD FP Control 
Flow

2.91E+05 (0.0%) 0.00E+00 (0.0%) 1.46E+05 (0.0%) 8.12E+04 (0.0%) 0.00E+00 (0.0%)

Control State 8.24E+06 (0.2%) 0.00E+00 (0.0%) 8.35E+06 (0.2%) 1.25E+07 (0.3%) 2.16E+07 (0.4%)
Total 4.49E+09 100% 7.45E+09 100% 3.52E+09 100% 4.53E+09 100% 5.60E+09 100%

Sun UltraSPARC IIiAMD Athlon DEC 21264A Intel Pentium III Motorola G4
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=sut;����%��g�$����v8w8��x�(�w2yg�;�m��y7z�)?<�H>L�4�,-1{��30�D� GQ16,0�2+OI	G ,0B|9;�83-<��84�,-��]>�21=G 4k9 ��30�84�,0B��21@�218^=l$H>4�,030H>�;16,-��,0�.G 4 16,030L <i,0G H>4 1{��30�	,0B�H�1@�
I	B�GQ<-B}G 4�,0�83-�><i,~I	G ,0B�1@9;�2<�GQ���?9�L�309;H�1@�u30�8]>GQ16,0�83-18^Ol$H>4�,030H>�`� H�I�G 4 16,030L <i,0G H>4 1*G 4 <�� L +'�R��3-��4 <-B��21*�>1*I{�>1~�>1~<�H>4 +'G ,0G H>4 ��� M H�V>�21*��4 +
<�H M 9 ��30GQ1@H>4 18^

��9 ��3@,0GQ<�L��Q��3Zj>�8304��8��^p�{B�GQ1 M ��,030GQ<RG 4 +'GQ<8��,0�21ZB�H�I M L <-B��;��,@,0�83
H>3~IJH>3-1@�Z,0B ��4��"V>�83-��]>�>K
��4 +�9�30H�V�GQ+'�21*��4�H>3 M ��� G �8�2+p30�21@L�� ,~57H>3
<�H M 9�L',0G 4�]\,0B����"V>�83-��]>�RG M 9�30H�V>� M �84�,AH>3u+'�8]>3-�>+���,0G H>4�G 4�9;�83@)
57H>3 M ��4 <��>^�������� ����� GQ16,-1O,0B����"V>�83-��]>�\WZYS[�FT,0B��}��30G ,0B M ��,0GQ<
�"V>�83-��]>�ZH�5$,0B��|WZYS[�V���� L��21S57H>3:��� �?H�5J,0B��Rj>�8304��8�Q1SH>4}�|]>G V>�84
9��Q��,@57H>3 M Pi^
�{B��u��� ]>H>30G ,0B M � M 9�� H�/>�2+���/|,0B��AH>30G ]>G 4 ����[��=�J�.)6�O�84 <�H'+'�83

Y~lJ��<�H'+'�\Fg�D� ]>H>30G ,0B M ��P*GQ1Z4�H�,ZV>�830/���NO<�G �84�,:)*G ,AL 1@�21Z+'H>L')
��� �R9�30�2<�GQ1@G H>4\� H���,0G 4�]�9;H>G 4�,:I	B��830�A���'�2+�9;H>G 4�,ZG 4�,0�8]>�83:1@B�H>L��Q+
9�30H�V�GQ+'��1@L'NO<�G �84�,R9�30�2<�GQ1@G H>4�Fg��4 +mGQ1u,6/�9�GQ<8��� � /�5g�>16,0�83RH>4 M H�16,
��3-<-B�G ,0�2<i,0L�30�21-P:� od�=�=�$��E8�X^k�J�2<8��L 1@�Z,0B��OY~lJ����4 +\o6Y~lJ����� ]>H�)

30G ,0B M 1*��30�ZH�5$,0B��R10� M �A<�H M 9�L',-��,0G H>4 ���`H>3-+'�83SH�5 M ��]>4�G ,0L +'�uG ,
M G ]>B�,J1@�8� M 16,03-��4�]>�{,0B ��,=,0B��8/R+'� M H>4 16,03-��,0�D1@L <-BO+'G �U�830�84�,J9;�83@)
57H>3 M ��4 <��`G M 9�30H�V>� M �84�,-1=Fg������� �J�>Pi^��D4�� G j>�?,0B��$H>30G ]>G 4 ���"57H>30I{��3-+
Y~lJ��<�H'+'�AI	B�GQ<-B�I{�>1*<�H M 9�L',0�2+\G 4\� H���,0G 4�]|9;H>G 4�,2K�,0B��R10<8���Q��3
G 4�V>�83-1@��Y~lJ��1@H>L�3-<���<�H'+'��Fg�D� ]>H>30G ,0B M r�PuGQ1RI	30G ,@,0�84�G 4����'�2+
9;H>G 4�,:G 4�,0�8]>�832^O�{B�L 1~G ,:GQ1 M L <-B M H>30�R+'G 30�2<i,0� /�<�H M 9 ��3-����� �Z,0H
H>L�3J���'�2+|9;H>G 4�,DG 4�,0�8]>�83Dn�o6[pY�G M 9�� � M �84�,-��,0G H>4 18^
�{B��?5g�><i,�,0B ��,
,0B��$H>30G ]>G 4 ����l�Y~lJ����� ]>H>30G ,0B M GQ1�� H���,0G 4�]D9;H>G 4�,

��4 +A,0B��~n�o6[pYqG M 9�� � M �84�,-��,0G H>4 1J��30�	���'�2+�)X9;H>G 4�,$G 4�,0�8]>�83 M �2��4�,
,0B ��,?G ,=I{�>1�4�H�,$��9�9�30H>9�30GQ��,0�=,0H*L 1@�J,0B��	H>30G ]>G 4 ���'<�H'+'�	�>1�,0B��= @1@H�)
� L',0G H>4�¡?57H>3
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Add Block (9.6x) 1,087 114 (1.9x) 669 350 (6.4x) 969 152 (2.5x) 1,054 423 (4.9x) 1,662 342 (5.0x) 1,088 276
Block Match (7.0x) 1,801 257 (2.6x) 979 379 (4.9x) 1,855 381 (3.4x) 1,466 437 (2.8x) 2,408 852 (4.1x) 1,702 461
Clip Test & Project (1.6x) 7,374 4,559 (1.0x) 8,591 8,591 (1.3x) 7,938 6,336 (2.6x) 8,906 3,427 (1.0x) 12,222 12,222 (1.5x) 9,006 7,027
Color Space (9.4x) 122,103,855 12,924,258 (1.7x) 22,399,926 13,043,849 (5.6x) 60,141,946 10,803,618 (4.5x) 58,043,968 12,959,530 (2.7x) 62,015,071 22,994,253 (4.8x) 64,940,953 14,545,102
DCT** (16.9x) 24,332 1,438 (19.7x) 12,475 632 (31.1x) 38,192 1,228 (36.6x) 33,176 907 (9.2x) 30,922 3,353 (22.7x) 27,819 1,512
FFT (2.0x) 125,484 63,446 (1.0x) 67,321 67,321 (1.7x) 147,047 84,661 (2.0x) 232,272 116,828 (1.0x) 111,258 111,258 (1.5x) 136,677 88,703
IDCT (3.6x) 2,999 827 (1.0x) 1,276 1,276 (2.8x) 2,772 993 (3.9x) 3,326 847 (1.5x) 3,782 2,508 (2.6x) 2,831 1,290
Max Value (4.0x) 2,407 604 (1.0x) 1,143 1,168 (3.8x) 2,536 669 (6.6x) 4,110 618 (0.7x) 6,165 8,715 (3.2x) 3,272 2,355
Mix Stereo (2.8x) 956 341 (1.0x) 616 616 (2.0x) 1,065 528 (3.8x) 1,710 446 (2.1x) 3,550 1,716 (2.3x) 1,579 729
Quantize (1.8x) 34,233 18,557 (1.0x) 19,549 19,549 (2.5x) 37,100 15,010 (2.1x) 29,488 14,335 (1.0x) 34,928 34,928 (1.7x) 31,059 20,476
Short Term Analysis Filter (1.5x) 15,268 9,887 (1.0x) 11,120 11,120 (1.5x) 16,129 11,003 (6.5x) 24,156 3,729 (2.5x) 36,773 15,009 (2.6x) 20,689 10,150
Short Term Synthesis Filter (2.9x) 21,849 7,425 (1.0x) 19,208 19,208 (7.6x) 43,582 5,759 (6.5x) 23,721 3,672 (3.2x) 48,660 15,202 (4.2x) 31,404 10,253
Subsample Horizontal (1.4x) 15,977,835 11,337,253 (1.0x) 9,210,928 9,264,521 (1.3x) 15,777,956 11,714,792 (1.6x) 17,472,826 10,849,858 (0.9x) 17,707,829 19,521,092 (1.3x) 15,229,475 12,537,503
Subsample Vertical (2.4x) 25,517,638 10,791,669 (3.3x) 14,680,887 4,487,870 (2.2x) 21,969,585 10,049,618 (9.6x) 29,349,708 3,070,046 (3.8x) 39,872,378 10,457,565 (4.2x) 26,278,039 7,771,354
Synthesis Filter (2.8x) 7,308 2,585 (1.0x) 4,900 4,900 (1.8x) 8,349 4,718 (1.8x) 4,917 2,727 (1.0x) 7,138 7,138 (1.7x) 6,522 4,414
Transform & Normalize (2.5x) 11,527 4,597 (1.0x) 7,990 7,990 (4.7x) 20,491 4,338 (27.4x) 81,985 2,998 (1.0x) 14,455 14,455 (7.3x) 27,290 6,876

Arithmetic Mean (4.5x) 10,240,997 2,197,989 (2.5x) 2,902,974 1,683,709 (5.1x) 6,138,595 2,043,988 (7.6x) 6,582,299 1,689,427 (2.5x) 7,494,325 3,325,038
Geometric Mean (3.1x) 47,328 15,063 (1.5x) 27,110 18,626 (3.1x) 52,161 16,694 (4.8x) 60,056 12,416 (1.7x) 66,825 38,312

Sun UltraSPARC IIi Arithmetic MeanAMD Athlon DEC Alpha 21264 Intel Pentium III Motorola G4
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��!�!#"%$�&�')(+*-,/. 0)�21�� .31%,/�245. 6�6�798/0:���<;=796�,2>@?BA%CEDF�91/1G�H0
��� IE,/. 0)�21
� .31%,/�245. 6�JLKNM�O J�PRQS>@1GT��H�24�U�T1GV�7�W�6#,/7
,/V��X� �S;L,�. 6Y1G.34��Z7�;\[=TY��8/�H6�,/V��21G�21̂ ]R_<̀X�H8/6��H�31�W�. ,/Va�
b98/�HI)�Y�9ĉ dBb98/79U�6Y4:W\�H8/�e6�7�,f. 0)T�� �H0)�H6�,/�24g. 6h?BA%CEDi4�U��Z,/7j. 6Y1GU�k#cS. �H6�,. 6Y1%,/8/UYcR,/. 796E1G�S,e;=U�6YcR,/. 796Y��� . ,%I9_�[ml9l�]�D+*\�nd9�H8/6��H�o798/. b9. 6Y��� � I	cS7�4��24a. 6hpY7���,/. 6�b:T�79. 6�,2>q��U�,Z. 0)T�� �H0)�H6�,/�24h. 6ar�s��24hT�79. 6�,e. 6�,/�Hb9�H8t;=798?BA%CED-cS7�4��21H_
Add Block 90.0% 0.1% 58.9% -62.1% 38.6% -26.8% 26.2% 10.9% 44.8% -50.6% 3.1% -53.2% -3.5% -52.7% -23.7%
Block Match 69.5% -5.8% 44.2% -37.4% 42.5% 17.8% 18.2% -9.0% 17.5% -18.8% 13.9% 5.2% -31.5% -41.5% -84.7%
Clip Test & Project 8.3% 18.1% 35.1% -33.1% 4.6% -22.3% -16.1% 11.9% 9.8% 74.0% 1.1% 51.2% -33.1% -35.7% -73.9%
Color Space 97.6% -88.0% 11.1% -64.1% 65.5% 10.3% 16.4% 7.4% 25.7% -6.3% 10.6% 10.9% -43.6% 4.5% -58.1%
DCT** -25.5% 12.5% 4.9% -13.1% 55.2% 58.2% 37.0% -37.3% 18.8% 61.0% -19.3% 40.0% -59.4% -11.2% -121.8%
FFT 28.4% 8.2% 28.5% -35.1% 50.7% 24.1% 12.7% -7.6% 4.6% 29.1% -69.9% -31.7% -35.1% 18.6% -25.4%
IDCT 41.1% -5.9% 35.9% -61.1% 54.9% 1.1% 8.6% 2.1% 23.0% 52.7% -17.5% 34.3% -41.3% -33.6% -94.4%
Max Value 23.6% 26.4% 74.3% -69.6% 65.1% 50.4% 17.7% 22.5% 71.6% 106.3% -25.6% 73.7% -78.0% -88.4% -270.1%
Mix Stereo 19.6% 39.5% 53.3% -57.4% 61.0% 15.6% -14.1% 32.6% 27.5% 63.7% -8.3% 38.9% -11.8% -124.8% -135.3%
Quantize 10.2% -10.2% 9.4% -40.3% 37.1% 4.5% 47.6% -19.4% 26.7% 22.8% 5.1% 30.0% -40.3% -12.5% -70.6%
Short Term Analysis Filter -40.3% 26.2% 2.6% -61.4% 46.3% -9.6% -43.3% 22.0% -8.4% 150.3% -16.8% 63.3% -5.3% -77.7% -47.9%
Short Term Synthesis Filter -30.5% 30.4% 27.6% -76.4% 38.8% -87.3% 78.7% -38.8% 43.8% 52.6% 24.5% 64.2% -24.4% -54.9% -48.3%
Subsample Horizontal 12.4% -4.9% 9.6% -20.7% 39.5% 26.1% 7.4% -3.6% 6.6% 28.5% -14.7% 13.5% -27.6% -16.3% -55.7%
Subsample Vertical -44.2% 2.9% -38.9% -22.8% 44.1% 42.3% -48.4% 16.4% -29.3% 125.5% -11.7% 60.5% -10.1% -51.7% -34.6%
Synthesis Filter 68.3% -12.0% 41.4% -40.5% 24.9% -11.0% 5.3% -28.0% -6.9% 7.3% 24.6% 38.2% -40.5% -9.4% -61.7%
Transform & Normalize -65.7% 57.8% 33.1% -86.3% 70.7% -16.2% -35.4% 24.9% 36.9% 273.8% -200.4% 56.4% -86.3% 47.0% -110.2%

Arithmetic Average 16.4% 6.0% 26.9% -48.8% 46.2% 4.8% 7.4% 0.4% 19.5% 60.7% -18.8% 31.0% -35.7% -33.8% -82.3%

Sun UltraSPARC IIiAMD Athlon DEC Alpha 21264 Intel Pentium III Motorola G4
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� ��� p ¨ m �r�8� n&p � p m � o �»�F�2� o p � m ���F�%� m � p �8� �rp �;��¨Q� � � ¨ � ��� � �8�
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�@��� � �8���F� �r� � o p � �%p ¯*� p � p � p �e� p � p �;�P� ���¼����� �%pr�J½¡¾£� ¤�É¦��� p
� �em �¦� � � �%p � m � p ���c� �%p ¥ ½¡Ê ¥S� �%o ��� � ¥S� �%o ���¼� �&p �F� ³&��� �e�	�8�8�e�#�
�8� ���¼�8� �%p � � o � �%ªr¨ m �S�%���v�P� �%� ���P� p �hn ��� q ¤ q ¤ Ë1����ÌSÍ�¯Q¯v¤
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lcm�n%o p Ë£�F�����8� m �	�;��� �%p � �&p � m �8� ���e� � �8�y�a� �2p ��n � p m � � � �e�	�8�8�e�#�8� ���
� p � ¤ lcm�n%o p à �F� �r�em � p ��� �%p § · ½¡Ê �@�%�e�#�8� ��� m�o �%�%� �;� m � m � o�m�n%o p
��� p m � ��m �;� � � � p �#�8�%� p �	�8� � � p � ¤r¥¦�a�¡�y� p � o�m�� ¨Q� � � ��� �%p ���8� m�o�m �
� ��� p ª p �J���JÈe� m �8� �%ª � ��� ���J�@�%�e�#�8� ��� m�o � �	�h���J�%��� p � ¤
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ë � ª��%� p.ì��2p�� ���#�;��� �%p �y� p � m�o o � �e�	�8�8�e�#�8� ��� � � ® �@��� p m � �hm �;� � � � p �#�
�8�%� p ¤ lJ� ��� �%m � m ������� o ���@����� �%p �F� �2p ¨Q� � � � �1� �%p¦�J½¡¾£� ­ p �8� p�o � �
m � ��� � p �4�%����� �e� o � �2p � �e�	�8�8�e�#�8� ���e� pF®2p �F�2� p ��n ��� �%p � p �	����� p m � �
m��%�%o ��� m �8� ���¹¤
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lcm�n%o prì+o ���	�;�¦� �%p § · ½¡Ê � �e�	�8�8�e�#�8� ���¢� p �£�F�y� p � m ª p ��� p m � � �	� �&p
���c�@�%�e�#�8� ��� m�o � �	���@���Q� �%p ­ p �8� p�o � m � ��m �;� � � � p �#�8�%� p �Q�	�8� � � p � ¤J¥v�
m � pF®%m��r�%o p ��� � �y¨©�8��� p m�� � �%p � m�n%o p�� � �%p£m ��� p�o p � m � p �¡« § · ½¡Ê ¬
·"��� p�o Ì p ���8� � � ·P·P·J­ p �8� p�o �F���e�P���	�;�J��� q ô ¤ Ç�õöm��%�&÷ �P� n �8� m �#�J� ��� p �
ª p � § · ½¡Ê � �e�	�8�8�e�#�8� ���e� « ���%� �%p �8��� m�o2� �a� m�� ����� �e�	�8�8�e�#�8� �����F���%���
�@���J� �em �Q­ p �8� p�o ¬#¤
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lcm�n%o p¦úQn � p m ­2� � �y¨Q��� �%pQ� ���	�8�8� n �2�8� ���1��� �%m � m ¨Q� � � � �c�@��� § · ½¡Ê
� �e�	�8�8�e�#�8� ���+��� m£�&p �P�[­ p �8� p�o%nem �P����¤ lcm�n%o pvû£o ���	�;�4� �%p �y� p � m�o o%� ���	�
�8�8� n �2�8� ������� § · ½¡Ê � �e�	�8�8�e�#�8� ���e� pF®2p �F�2� p ��nem � p � ����� �%p¼�%m � m
�	� �&p �e� p ��n � p m � � � �e�	�8�8�e�#�8� ��� m � � � m � p ª����8� º p �.m ���F��� � � �%ªJ�8�Q� �%p
�	� �&p ����� �&p � m �8� ���¹¤ lJ�%p � p �F���%���;� m � p �@���v� �%p�p ���8� � p ¨S���8­ o � m����
m�o � � ���%ª � § · ½¡Ê � �e�	�8�8�e�#�8� ���e� m � p ��� o � p��r�%o �y� p ��n �¡� �%p � � �8� �
� � º p � ­ p �8� p�o �c� �1� �%pQ�J½¡¾£� ¤ Ê.m � m �	� �&p � m � p � �&p �F� ³ p ��m � p � � �%p �
�P� ª��2�[� � �2p��&p � �2p ��� «@p ¤ ªe¤ Ç2ü �4�F� �r�%o p��rp ��� m��%� � �8� ���&¬ �&«=ý ¬"�e�P� ª�� p ���
��� « § ¬"� ª�� p � þ � n � �¦�a� �1n&p �;��¤
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AMD Athlon 8,16 U8,U16 U8,U16 U8,U16 U16,S16 16,32,64 U8 S8,S16 FP FP 16 8,16,32 S16,S32 U8,U16
32,FP S8,S16 FP FP S32,FP 16,32,FP S16,S32

DEC 21264A U8,S16 U8 16,32 U8
Intel Pentium III 8,16 U8,U16 U8,U16 U8,U16 U16,S16 16,32,64 U8 S8,S16, FP FP 16 8,16,32 S16,S32 U8,U16

32,FP S8,S16 FP FP S32,FP 32 16,32,FP S16,S32
Motorola G4 8,16 U8,U16,U32 U8,U16,U32 U8,U16,U32 U8,U16 8,16,32 U8,U16,U32 FP FP 8 8,16,32 S16,S32 U8,U16

32,FP S8,S16,S32 S8,S16,S32 S8,S16,S32 S8,S16 S8,S16,S32 16,32,FP U32,S32
FP FP

Sun UltraSPARC IIi 16,32 U8,S16 U8 S16,S32 8 S32 U8,U16
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AMD Athlon 14.1% 7.1% 0.9% 18.1% 20.2% 0.9% 7.1% 30.8% 0.9%
DEC 21264A 9.8% 10.6% 79.2% 0.3%
Intel Pentium III 14.2% 7.1% 0.9% 18.1% 20.3% 0.9% 7.1% 26.9% 4.5%
Motorola G4 6.5% 6.5% 30.5% 18.6% 5.5% 12.9% 18.7% 0.8%
Sun UltraSPARC IIi 17.9% 17.9% 15.2% 25.6% 1.0% 8.9% 12.4% 1.1%
AMD Athlon 12.8% 0.4% 0.4% 10.3% 0.7% 0.6% 9.3% 22.7% 1.2% 41.8%
DEC 21264A 2.9% 5.1% 92.0%
Intel Pentium III 11.9% 0.3% 0.3% 9.6% 0.7% 0.6% 8.7% 21.2% 1.1% 35.8% 9.8%
Motorola G4 13.7% 0.2% 0.1% 8.5% 0.3% 19.9% 17.9% 1.0% 4.0% 33.9% 0.5%
Sun UltraSPARC IIi 3.0% 6.6% 4.0% 7.2% 23.0% 23.2% 0.4% 0.4% 31.8% 0.4%
AMD Athlon 4.0% 8.1% 8.1% 0.0% 18.2% 16.3% 18.1% 4.1% 23.1%
DEC 21264A 26.8% 73.2%
Intel Pentium III 2.7% 5.4% 5.4% 27.2% 3.2% 16.3% 5.7% 33.9%
Motorola G4 0.3% 3.6% 7.3% 22.7% 4.1% 0.8% 14.7% 42.0% 0.7% 3.8%
Sun UltraSPARC IIi 29.8% 70.2%
AMD Athlon 12.0% 2.0% 12.0% 14.0% 0.0% 26.0% 22.0% 1.3% 6.0% 4.0% 0.7%
DEC 21264A 1.7% 97.9% 0.4%
Intel Pentium III 12.1% 2.0% 12.1% 13.4% 0.0% 26.2% 22.1% 1.3% 6.0% 4.0% 0.7%
Motorola G4 21.4% 5.4% 21.4% 14.3% 25.6% 2.4% 0.6% 1.8% 4.8% 2.4%
Sun UltraSPARC IIi 28.3% 9.4% 28.3% 15.0% 3.1% 2.4% 4.7% 8.7%
AMD Athlon 19.2% 3.7% 9.6% 9.6% 0.1% 24.1% 19.6% 1.5% 8.0% 4.5%
DEC 21264A 100.0%
Intel Pentium III 19.2% 3.7% 9.6% 9.6% 0.1% 24.1% 19.6% 1.5% 8.0% 4.5%
Motorola G4 24.5% 3.8% 13.2% 9.4% 30.4% 2.6% 3.5% 12.2% 0.5%
Sun UltraSPARC IIi 30.1% 5.7% 23.0% 19.0% 9.0% 5.7% 6.9% 0.5%
AMD Athlon 14.4% 8.9% 0.0% 12.6% 13.1% 12.0% 39.0%
DEC 21264A 42.6% 57.4%
Intel Pentium III 11.7% 7.2% 0.0% 16.7% 13.1% 11.4% 40.0%
Motorola G4 4.0% 3.2% 17.5% 8.1% 0.0% 12.7% 38.9% 15.6% 0.0%
Sun UltraSPARC IIi 53.9% 46.1%
AMD Athlon 19.7% 4.1% 10.0% 12.0% 0.1% 22.0% 19.2% 1.0% 6.6% 5.2%
DEC 21264A 100.0%
Intel Pentium III 19.7% 4.1% 10.0% 12.0% 0.1% 22.0% 19.2% 1.0% 6.6% 5.2%
Motorola G4 23.9% 3.5% 3.5% 9.6% 8.7% 32.8% 2.6% 0.4% 3.3% 11.3% 0.4%
Sun UltraSPARC IIi 26.8% 3.3% 12.5% 19.2% 11.7% 10.0% 15.8% 0.6%
AMD Athlon 7.9% 7.9% 15.9% 0.2% 0.5% 15.8% 7.9% 36.1% 7.9%
DEC 21264A 4.2% 91.8% 4.0%
Intel Pentium III 7.9% 7.9% 16.0% 0.2% 0.5% 15.8% 7.9% 36.0% 7.9%
Motorola G4 11.6% 23.3% 11.6% 0.2% 53.1% 0.2%
Sun UltraSPARC IIi 5.8% 11.7% 0.0% 11.9% 0.0% 0.0% 47.2% 23.3%
AMD Athlon 13.9% 13.9% 0.3% 0.3% 14.0% 17.8% 13.9% 25.7%
DEC 21264A 100.0%
Intel Pentium III 13.5% 13.5% 0.3% 0.3% 13.5% 17.2% 13.5% 24.9% 3.4%
Motorola G4 6.1% 6.1% 28.6% 8.6% 6.1% 44.1% 0.3%
Sun UltraSPARC IIi 14.5% 14.5% 21.9% 18.7% 15.1% 13.5% 1.8%
AMD Athlon 3.3% 13.1% 3.3% 22.9% 0.0% 13.1% 3.3% 3.3% 3.3% 21.5% 13.1% 0.0%
DEC 21264A 26.6% 71.2% 2.2%
Intel Pentium III 3.0% 6.0% 6.0% 3.0% 12.0% 0.0% 6.1% 3.1% 3.0% 6.0% 24.7% 24.1% 3.0%
Motorola G4 6.0% 3.0% 12.0% 3.1% 3.1% 3.0% 12.0% 31.9% 25.4% 0.4%
Sun UltraSPARC IIi 55.7% 44.3%
AMD Athlon 18.9% 3.4% 6.9% 13.7% 0.0% 24.0% 15.5% 0.9% 6.9% 9.8%
DEC 21264A 100.0%
Intel Pentium III 18.7% 3.4% 6.8% 13.6% 0.0% 23.8% 15.3% 0.9% 6.8% 9.7% 0.9%
Motorola G4 23.7% 3.6% 7.3% 7.3% 47.7% 2.1% 0.0% 2.2% 6.0% 0.0%
Sun UltraSPARC IIi 43.5% 12.2% 32.1% 3.3% 0.9% 0.0% 0.9% 4.0% 3.1%
AMD Athlon 20.5% 3.7% 7.4% 13.0% 0.0% 24.2% 14.0% 0.0% 6.5% 9.7% 0.9%
DEC 21264A 100.0%
Intel Pentium III 20.5% 3.7% 7.4% 13.0% 0.0% 24.2% 14.0% 0.0% 6.5% 9.7% 0.9%
Motorola G4 24.1% 3.7% 7.4% 7.4% 44.9% 2.1% 0.0% 2.3% 8.0% 0.0%
Sun UltraSPARC IIi 43.2% 12.9% 31.8% 2.5% 0.9% 0.9% 4.7% 3.1%
AMD Athlon 8.4% 2.4% 8.4% 1.2% 0.0% 9.6% 17.6% 0.0% 51.2% 1.2%
DEC 21264A 100.0%
Intel Pentium III 8.4% 2.4% 8.4% 1.2% 0.0% 9.6% 17.6% 0.0% 0.0% 51.2% 1.2%
Motorola G4 10.1% 6.7% 6.7% 3.4% 16.8% 6.7% 0.0% 3.4% 42.8% 3.4%
Sun UltraSPARC IIi 17.4% 1.2% 17.4% 14.3% 8.7% 4.4% 2.5% 33.5% 0.6%
AMD Athlon 7.8% 1.3% 7.8% 0.6% 0.0% 16.2% 16.2% 0.0% 49.4% 0.6%
DEC 21264A 14.8% 84.9% 0.3%
Intel Pentium III 7.7% 1.3% 7.7% 0.6% 0.0% 16.0% 16.0% 0.0% 0.0% 48.1% 2.6%
Motorola G4 17.3% 1.1% 8.7% 1.4% 32.5% 8.7% 0.0% 5.8% 24.5% 0.0%
Sun UltraSPARC IIi 29.8% 1.2% 28.6% 15.5% 7.1% 1.2% 2.4% 14.3% 0.0%
AMD Athlon 18.4% 2.2% 17.4% 0.1% 11.0% 35.3% 1.0% 14.5%
DEC 21264A 10.2% 89.8%
Intel Pentium III 2.3% 12.4% 2.3% 9.0% 0.1% 30.8% 18.3% 1.1% 15.0% 8.9%
Motorola G4 2.6% 8.1% 2.6% 10.5% 30.5% 26.4% 0.5% 2.6% 15.4% 0.7%
Sun UltraSPARC IIi 13.8% 86.2%
AMD Athlon 9.6% 2.4% 1.2% 20.3% 0.0% 35.9% 16.7% 3.6% 3.6% 6.7%
DEC 21264A 15.1% 84.9%
Intel Pentium III 9.5% 1.2% 1.2% 19.1% 37.9% 16.7% 3.6% 3.6% 7.4%
Motorola G4 1.4% 1.4% 23.1% 33.0% 5.6% 4.4% 16.7% 14.2% 0.1%
Sun UltraSPARC IIi 14.9% 85.1%
AMD Athlon 6.8% 0.1% 0.0% 1.1% 1.2% 2.3% 2.6% 1.4% 4.4% 3.3% 0.0% 0.0% 0.9% 0.0% 2.3% 0.2% 12.9% 15.8% 1.8% 4.6% 34.3% 3.3% 0.7%
DEC 21264A 1.2% 0.4% 1.5% 67.0% 29.2% 0.8%
Intel Pentium III 7.8% 0.1% 0.0% 1.3% 1.4% 2.6% 3.0% 1.6% 2.6% 0.9% 0.0% 0.0% 1.0% 0.5% 3.2% 0.2% 11.8% 15.8% 1.6% 4.0% 32.1% 3.7% 4.8%
Motorola G4 5.6% 0.0% 0.0% 0.5% 3.8% 1.1% 0.7% 1.1% 1.4% 0.0% 0.0% 0.7% 0.0% 3.7% 0.0% 16.8% 10.2% 1.0% 7.6% 36.0% 9.6% 0.4%
Sun UltraSPARC II 6.0% 3.5% 1.7% 3.6% 2.0% 9.7% 10.2% 0.3% 1.5% 38.5% 22.6% 0.4%
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8 0.00% 0.00% 0.00%

U8 0.00% 0.00% 0.26% 0.00% 0.00% 4.88% 7.25%

S8 0.00% 0.00% 0.00%

16 0.00% 0.00% 0.92% 0.00%

U16 2.03% 0.00% 0.00% 0.00% 0.00% 0.73% 2.52%

S16 2.69% 2.24% 1.04% 6.28% 0.13% 3.14% 0.00% 0.00% 0.00%

32 11.71% 0.10% 0.03% 0.00%

U32 0.00% 3.83%

S32 1.14% 2.20% 0.00% 0.00%

64 0.65%

FP 7.61% 4.55% 22.50% 0.00% 0.00% 2.43% 0.02% 9.11% 0.00%

add subtract shift multiply average minimum maximum demote promote compare sad rsqrt recip
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8

U8 0.00% 0.00% 29.05% 49.39%

S8 0.00% 0.00%

16 7.93%

U16 0.00% 10.58%

S16 0.91% 0.91%

32 1.22%

U32

S32

64

FP

add subtract shift multiply average minimum maximum demote promote compare sad rsqrt recip

� ����	�������� �������! "��#%$

8 0.00% 0.00% 0.00%

U8 0.00% 0.00% 0.37% 0.00% 0.00% 6.96% 10.32%

S8 0.00% 0.00% 0.00%

16 0.00% 0.00% 1.31% 0.00%

U16 2.90% 0.00% 0.00% 0.00% 0.00% 1.04% 3.60%

S16 3.84% 3.20% 1.42% 8.96% 0.19% 4.49% 0.00% 0.00%

32 16.70% 0.14% 0.05% 0.00%

U32 0.00% 0.29%

S32 1.63% 3.36% 0.00%

64 0.92%

FP 5.24% 3.70% 11.10% 0.00% 0.00% 1.60% 3.43% 0.00% 0.01% 3.21% 0.00%

add subtract shift multiply average minimum maximum demote promote compare sad rsqrt recip

� &'�
()����*+�-,-*+����. /�01(2(2(

8 0.00% 0.00% 0.00% 2.01% 0.00%

U8 0.00% 5.03% 0.36% 0.18% 5.03% 5.03% 0.00%

S8 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

16 0.00% 0.00% 2.15% 0.00%

U16 1.41% 0.00% 0.35% 0.00% 0.00% 0.00% 0.00% 0.18% 0.00%

S16 0.99% 0.60% 0.19% 3.58% 0.00% 0.09% 0.09% 0.69% 0.02% 0.00%

32 0.00% 0.00% 0.00% 3.12% 0.00%

U32 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

S32 9.61% 0.38% 2.17% 0.00% 0.00% 5.34% 1.28% 0.00% 0.00%

64 22.14%

FP 1.91% 2.55% 14.99% 0.00% 0.00% 2.93% 0.01% 5.59%

add subtract shift multiply average minimum maximum demote promote compare sad rsqrt recip

� 3����4�%����52��� �76�$

8

U8 12.33% 11.10%

S8

16 11.05% 1.02% 0.00%

U16

S16 20.18% 2.19% 0.41%

32 16.04% 4.81%

U32 5.15%

S32 1.86% 13.86%

64

FP

add subtract shift multiply average minimum maximum demote promote compare sad rsqrt recip
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8 16 32 64 U8 U16 U32 S8 S16 S32 FP
AMD Athlon 11.7% 2.0% 2.7% 7.6%
DEC 21264A
Intel Pentium III 16.7% 2.9% 3.8% 5.2%
Motorola G4 1.4% 1.0% 9.6% 1.9%
Sun UltraSPARC IIi 11.0% 16.0%
AMD Athlon 0.1% 2.2% 4.5%
DEC 21264A
Intel Pentium III 0.1% 3.2% 3.7%
Motorola G4 5.0% 0.6% 0.4% 2.5%
Sun UltraSPARC IIi 1.0% 4.8%
AMD Athlon 0.9% 0.0% 0.6% 1.0% 1.1%
DEC 21264A
Intel Pentium III 1.3% 0.0% 0.9% 1.4% 1.6%
Motorola G4 22.1% 0.4% 0.2% 2.2%
Sun UltraSPARC IIi
AMD Athlon 6.3% 22.5%
DEC 21264A
Intel Pentium III 9.0% 11.1%
Motorola G4 0.4% 3.6% 15.0%
Sun UltraSPARC IIi 20.2%
AMD Athlon 0.3%
DEC 21264A
Intel Pentium III 0.4%
Motorola G4 0.2%
Sun UltraSPARC IIi
AMD Athlon 0.1%
DEC 21264A 0.9%
Intel Pentium III 0.2%
Motorola G4 5.0% 0.1%
Sun UltraSPARC IIi
AMD Athlon 3.1%
DEC 21264A 10.6% 0.9%
Intel Pentium III 4.5% 1.6%
Motorola G4 5.0% 0.1% 5.3%
Sun UltraSPARC IIi
AMD Athlon 0.7% 2.2% 2.4%
DEC 21264A 7.9% 1.2%
Intel Pentium III 1.0% 3.4% 3.4%
Motorola G4 0.2% 0.7% 1.3% 2.9%
Sun UltraSPARC IIi 2.2% 1.9%
AMD Athlon 4.9% 2.5% 3.8%
DEC 21264A 29.1%
Intel Pentium III 7.0% 3.6% 0.3%
Motorola G4 2.0% 2.1% 3.1% 0.0%
Sun UltraSPARC IIi 12.3%
AMD Athlon 0.0%
DEC 21264A
Intel Pentium III 0.0%
Motorola G4 0.0% 0.0%
Sun UltraSPARC IIi 5.2% 0.4% 13.9%
AMD Athlon 7.2%
DEC 21264A 49.4%
Intel Pentium III 10.3%
Motorola G4
Sun UltraSPARC IIi 11.1%
AMD Athlon 9.1%
DEC 21264A
Intel Pentium III 3.2%
Motorola G4 5.6%
Sun UltraSPARC IIi
AMD Athlon
DEC 21264A
Intel Pentium III
Motorola G4
Sun UltraSPARC IIi
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8 16 32 64 FP
AMD Athlon 36.3% 63.7%
DEC 21264A 22.1% 77.9%
Intel Pentium III 36.3% 63.7%
Motorola G4 22.2% 51.9% 25.9%
Sun UltraSPARC IIi 29.9% 70.1%
AMD Athlon 49.4% 14.4% 36.2%
DEC 21264A 90.9% 9.1%
Intel Pentium III 77.3% 22.7%
Motorola G4 48.0% 5.6% 13.7% 32.7%
Sun UltraSPARC IIi 48.8% 19.4% 31.8%
AMD Athlon 9.4% 90.6%
DEC 21264A
Intel Pentium III 100.0%
Motorola G4 2.5% 4.1% 93.4%
Sun UltraSPARC IIi
AMD Athlon 13.0% 71.4% 3.9% 11.7%
DEC 21264A 100.0%
Intel Pentium III 12.7% 68.4% 7.6% 11.4%
Motorola G4 5.4% 24.1% 69.6% 0.9%
Sun UltraSPARC IIi 15.2% 84.8%
AMD Athlon 56.7% 41.8% 1.5%
DEC 21264A
Intel Pentium III 70.4% 27.8% 1.9%
Motorola G4 52.3% 44.2% 3.6%
Sun UltraSPARC IIi 12.8% 48.9% 38.3%
AMD Athlon 8.4% 91.6%
DEC 21264A
Intel Pentium III 100.0%
Motorola G4 7.8% 48.9% 43.3%
Sun UltraSPARC IIi
AMD Athlon 97.9% 2.1%
DEC 21264A
Intel Pentium III 96.0% 4.0%
Motorola G4 0.6% 53.4% 42.5% 3.4%
Sun UltraSPARC IIi 19.0% 81.0%
AMD Athlon 75.1% 24.9%
DEC 21264A 100.0%
Intel Pentium III 75.1% 24.9%
Motorola G4 94.0% 6.0%
Sun UltraSPARC IIi 100.0%
AMD Athlon 49.4% 50.6%
DEC 21264A
Intel Pentium III 100.0%
Motorola G4 31.2% 41.6% 27.1%
Sun UltraSPARC IIi 27.3% 36.4% 36.4%
AMD Athlon 7.2% 92.8%
DEC 21264A
Intel Pentium III 100.0%
Motorola G4 0.2% 99.8%
Sun UltraSPARC IIi
AMD Athlon 57.6% 30.3% 12.1%
DEC 21264A
Intel Pentium III 65.5% 20.7% 13.8%
Motorola G4 34.1% 36.7% 29.1%
Sun UltraSPARC IIi 36.5% 63.5%
AMD Athlon 59.4% 31.3% 9.4%
DEC 21264A
Intel Pentium III 67.9% 21.4% 10.7%
Motorola G4 36.0% 38.8% 25.2%
Sun UltraSPARC IIi 36.2% 63.8%
AMD Athlon 28.3% 33.8% 38.0%
DEC 21264A
Intel Pentium III 40.1% 47.9% 12.0%
Motorola G4 10.0% 30.0% 50.0% 10.0%
Sun UltraSPARC IIi 48.3% 51.7%
AMD Athlon 23.5% 49.0% 27.5%
DEC 21264A 100.0%
Intel Pentium III 30.8% 64.1% 5.1%
Motorola G4 16.8% 35.7% 37.8% 9.8%
Sun UltraSPARC IIi 10.7% 42.9% 46.4%
AMD Athlon 1.4% 98.6%
DEC 21264A
Intel Pentium III 8.8% 91.2%
Motorola G4 9.6% 12.9% 77.5%
Sun UltraSPARC IIi
AMD Athlon 40.4% 59.6%
DEC 21264A
Intel Pentium III 100.0%
Motorola G4 1.5% 98.5%
Sun UltraSPARC IIi
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�.� j�dyl���dfky�.��g�.� � w�w�p�wys ���H����mf���f�yl�m���� � �������.� � ��mf����m.��l�� � �����f������*��myl�������m.��l�� � `�m � ���.l��yl��f���>��.�fr�x � wyx+pD`�a�b�c�dfe�y���f����r�w�pZeqp � wyx �D��r�w
g���m.��l�� � ���.� � ����m��.l����.���i��� � �f��m � ��y�.on�>wyt+pZeqp � wyx �D�>wytqg���m.��l�� � c�����y�.on��xfeqp � w�w�p � wyx��D��xfeLg���m.��l�� �?� ����f����� � wyx+p � wyx+p�wys�y�.on��x�w�p � w�w�p � wyx��D��x�w
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g���m.��l�� � ���.� � ����m��.l����.���?��� � �f��m � ��y�.on��x�z+pZeqp � r ����x�zqg���m.��l�� � c�����y�.on��x�s+p � w�w�p � r ����x�sqg���m.��l�� �?� ����f����� � r+p � r+p�wys�y�.on��x�~+p � w�w�p � r ����x�~qg���m.��l�� �?� ����f����� � r+p � r+p�wys�y�.on��x�{+p � w�w�p � r ����x�{qg���m.��l�� �?� ����f����� � r+p � r+p�wys�f��m � �?��x�z+pD��x�z+p���x�s+p���r�w���D��x�zqg�¡ � e�¡ � e�¡ j�e�¡ � wq¡ � wq¡ j�wq¡ � x�¡ � x�¡ j�x�¡ � r�¡ � r�¡ j�r�¡ � }�¡ � }�¡ j�}�¡ � z�¡�f��m � �?��x�s+pD��x�s+p���x�~+p���r�w���D��x�sqg�¡ � z�¡ j�z�¡ � s�¡ � s�¡ j�s�¡ � ~�¡ � ~�¡ j�~�¡ � {�¡ � {�¡ j�{�¡ � t�¡ � t�¡ j�t�¡ � ��¡ � ��¡�f��m � �?��x�~+pD��x�~+p���x�{+p���r�w���D��x�~qg�¡ j���¡ � |$¡ � |$¡ j.|$¡ � u�¡ � u�¡ j�u�¡ � �0¡ � �0¡ j��0¡ � a$¡ � a$¡ j.a$¡ � v$¡ � v$¡ j.v$¡�f��m � �?��x�{+pD��x�z+p���x�s+p��>wyt���D��x�{qg�¡ � e�¡ � wq¡ � x�¡ � r�¡ � }�¡ � z�¡ � s�¡ � ~�¡ � {�¡ � t�¡ � ��¡ ¢�¢�¡ ¢�¢�¡ ¢�¢�¡ ¢�¢�¡ ¢�¢�¡�f��m � �?��x�t+pD��x�z+p���x�s+p���xfe���D��x�tqg�¡ � e�¡ � wq¡ � x�¡ � r�¡ � }�¡ � z�¡ � s�¡ � ~�¡ � {�¡ � t�¡ � ��¡ ¢�¢�¡ ¢�¢�¡ ¢�¢�¡ ¢�¢�¡ ¢�¢�¡�f��m � �?��rfeqpD��x�z+p���x�s+p���x�w���D��rfeLg�¡ j�e�¡ j�wq¡ j�x�¡ j�r�¡ j�}�¡ j�z�¡ j�s�¡ j�~�¡ j�{�¡ j�t�¡ ¢�¢�¡ ¢�¢�¡ ¢�¢�¡ ¢�¢�¡ ¢�¢�¡ ¢�¢�¡�f��m � �?��x�{+pD��x�{+p���x�~+p���x�x���D��x�{qg�¡ � e�¡ � wq¡ � x�¡ � r�¡ � }�¡ � z�¡ � s�¡ � ~�¡ � {�¡ � t�¡ � ��¡ � |$¡ � u�¡ � �0¡ � a$¡ � v$¡�f��m � �?��x�t+pD��x�t+p���x�~+p���x�r���D��x�tqg�¡ � e�¡ � wq¡ � x�¡ � r�¡ � }�¡ � z�¡ � s�¡ � ~�¡ � {�¡ � t�¡ � ��¡ � |$¡ � u�¡ � �0¡ � a$¡ � v$¡�f��m � �?��rfeqpD��rfeqp���x�~+p���xf}���D��rfeLg�¡ j�e�¡ j�wq¡ j�x�¡ j�r�¡ j�}�¡ j�z�¡ j�s�¡ j�~�¡ j�{�¡ j�t�¡ j���¡ j.|$¡ j�u�¡ j��0¡ j.a$¡ j.v$¡

£�£�¤¦¥ ���§ H	����[¨���9���� �
�:����	�#'�� "�����ª©H¨Z¨ ¥i« ���<	�#¬��­���� �
#$�
�!�+	�#'�® "���&�����!-�9���� #��,�����:���������������B¨���9���� �
�=����	�#'�� "�����¯©H°�¨ ¥i«
��#:��	��!-�� �+�B��	L��	�
 ¥ ���@¨Z¨ ¥ 	�� ������� �����±9���� � � ²
�+�;A0C������®³ �?´:µ
�!-'¶;�
#'�������
�=	�-�-�� ���
	L��� ��#[���®	:�.-�� � �.(y��	���� ·<��C0-5�&3��������§���®�����6(
-�9����+�¸���+��9����.� /��
� C2� #¹�.� #���� �,-����+�����.� ��#»º'�$	L��� #��2-5��� #$�+
 �  "�
3
��	��!-�� �!� � #��+�@�� ¼���������
#$����	��*-5���.��� ��#½�� ¼�����&���+��9����.� /��!��������	����

� �������+��� # � � ������� �����¾¶�


E�FHG5I'JLK"M+NDOÀ¿ £ Y�_
M £ I5Á�JLKHS$J ¤ JLY�\D_+ÂyI'JLOÄÃ £�£�¤6Å (�	�� ��/L	���� (
	�A�� �+��	����@¨Z³ZÆ � ¥ ¶$�
o � w�Çio ��È ��x+�»o � xiÇio � w È ��}q�o��.w�Çio�� È ��x+�»o��fxiÇio��.w È ��}q���� ��É ��Ç?eq����Ê���}q��� È�È�ËyÌlf����w�Ç�Íyo � w È Íyo��fx+�lf����x�Ç�Íyo��.w È Íyo � x+�Íyo��.w�Ç�Íyo��.wi�iÍyo � x+�Íyo � x�Ç�Íyo � wi�iÍyo��fx+�Íyo � w�Çilf����w��Íyo��fx�Çilf����x+�o � w È�È �Do � x È�È �Do��.w È�È �Do��fx È�È �Î

Ï #�� � 1��®�����!����� ��� #'	��D¨Z¨ ¥ 1��
��#��
��Ð53��������<����	B�.-�� � ����	���� ·:���+	��
¨Z¨ ¥ ©"��#�� C<���+	��Z� #�-�9��=��	L��	B���@-����L/0�����+�XÐ�	�� ������9����<�����&��9���-�9��
���������!-�� ��· « Ð$3��?� �!-�� �
�!�
#$���+��Ñ0Ò ´ °Ó/��
���.� ��#'�*�� �������¨Z¨ ¥ 3�� ���
	;�!�����!����	���� ��� ��#'	��������!-�� ��·½��	���� ·0(��B���+��� �&	L��� ��#§� #[ "���+Ô$9��
#'��C
	�� ������� �����;
 � � ������9�������������	�� ������� �����Õ3���9����&A5���.� �L3��
���  �� �!-�� ��(
�!�
#$���+�7� #Ö���
	���	��!��������Ð�� �!���6�=9'���2�!�����B	��!�
#'	�A�� �����§Ñ0Ò ´ °
-��������+���.� #��½��9��B���[� ���&�!�����B���
��9���	��!��	L��	[	��
���+���.�+�6	�#'�2�=9'���
�!������������	�� ���$�� "����3�	����&-'	���	�� � �
� � ²+	L��� ��#�
 ¥ ��������� ��� #'	��^���+	�� (y/L	�� 9��
�.-�� � ����	���� ·�	�� ������� �����Õ������� ����� C&��	L��	=���
-5�
#'���
#$�+Ð0��	�10� #��6	���/L	�#�(
��	������� �10#��L3�#;�.C0�!�!������� �+��3����
#B��-5�
��	L��� #��=��#B��#�� C&���+	��^� #�-�9��
��	L��	�
½Ñ0Ò ´ °×-��������+���.� #��:���=�!�$���6��Ø^�+�>��� /���3����
#§�����
����	�����#��
� #'������9'�>��� ��#;�������+	��¾��	L��	!���
-5�
#'���
#'��� �+�


Æ?#�������� #������'	L��A5�+�
	��!��	�-�-'	����
#$�Z3����
#6-���������	��!�!� #���Ñ0Ò ´ °

/��
���.� ��#'�?�� ¼�����&¨Z¨ ¥ ��#½��� Ø^�
���
#$�=	�������� ���+�>��9����+�?�������'	L�@� ��#����
�
/��+�>�������=���+Ô$9�� ���B�!�����;�.��-������������
	L���+�Ö��	L��	½�����!�=9�#����
	L��� ��#Ö��-�(
�
��	L��� ��#'�i���;�.9�-�-5���.�������
�;
&Ù¼��#'�.�����
�������!�������&�.#�� -�-5������� �������+�
� # � � ������� �����ÛÚ6	�#'� � � ������� �����ÝÜ�Ð$A5�������� �3������������+	�����	�#����������
��	L��	�	������+	��� "�����Ó�!�
�!����C6©Þ��C0-����
	�� � C�� #=	�#®¨Z¨ ¥ 	�� ������� �����;Ð
�����
���+	���	�#'�½� �&	���� #'	���C<�����!-5��#��
#$������ i	B��� /��
#§��	L��	;�
� �
�!�
#$�=	����
���������+�®	��qß.	����
#$�*� #6�!�
�!����C « �.9'���=���'	L�*��#������
���������
�*����#$��	�� #'�D	�� �
�� *�����6���+	��Z�����!-5��#��
#$����	�#'�,	�#��������
��	�� �D�� ������!���������+�.-5��#'��� #��
� �&	���� #'	���C[/L	�� 9��+�

 ¥ ���;� ��#����
�!���
���������
�!3����0���Ö�� �Òf#$���
��à ��Ñ�Ñ µ
�!�+	�#$�@���'	L�6	:�.� �!-�� ����	L��	:�����!�=9�#����
	L��� ��#[��-5�
��	L��� ��#[�.9'���7	��
�!�
������©Þá0â0ã0á^äLå'æ�ç0è�é+á0â0ã0á^äLå$ê�ç0è « 3��������6	�����9'�.�+�=� # �?´ °=à �Z/��
�.(
�.� ��#=�� 5������1��
��#��
��Ð�	�����#������.9�­���� �
#$�*(X "9�� �'�.�09�ë&�+��©fìqê0â�í�á^ì « 	����
���+Ô$9�� ���+��� #'�����+	��X


E�FHG5I'JLK"M+NDOïî:E�ð¬ñ £�£�¤
���y� mf��oqp�ò ó�d��.l �.ô���y�.õ ����s+p�ò mf��o ô ������sqgÛ¡Ö�feLh��%¡2�feLh � ¡���y�.õ ����z+p�ò mf��o ô ������zqgÛ¡Ö��w
h��%¡2��w
h � ¡�f��� mf��oqp�ò ó�d.�H���.mfo ô���y�.õ ����~+p�����s�������>�����f��õ�����s+p�����z ������sqgÛ¡Ö��w
h � ¡2�feLh � ¡�������>���fö���õ�����~+p�����z ������~qgÛ¡Ö��w
h��%¡2�feLh��÷¡

E�FHG5I'JLK"M+NDOQøBù�\^M+S0F £�£�¤
���y� mf��oqp�ò ó�d��.l �.ô���y�����>� oy����s+p?ò mf��o ô �Zoy����sqg�¡ ¢�¢�¢�¢�¢�¢�¡ ¢�¢�¢�¢�¢�¢�¡X�feLh��&¡��feLh � ¡�f��� mf��oqp�ò ó�d.�H���.mfo ô���y�fö��>� oy����s+p?ò mf��o ô �Zoy����sqg�¡���w
h��&¡���w
h � ¡��feLh��&¡��feLh � ¡�f��� mf��oqp�ò ó�d.�H���.mfo ô���y�����>� oy����z+p?ò mf��o ô �Zoy����zqg�¡ ¢�¢�¢�¢�¢�¢�¡ ¢�¢�¢�¢�¢�¢�¡X��xqh��&¡���xqh � ¡�f��� mf��oqp�ò ó�d.�H���.mfo ô���y�fö��>� oy����z+p?ò mf��o ô �Zoy����zqg�¡���rqh��&¡���rqh � ¡���xqh��&¡���xqh � ¡�Hö��.�f�>� oy����s+pDoy����s+p¼w�w�e�w�w�e�e�eyj&�Zoy����sqg�¡���w
h��&¡��feLh��&¡���w
h � ¡��feLh � ¡�Hö��.�f�>� oy����z+pDoy����z+p¼w�w�e�w�w�e�e�eyj&�Zoy����zqg�¡���rqh��&¡���xqh��&¡���rqh � ¡���xqh � ¡���y�����>� oy����~+pDoy����s���y����ö��>�úoy����s+pDoy����z �Zoy����sqg�¡���rqh � ¡���xqh � ¡���w
h � ¡��feLh � ¡�Hö��.�f�>� oy����~+pDoy����z+p¼w�w�w�e�w�w�w�eyj&�Zoy����~qg�¡���rqh��&¡���xqh��&¡���w
h��&¡��feLh��&¡

¶�¶



���������	������

�������	��������� ����������� �!��"��$#%�'&	�(����)���*+& �$,
#!* �(�-�(�.� �%�$#!* �(�/�0���!�1)/�2�	�3)��546&	�(�/�2*+"7� ��
8� 9(�(�!* #!���;:�4<����*+&%�=*+�
#%��>(� �'�3�!�(�?#!����@���#!�(�!�(�+��
8� #!* AB�C&�D6EGF->(� �!��� �5HJIK* ����� ����� �!9(�
�(�.� �%�$#!* �(�/�L���!�J&	�(����� �	#!� � M��2)7NO&	* � �P#Q�3�(�B&	�(����)7#!* ��96����R$��R
�S�$,
#!�!* �O#!�%���/�2�.�P�2�(H

TVUXW.Y/Z$[3\C]L^`_=TVU3\C[3a6bKcedgf7\ Z$[3h � Z$f�iLj klY.jCb ,O�S�$#!�!* �m� � �	,
��� �P#%�8���!��nC:$,po�* #%�J��*+"7�
qrqLs!tvuxw y2z{y(w y2z!|vw y2zr}�w y2zr~�w y2z{�(w y2zr��w y2zr��w y2zr��wqrqLs!�vuxw |pz{y(w |pz!|vw |pzr}�w |pzr~�w |pz{�(w |pzr��w |pzr��w |pzr��wqrqLs�|5y$u�w }rz{y(w }rz!|vw }rzr}�w }rzr~�w }rz{�(w }rzr��w }rzr��w }rzr��wqrqLs�|r| u�w ~rz{y(w ~rz!|vw ~rzr}�w ~rzr~�w ~rz{�(w ~rzr��w ~rzr��w ~rzr��wqrqLs�|p}vu�w �2z{y(w �2z!|vw �2zr}�w �2zr~�w �2z{�(w �2zr��w �2zr��w �2zr��wqrqLs�|p~vu�w �rz{y(w �rz!|vw �rzr}�w �rzr~�w �rz{�(w �rzr��w �rzr��w �rzr��wqrqLs�|5�$u�w �rz{y(w �rz!|vw �rzr}�w �rzr~�w �rz{�(w �rzr��w �rzr��w �rzr��wqrqLs�|p�vu�w �rz{y(w �rz!|vw �rzr}�w �rzr~�w �rz{�(w �rzr��w �rzr��w �rzr��ws{�2�2�p�r�
s2yv�Ls!tC��s�|p}�qLs2y$u�w y2z{y(w �2z{y(w y2z!|vw �2z!|vw y2zr}�w �2zr}�w y2zr~�w �2zr~�ws{�2�2�2�5�
s�|	�Ls!tC��s�|p}�qLs�| u�w y2z{�(w �2z{�(w y2zr��w �2zr��w y2zr��w �2zr��w y2zr��w �2zr��ws{�2�2�p�r�
s!}C�Ls!�C��s�|p~�qLs!}vu�w |pz{y(w �rz{y(w |pz!|vw �rz!|vw |pzr}�w �rzr}�w |pzr~�w �rzr~�ws{�2�2�2�5�
s!~C�Ls!�C��s�|p~�qLs!~vu�w |pz{�(w �rz{�(w |pzr��w �rzr��w |pzr��w �rzr��w |pzr��w �rzr��ws{�2�2�p�r�
s2�v�Ls�|5yv��s�|5��qLs2�$u�w }rz{y(w �rz{y(w }rz!|vw �rz!|vw }rzr}�w �rzr}�w }rzr~�w �rzr~�ws{�2�2�2�5�
s!�C�Ls�|5yv��s�|5��qLs!�vu�w }rz{�(w �rz{�(w }rzr��w �rzr��w }rzr��w �rzr��w }rzr��w �rzr��ws{�2�2�p�r�
s!�C�Ls�|r|	��s�|p��qLs!�vu�w ~rz{y(w �rz{y(w ~rz!|vw �rz!|vw ~rzr}�w �rzr}�w ~rzr~�w �rzr~�ws{�2�2�2�5�
s!�C�Ls�|r|	��s�|p��qLs!�vu�w ~rz{�(w �rz{�(w ~rzr��w �rzr��w ~rzr��w �rzr��w ~rzr��w �rzr��w
s{�2�2�p�r�
s!tC�Ls2yv��s2� qLs!tvu�w y2z{y(w }rz{y(w �2z{y(w �rz{y(w y2z!|vw }rz!|vw �2z!|vw �rz!|vws{�2�2�2�5�
s!�C�Ls2yv��s2� qLs!�vu�w y2zr}�w }rzr}�w �2zr}�w �rzr}�w y2zr~�w }rzr~�w �2zr~�w �rzr~�ws{�2�2�p�r�
s�|5yv��s�|	�Ls!��qLs�|5y$u�w y2z{�(w }rz{�(w �2z{�(w �rz{�(w y2zr��w }rzr��w �2zr��w �rzr��ws{�2�2�2�5�
s�|r|	��s�|	�Ls!��qLs�|r| u�w y2zr��w }rzr��w �2zr��w �rzr��w y2zr��w }rzr��w �2zr��w �rzr��ws{�2�2�p�r�
s�|p}C��s!}C�Ls!��qLs�|p}vu�w |pz{y(w ~rz{y(w �rz{y(w �rz{y(w |pz!|vw ~rz!|vw �rz!|vw �rz!|vws{�2�2�2�5�
s�|p~C��s!}C�Ls!��qLs�|p~vu�w |pzr}�w ~rzr}�w �rzr}�w �rzr}�w |pzr~�w ~rzr~�w �rzr~�w �rzr~�ws{�2�2�p�r�
s�|5�v��s!~C�Ls!��qLs�|5�$u�w |pz{�(w ~rz{�(w �rz{�(w �rz{�(w |pzr��w ~rzr��w �rz!|vw �rzr��ws{�2�2�2�5�
s�|p�C��s!~C�Ls!��qLs�|p�vu�w |pzr��w ~rzr��w �rzr��w �rzr��w |pzr��w ~rzr��w �rzr��w �rzr��w
s{�2�2�p�r�
s2yv�Ls!tC��s�|p}�qLs2y$u�w y2z{y(w |pz{y(w }rz{y(w ~rz{y(w �2z{y(w �rz{y(w �rz{y(w �rz{y(ws{�2�2�2�5�
s�|	�Ls!tC��s�|p}�qLs�| u�w y2z!|vw |pz!|vw }rz!|vw ~rz!|vw �2z!|vw �rz!|vw �rz!|vw �rz!|vws{�2�2�p�r�
s!}C�Ls!�C��s�|p~�qLs!}vu�w y2zr}�w |pzr}�w }rzr}�w ~rzr}�w �2zr}�w �rzr}�w �rzr}�w �rzr}�ws{�2�2�2�5�
s!~C�Ls!�C��s�|p~�qLs!~vu�w y2zr~�w |pzr~�w }rzr~�w ~rzr~�w �2zr~�w �rzr~�w �rzr~�w �rzr~�ws{�2�2�p�r�
s2�v�Ls�|5yv��s�|5��qLs2�$u�w y2z{�(w |pz{�(w }rz{�(w ~rz{�(w �2z{�(w �rz{�(w �rz{�(w �rz{�(ws{�2�2�2�5�
s!�C�Ls�|5yv��s�|5��qLs!�vu�w y2zr��w |pzr��w }rzr��w ~rzr��w �2zr��w �rzr��w �rzr��w �rzr��ws{�2�2�p�r�
s!�C�Ls�|r|	��s�|p��qLs!�vu�w y2zr��w |pzr��w }rzr��w ~rzr��w �2zr��w �rzr��w �rzr��w �rzr��ws{�2�2�2�5�
s!�C�Ls�|r|	��s�|p��qLs!�vu�w y2zr��w |pzr��w }rzr��w ~rzr��w �2zr��w �rzr��w �rzr��w �rzr��w

dgf7h�a6f�UX�Lb FJ�����S�$�7* ��)����$��� )��6>(� �!��� ���2�C���%&%���C�G�3�(��#!���
�S�$�7* ��)��e��o/�2�(� )7#!�l�$��� )��C"6� � � ��� �P#Q* ���������!�%�vM
���/�P�v,po�* #Q�2* 9(���C"
* �P#!� 9(� �%�6�X
8� 9(�(�!* #!��������HlFJ���6���P�r#
&	�!* #!*+& ����* �/�r#!�!)/&�#!* �(�'�3�(�J#!��*+�
>(� �!��� ��#!�O���!�7&	� �C"0�	NO&	* � �P#!� M0�J�(� 4/)��/�2)��!���!*+�2* ��9(� M(4�#!�����S�$��* �7,
�r#!�!)/&�#!* �(��H�
8� #!���()�9(�g���S�$�7* ��)����$��� )����2�C���%&%��46�(���G� � ���(�
#!����&	�(����)7#%�$#!* �(�0���B��o/�2�(� )7#!���$��� )���& ���'o.��"7�(������* #!��o�* #!�S�(�2>
�(���/���2#!*+�����r#!�(�!�1&	�(���/���!*+�2�(���!�C�2)�� #%� 4<#!���C�2� ���	#!���7"������!�¡�X���
� �C�!�S�	NO&	* � �P#CH�FJ����"7* ¢£� �!� �/&	��& ���¤o.���2� � ��* ��� �K�(>K* ��9 �$#S#!���
IK¥r@�D¦&	�7"7���3�(�O#!���§

@�D¦
G#!��� �(�g�X
8� 9(�(�!* #!���¨RP��48����*+&%�©* �7,
&	� )/"7�C�6�S�$�.ªv��* �1* �/�r#!�!)/&�#!* �(�/� 4Q���/" IK)���« ��A
¥2I��X
8� 9(�(�!* #!���­¬P��4
����*+&%��"7�K�C�8����#CH
®8��#!�6#!�/�$#���� #!���()�9(�0#!����"��$#%��#rMK�.�����B#!����* �7,
��)7#S���!�%�vM§*+���P�v,po�* #���*+"7�V* �P#!� 9(� �%� 4L#!���'�$��� )��C������#!���0"��$#%�§"7�
����#
�	��&	� �C"��2* 9(���C"1nC:$,po�* #
* �P#!� 9(� �%� H�¯G�C& ��)/�2�6���B#!��*+� 4/#!����

@�D
>(� �!��� ��*+����o�� ��#!��#%��>(�O�("7�$���P#%��9(�����J#!���V�("�"7�C"1�/���%��� � � � *+�2�°���
#!���6�2�S��� � � �G��*+"K#!��H�FJ���6IK)��'>(� �!��� �.*+�G����#���o�� �
#!��"7��#!�����!�����
o.�C& ��)/�2�G* #�"7� �.� �/"��Q�(���P�v,po�* #L��*+"7��"��$#%�<&	�(����)���*+& �$#!* �(���(�.� �%�$,
#!* �(�/���rnC:$,po�* #B"��$#%��&	�(����)���*+& �$#!* �(���(�.� �%�$#!* �(�/�Q���!�G����#��v�$��* �+��o�� �
��* #!�0A
¥2IV�(�J#!���6)��/"7� �!� MK* ��9OIK±�

²8E©�7¬����%&%��* #!�C&�#!)��!�v��H

TVUXW.Y/Z$[3\C]L^;³0dgf7h�a6f�UX�Lb¡´�bKf7Z$cv]
µX¶r· ~r}8¸p�r��¹ ºv��»%¼{�!½X¾��Q¼5¾!¿v��½ ���%¸{À
Á8yvqÂ!Ã �SÄ�½�ÁJ»%¼{�!½X¾�qB½8Å
¼5¾!¿vqB½pÆrÆ6ÇJÈ½X¾2É<À
Á
¸5»�Ê ÄB¸p�r��¹+½pº�Ç	q½ Â ÄQÀ<ËG�%¸{À6Ç�%¸{À
Á8ÀvqÌ

TVUXW.Y/Z$[3\C]L^ÎÍ0TVd � dgf7h�a6f�UX�Lb
� Ã s2Ï �r�	|	�<¹ ¼2Êr½pº q��r�	| u�w s�| w s2y wÐ!À Ã � �r�%~C���r�%~ q��r�%~vu�w�y¦w�y­wÑy­wÑy­w� Ã s2Ï �r�%}C�<¹ ¼2Êr½JÆ<t{º�q��r�%}vu�w s!~ w s!} wÐ%¸2Ò5Ó%ÊrÊp¿{ÔJ�r�	|	���r�%} q��r�	| u�wÑs!~OwÑs!}Vw s�|Sw s2y'wÐ�ÊXÕr»�Ê5ÔÖ�r�%~C���r�	| q��r�%~vu�wQ×Xs!~OwQ×Xs!}VwL×Xs�|SwQ×Xs2yVwÐr�%¸{À!Ê5ÔÖ�r�	|	���r�%~ q��r�	| u�wÑs!~OwÑs!}Vw s�|Sw s2y'w�Ø{Ù!ÚJÛ2ØrÜÐr�%¸{À!Ê5ÔÖ�r�%�C���r�	| q��r�%�vuÑ¾%¼pÔ8�%¸{À
¸5»�Ê Ã �5Õ2É!¼Js!¸r�5Õ%¼2Ê

TVUXW.Y/Z$[3\C]L^ÎÝ�´��Li©dgf7h�a6f�UX�Lb
�{¿ ¹ Þr�%|5ºv�LÞ Â � ß�Þ Â �$u�w¤¸p�r��¹ yrºàw árárárárárárárárárárá(w�{¿ ¹ Þr�%|JÆ8�rºv�QÞ Â ��ß�Þ Â �$u�w¤¸p�r��¹ yrºàw¤¸p�r��¹â|5ºãwÂ Ð�ÊXÕr»%~r}eÞ Â yv�QÞ Â �v�LÞ Â �Â ÒX�rÐ!�{É!~r}JÞ Â �C�QÞ Â yv�LÞ Ã ��ß�Þ Ã �vuÑ�%¸2Ê5Ó ÃpÂ ×p¸p�r��¹+½pº
Ë8y¸5¾!¿ Þ Ã �C�QyrÀ%|	�LÞ Ã �¸5¾!¿ Þ Ã �C�QyrÀry2}C�LÞ Ã �Â � Ã sr�%Êp�rä�Þ Ã �v�QÞ Â �C�LÞ Â �Â � Ã sr�%Êp�rä�Þ Ã �C�QÞ Â �C�LÞ Â �åß�Þ Â �$u�w¤¸p�r��¹ yrºàw¤¸p�r��¹â|5ºãwJÄ+¸5»�ÊGs!¸r�!ÇÂ ÒX�rÐ!�{É!~r}JÞ Â �v�QÞ Â }C�LÞ Ã ��ß�Þ Ã �vuÑ�%¸2Ê5Ó ÃpÂ w ¸p�r��¹+½pº(w�ËJ�%¸{À$¹+½pº¸5¾!¿ Þ Ã �C�QyrÀ%|	�LÞ Ã �¸5¾!¿ Þ Ã �C�QyrÀ2}C�LÞ Ã �Â � Ã sr�%Êp�rä�Þ Ã �v�QÞ Â �C�LÞ Â ~Â � Ã sr�%Êp�rä�Þ Ã �C�QÞ Â �v�LÞ Â }�ß�Þ Â }vu�wÎ�%¸{Àry wÎ�%¸{À%| w

æS�Lf�i£\C[Xç(b FJ���8�(�!* 9(* �/�����!& ���+���B�(� �%�2* �(�����£#!���
èP)/���P#!* é ��>(� �2,
��� �K)7#!* � * é �C"��
� �K�(>K)���#%��o�� �G�3�(�B&	� �2#%��* ���%����9(�C�����.* ����)7#��$��� )��C�L* �
�(�%"7� �Q#!���2�.� �C"S)��O&	�(�����(�O& �(�2�C� HLê8�7�3�(�2#!)��/�$#!� � M(4K�6� �K�(>K)���#%�$,
o�� ���������!�P�(&%�'*+�8#!� �!�!* o�� MV* ���	NO&	* � �P#
�3�(��IK¥r@�Dë���!�7&	�C�!�2* ��9S�2* �/&	�
�C�(&%���C�(&%��� � � ��� �P#V��� �C"��S#!� o.�§���!�7&	�C�!�2�C"��2� �/���%�$#!� � M(H�ì��(� �
�2�/4��3)�� ��IK¥r@�D-&	�(����)7#%�$#!* �(�/���G� �!���X�(�r#!� ��#!�/���V�!& ���+���l&	�7"7�
��* #!�
� �K�(>�)��O#%��o�� �C�l�(�V��� �.����#!���
���+�$#2�3�(�!�S�G�2)����.�(�2#!* ��9�IK¥r@�D�í/�P�$#2,
* ��9��.�(* �P#8�(�.� �%�$#!* �(�/� H

´���îQjCf�^ kQUXb�ï�Y/Z$[Xç(Y.i£\Cf�U � a6bPZv\C[Xc(f�U IK)�o/�!������� * ��9����!* #!�7,
���	#!*+& ��� � M�&	�(��o�* ���C�Q��* �7� �+�Q#!�(9(�	#!��� �Q#!�6�3�(�!�ð��&	�(���.�P�2* #!���$��� )��(H
FJ���J�(�!* 9(* �/���K@�±�ìGñ
,r��&	�7"7�J�(& &	�(����� *+�2���C��#!��*+�Q#!���!�()�9(��òL¥r²Ñó/� ,
#!� �!* ��9/HL¥{�V#!���<���(�!* é �(�P#%���£�2)�o/�!������� * ��9�>(� �!��� �547�2� �(� �O��* �7� �+�J���!�
�G� * 9(�P#!�C"���* #!�'&	�K�	NO&	* � �P#%�G���/"�#!��� * �G���!�7"7)/&�#%�G���!�
�2)������C"S#!��,
9(�	#!��� �J#!�S&	�!�C�$#!�6�S&	�(���.�P�2* #!����* �7� �5H�FJ���6�(� �2#!*+& �����2)�o/�!������� * ��9
>(� �!��� ���2* ��* �+���!� MV�G� * 9(�P#%�J#r�G� � �(�6��* �7� ���$��� )��C� H�¥{��� * #!��� �
>(� �!��� �54
�C�(&%�0��* �7� ���$��� )����!�CèP)�* �!�C��* #C« �8�$����* �/"7�	��* �P#!�S#!�������!�%�vMO�!� ���!�	,
�2� �P#!* ��9�#!����* �S��9(�(4/����*+&%����)/�r#
o.��>(� �7#
��* #!��* ��#!�������(�!* é �(�P#%���
���/"'�(� �2#!*+& ����o.�()��/"����!* �C�����L#!����* �S��9(�6o.� * ��9S�(�.� �%�$#!�C"'�(��H�¯G�	,
& ��)/�2�<����#!��*+� 4/���+���!9(�<�/���2#J���Q�C�(&%�V* #!� �%�$#!* �(�'����#!���C�2��>(� �!��� �+�G*+�
���!& ���+���J�.�(�2#!* �(�'* �'����*+&%�'#!���6��� �C"7�C"'* �/"7*+&	�C�����!�6&	�(����)7#!�C"�H

FJ�����(�!9P����* éC�$#!* �(�'���l"��$#%�O*+�<&	�!* #!*+& ����#!�0IK¥r@�Dð�.� �2�3�(�!�S���/&	�(H
El�(�/�2*+"7� �8#!�����2)�o/�!������� �����(�!* é �(�P#%���G�X
8� 9(�(�!* #!���­nCôP��>(� �!��� ���(�
#!���S@���#!�(�!�(�+�Vñ<õ/H�¯G�C& ��)/�2�����l#!�����3�(�!�S�$#����l#!���S"��$#%�V* �¡�!� 9�,
*+�r#!� �%�J* #8*+��* ���	NO&	* � �P#�#!�S�(�.� �%�$#!���(�0���(�!�<#!�/���0�(���6� �K�(�'* #!� �%�$,
#!* �(���$#
��#!* ���(HJö8�$�G� �(� �C47* �'#!����& �(�2�6���Q�(� �2#!*+& �����2)�o/�!������� * ��9/4
#!����"��$#%���3�(�
��)�� #!* ��� ��� �K�(�0* #!� �%�$#!* �(�/�
& ����o.��� �P�("7�C"0* �P#!�O�C�(&%�
�!� 9(*+�r#!� �CH6¥{� IK¥r@�D����!�7&	�C�!�2* ��9/4.#!���S�!�������(�.� �%�$#!* �(�§*+��������� * �C"
#!�S��)�� #!* ��� ��"��$#%�S� � � ��� �P#%� 4.�2�S�(� �2#!*+& �����2)�o/�!������� * ��9S*+�
����)/&%�
���(�!�'�/�$#!)��%����& ���/"7*+"��$#!�'�3�(�VIK¥r@�D����!�7&	�C�!�2* ��9�#!�/���¤#!���0��#!�7,
� �!��*+�2�V&	�(����)7#%�$#!* �(�/��� � M1�2* ��* �+�������(�!* é �(�P#%���l�2)�o/�!������� �V>(� �!��� �5H
÷©* #!�1�':�õ�,po�* #���*+"7�OIK¥r@�D��	�K#!� �/�2* �(��4��3�(���	��������� �(4�� * 9(�P#��(� �2,
#!*+& ���Q�2)�o/�!������� ��* #!� �%�$#!* �(�/�
& ����o.�����!�7&	�C�!�2�C"0* �§�/���%��� � � �5H<FJ��*+�
���+�2�V���C���/�<#!�/�$#���� �B* �S��9(�C�<��)/�r#6�/�v�(�����(�!* é �(�P#%���B"7* ��� �/�2* �(�/�
� �(� ��� MV"7* �K*+�2* o�� ��oKMV� * 9(�P#C4��(�
�S�!& ���+����ø2&	� �C���0)��Kù6� �K�(�0��)/�r#
o.�
&	�7"7�C"�#!��"7�C���Q��* #!�1���KM��7"�"§�!� �S��* ��* ��9'��*+"K#!�/� H�@����KM����G�()��
��#!��� �J>(� �!��� �+�J�!�CèP)�* �!�C"V�2)/&%��&	� �C���')��0� �K�(�/�J�(�J�G� � �5H

��õ



���������
	���
����������������
����������� ���!�#" ��$&%����
	�'(��)*���!�
+-,/.0+ ,212354�627�4�621+-,98 ,:354�627�4�621<;�=2>@?+-,98 ,2A�4�62B�4�621<; C9>@?;�,:3EDGF H/IJF K@K(F H/1JF K@K(F H53LF�M
F N53LF K@K(F N/1JF K@K(F N/IJF K@K(F K@K(F K@K(F K@K(F K@K(F,0N/O-60HP,:354�,:354�,2A�4�,2123;�,:3EDGF H/IJF H/1JF H53LF�M
F N53LF N/1JF N/IJF K@K(F K@K(F K@K(F K@K(F K@K(F K@K(F K@K(F K@K(F K@K(F,0N/O-60HP,:354�,:354�,:354�,2A@A,0H969Q-R@ST,21�4�,9UL4�,:3V;�,21LDWF�H/IJF*H/1JF�H53LF�MXF*N53LF*N/1JF�N/IJF K@K@K(F,0H@Y/+@O9.�RZ,2I�4�,21�4�,2A23[;�,2ILDWF\H/I]F^H53_F^N53_F^N/I]F `@`@>-a@=@b,0H@Y/+@c9.�RZ,2d�4�,21�4�,2A23[;�,2dLDWF\H/1]FeMfF^N/1]F K@K@K@K@K@K@K(F `@`@>-a@=@b,/.�Y@H:.hg/.i,2I�4�,2I�4�,9U,/.�Y@H:.hg/.i,2I�4�,2d�4�,2I<;�,2ILDWFjUkFlUkFlUkF m2`@`@>-a@=@bnF�o,2p0q@q2.hg/.i,2I�4�,2I�4�,2A0Ur;�,2ILD�s@tvu2whx9y0z,/.h62p-g{,2I�4�,2I�4�,2A@1|;�,2ILD }@}~>-a@=@b,/.�N/+-m@g�,2I�4�,2I�4�1�;�,2ILDWF#m0H@N�F�m0H@N�F�m0H@N�F�m0H@N�F,0N9�/.hg/.@.i,2I�4�,2I�4�,2I<;�,2ILDWF m0H@N�F m0H@N�F m0H@N�F m0H@N�F m0H@N�F m0H@N�F m0H@N�F m0H@N�F,0N9�/.�R@Y:.i,2I�4�,2I�4�,2I<;�,2ILDWF mnF mnF mnF mnF mnF mnF mnF mnF mnF mnF mnF mnF mnF mnF mnF mnF.h62p-g/M�6:3-I�4�62��4�3V;�6:3-ILD M0}@}23.hm@,2OhS28�,2I�4�6:3-I�4�69�r; q2.hmJ��M0}@}23h�~tvm0H@N

���������
	���
���������
����L�X�i$n�
�^��)��!������	��X�v	�����$n�
	�)��
��y@b:3-dZ��YJ;���y@b:3-dZ�h60NJ;���y@b21@A��2�h�J;���y@b:3-dZ�@.E;��y@b:3-dvq2ME4 �@�@�L4�Y:ME4�.0p-,
4�60N:ME;���y@b21@A~+-m0H@NJ;�2c-6X�@;��2�h�5�@�5;�.-s@s/���q2M�tW.0p-,GtG�@.E;�2c-6X��MvtZUL;�M~`Z7�;�M-s@s/�v�Y:M tvY(��M-�L;�60N:M�t~60N(��M-�L;�Y(��M-��tW.0p-,
;+-m0H@N2t-Y:M�sr� 60N:M@�-q2M�s�3-d@1@70�/�-}@}23-I�;.0p-,9t9+-m0H@N/}@1@A@�@d@�~ �1@A@�@d@�rD���+-m0H@N/`2�-1@A@�@d@7~ ¡�-1@A@�@d@7rD¢+-m0H@N5�5;+-m0H@N2t@q2M�sr� 60N:M@��Y:M�s�3-d@1@70�/�-}@}23-I�;q2M-tL��+-m0H@N5�-}@1@A@�@d@�v �1@A@�@d@�rD���+-m0H@N/`2�-1@A@�@d@7~ ¡�-1@A@�@d@7rD£+-m0H@N5�5;¤
�@.�tZq2ME;¤

��
����L�r�i$n�
�^��)��!������	��|�v	�����$n�
	�)���¥�¦!§�¨5§E©nª2«/¬J­*®(¯�§E«/¬
ª2° ®(©
®J±�ª2¦!§�²9¦!®(«9ª�ª2§E«2³V¬J©�¬J­ ´�²9°�²�µ�­ ª2§E«2° ©!¶r·(§E«2©!§E­�¸�¹~­ ¶(®(«2° ª2¦!³fº(ºL»�°�²v¬
µ!¼�§�½¾¯�®(° ©nª�³À¿!­ ª2° ¯!­ ´¾¬(¨E¨5¿!³À¿!­�¬
ª2§r®(¯�§E«/¬
ª2° ®(©�ÁÂ±�®(­ ­ ®
Ãi§�½ÅÄ�´¾¨5­ ° ¯�Æ
¯!° ©!¶�¸�²2¬
ª2¿!«/¬
ª2° ®(©�»�ª2®Ç¬&º�È
Æ-Ä!° ª~²9° ¶(©!§�½�É
¬J­ ¿!§(Ê

���������
	���
����!ËÅ��
����L�X�i$n�
�l�Â��)*��
�$���	��X�v	�����$n�
	�)��
��y@b:3-dZ�h,
;���y@b:3-dZ�h6@60NJ;���y@b21@A��
;���y@b:3-dZ�hg@m
;���y@b:3-dZ�@.h6
;��y@b:3-dZ.h6/ME4�m0H@N5354�m0H@N/A�;���y@b21@A~+-m0H@NJ;g0R:M0+@O|� �:�@�@���.h6/M�tW�hg@m9s@sL;�2c-6X��MvtZ7�;�M9�@�5;����+-m0H@N2tL� 6@60N(��M-�2�h,J��M-�vs�3-d@1@70�/�-}@}23-I�;+-m0H@N2t9+-m0H@N/}@1@A@�@d@�~ �1@A@�@d@�rD���+-m0H@N/`2�-1@A@�@d@7~ ¡�-1@A@�@d@7rD£+-m0H@N5�5;+-m0H@N2t2.h6/MZ�v+-m0H@NJ;.h6/M-t9+-m0H@N/}@1@A@�@d@�~ �1@A@�@d@�rD���+-m0H@N/`2�-1@A@�@d@7~ ¡�-1@A@�@d@7rD£+-m0H@N5�5;+-m0H@N2tL� 6@60N(��M-�2�@.h6/Mis�3-d@1@70�/�-}@}23-I�;+-m0H@N2t9+-m0H@N/}@1@A@�@d@�~ �1@A@�@d@�rD���+-m0H@N/`2�-1@A@�@d@7~ ¡�-1@A@�@d@7rD£+-m0H@N5�5;+-m0H@N2t0,J��M-�~sG+-m0H@NJ;,J��M-s/3h�@t9+-m0H@N/}@1@A@�@d@�~ �1@A@�@d@�rD���+-m0H@N/`2�-1@A@�@d@7Z T�-1@A@�@d@7rD¢+-m0H@N5�5;¤
�@.h69s@s~t~,J� U@�~tW.h6/ME;¤

��
����L�|�i$n�
�j�Â��)*��
�$���	��|�v	�����$n�
	�)��ÍÌ�§E«2´X²9° ³r° ­�¬J«�ª2®r²9¦!®(«9ª
ª2§E«2³<¬J©�¬J­ ´�²9°�²�µ�­ ª2§E«2° ©!¶�Á!ª2¦!§À²9¦!®(«9ªvª2§E«2³<²9´�©nª2¦!§�²9°�²�µ�­ ª2§E«2° ©!¶Ç·(§E«9Æ
©!§E­|¸�¹~­ ¶(®(«2° ª2¦!³lºLÎ(»|°�²�¬J­�²9®#Ä�¬(²9§�½Ï®(©Ð¬¾µ!¼�§�½£¯�®(° ©nª�³À¿!­ ª2° ¯!­ ´
¬(¨E¨5¿!³À¿!­�¬
ª2§À®(¯�§E«/¬
ª2° ®(©�Á�±�®(­ ­ ®
Ãi§�½�Ä�´�¨5­ ° ¯!¯!° ©!¶�¸�²2¬
ª2¿!«/¬
ª2° ®(©�»�ª2®�¬
º�È
Æ-Ä!° ª~²9° ¶(©!§�½�É
¬J­ ¿!§(Ê
Ñ ®Jª2¦�ª2¦!§|²9¦!®(«9ª~ª2§E«2³_¬J©�¬J­ ´�²9°�²�µ�­ ª2§E«2° ©!¶&¬J©�½�²9¦!®(«9ª~ª2§E«2³_²9´�©�Æ

ª2¦!§�²9°�²Xµ�­ ª2§E«2° ©!¶Ò·(§E«2©!§E­�²XÃi§E«2§Å®(«2° ¶(° ©�¬J­ ­ ´Ò¨5®�½�§�½¢° ©Ó¬#Ã�¬L´�ª2¦�¬
ª
½�°�½�©!®JªW¬
ª~µ�«/²@ªW¬J¯!¯�§�¬J«vª2®�Ä�§À¯�¬J«/¬J­ ­ §E­ ° Ô�¬JÄ!­ §�° ©¾Õ�Ö@×ÅØT¨5®�½�§(Ê~Ö-ª
Ã�¬(²|©!§�¨5§�²2²2¬J«2´¾ª2®#½�°�¬J¶(«/¬J³�Ä�´�¦�¬J©�½�ª2¦!§�¨5®(³r¯!¿�ª/¬
ª2° ®(©�¬J­�¯�¬
ª2¦
§�¬(¨/¦�§E­ §E³r§E©nªv° ©�ª2¦!§�«2§�²9¿!­ ªi±�®(­ ­ ®
Ãi§�½Ç° ©&®(«/½�§E«iª2®rÉ�°�²9¿�¬J­ ° ÔE§GÃv¦�¬
ª
®(¯�§E«/¬
ª2° ®(©�²�¨5®(¿!­�½&Ä�§W¯�§E«9±�®(«2³r§�½&° ©&¯�¬J«/¬J­ ­ §E­hÊ

�Â��)*��
�$���	��Ù�v	�����$n�
	�)��ÛÚ�§E©nª2«/¬J­[ª2®¢ª2¦!§Ò²9´�©nª2¦!§�²9°�²�µ�­ ª2§E«2° ©!¶
·(§E«2©!§E­n±�«2®(³�³r¯�ÜW¬J¿�½�° ®W¯!­�¬L´�Ä�¬(¨/·X¸�¹~­ ¶(®(«2° ª2¦!³Ýº�Ün»�¬J«2§iÄ�®Jª2¦r¯�®n²@Æ
° ª2° É(§�¬J©�½Ï©!§E¶n¬
ª2° É(§�³À¿!­ ª2° ¯!­ ´nÆ0¬(¨E¨5¿!³À¿!­�¬
ª2§�®(¯�§E«/¬
ª2° ®(©�²|° ©Ð²9° ©!¶(­ §
¯!«2§�¨5°�²9° ®(©ÀÞ�®n¬
ª2° ©!¶�¯�®(° ©nª�Ê�¥�¦!§vµ�©�¬J­!®(¿�ª2¯!¿�ª�¬J¿�½�° ®[²2¬J³r¯!­ §�²�³À¿�²@ª
ª2¦!§E©�Ä�§[¨5®(©�É(§E«9ª2§�½�¬J©�½&¨5­ ° ¯!¯�§�½�ª2®Ç²9° ¶(©!§�½ßº�È
Æ-Ä!° ª�° ©nª2§E¶(§E«/²EÊ

���������
	���
�����àÅ�Â��)*��
�$���	��r�v	�����$n�
	�)��
á9C9w0â0b21@AZ�hg/M��2q9c-g
;�á9C9w0â0b21@AZ��S2UL;���y@b:3-dG�@.0phH@N/+@O9.E;��y@b21@AZã�4�.hm2OhNWtZA�;�á9C9w0â0b21@AZ.�Y@HJ;�2c-6Ç��ã0t/3-d�; ã@}0UL; ã2�@�@�v�.�Y@HätG�hg/M��2q9c-g9s@sG�Z��S2U@s@sL;Ð.�Y@H[�htW�hg/M��2q9c-g9s@sZ�Z��S2U@s@sL;.�Y@HWs@tG�hg/M��2q9c-g9s@sG�Z��S2U@s@sL;Ð.�Y@H[�htW�hg/M��2q9c-g9s@sZ�Z��S2U@s@sL;.�Y@HWs@tG�hg/M��2q9c-g9s@sG�Z��S2U@s@sL;Ð.�Y@H[�htW�hg/M��2q9c-g9s@sZ�Z��S2U@s@sL;.�Y@HWs@tG�hg/M��2q9c-g9s@sG�Z��S2U@s@sL;Ð.�Y@H[�htW�hg/M��2q9c-g9s@sZ�Z��S2U@s@sL;.�Y@HWs@tG�hg/M��2q9c-g9s@sG�Z��S2U@s@sL;Ð.�Y@H[�htW�hg/M��2q9c-g9s@sZ�Z��S2U@s@sL;.�Y@HWs@tG�hg/M��2q9c-g9s@sG�Z��S2U@s@sL;Ð.�Y@H[�htW�hg/M��2q9c-g9s@sZ�Z��S2U@s@sL;.�Y@HWs@tG�hg/M��2q9c-g9s@sG�Z��S2U@s@sL;Ð.�Y@H[�htW�hg/M��2q9c-g9s@sZ�Z��S2U@s@sL;.�Y@HWs@tG�hg/M��2q9c-g9s@sG�Z��S2U@s@sL;Ð.�Y@H[�htW�hg/M��2q9c-g9s@sZ�Z��S2U@s@sL;å �Zæ0+9M�NWchY9m0N@Y9mW.0phH@N/+@O�m2cW3-d2��S:MhmW.@M-Q-�/O0qGM��9m2O0Q9O-6W� å�@.0phH@N/+@O0t2.�Y@H/}@1@A@�@d@�Lç UZ �1@A@�@d@�rD���.�Y@H/`2�-1@A@�@d@7Lç UZ �1@A@�@d@7rD¢.�Y@H5�5;g/M��2q9c-gZs@tZU@8/3hUL;.0phH@N/+@O9.�s@tW.hm2OhNJ;¤

¹~­ ª2¦!®(¿!¶(¦[©!®Jª�ª2¦!§i®(©!­ ´W·(§E«2©!§E­Jª2®G¿�ª2° ­ ° ÔE§i³À¿!­ ª2° ¯!­ ´nÆ0¬(¨E¨5¿!³À¿!­�¬
ª2§
®(¯�§E«/¬
ª2° ®(©�²EÁÂª2¦!§&²9´�©nª2¦!§�²9°�²Wµ�­ ª2§E«2° ©!¶�·(§E«2©!§E­�Ä�§E©!§5µ!ª/²�±�«2®(³]ª2¦!§E³
Ãv¦!§E©�ª2¦!§E´�¬J«2§À¬LÉ
¬J° ­�¬JÄ!­ §(ÊGÚ�®(³r¯�¬J«2§À¹~­ ¶(®(«2° ª2¦!³èºEéÇ®(©�ª2¦!§|×�®JÆ
ª2®(«2®(­�¬|êGé|Ãv¦!°�¨/¦�¦�¬(²�ª2¦!§WëJì*ínî�î�ï(ðr° ©�²@ª2«2¿�¨:ª2° ®(©�Ãv° ª2¦�¹~­ ¶(®(«2° ª2¦!³
ºLñ�®(©Ðª2¦!§¾Ö0©nª2§E­Wò §E©nª2° ¿!³\Ö9Ö9Ö:ÁvÃv¦!°�¨/¦Ù½�®�§�²�©!®Jª�¦�¬LÉ(§¾¬#Þ�®n¬
ª9Æ
° ©!¶Z¯�®(° ©nª ³À¿!­ ª2° ¯!­ ´nÆ0¬(¨E¨5¿!³À¿!­�¬
ª2§i®(¯�§E«/¬
ª2° ®(©�Ê Ñ ®Jª2¦À§5¼�ª2§E©�²9° ®(©�²�¬J«2§
ºLÎJó
Æ-Ä!° ª/²iÃv°�½�§(Ê
¹¡¯!«2®(Ä!­ §E³fª2¦�¬
ª[®J±�ª2§E©#¨5®(³r§�²�¿!¯�° ©ÒÕ�Ö@×ÅØä¯!«2®(¶(«/¬J³r³r° ©!¶&°�²

ª2¦!§Z©!§E§�½rª2®|²9¿!³ä¬J­ ­�®J±Âª2¦!§G¯�¬(¨/·(§�½r§E­ §E³r§E©nª/²�° ©�¬[«2§E¶(°�²@ª2§E«�Ê�¥�¦!°�²
°�²i®J±�ª2§E©&½�®(©!§W¬
ªiª2¦!§W§E©�½Ç®J± ¬J©�®Jª2¦!§E«2Ãv°�²9§Z§E­ §E³r§E©nª�° ©�½�§E¯�§E©�½�§E©nª
¨5®(³r¯!¿�ª/¬
ª2° ®(©�Ê[×�®Jª2®(«2®(­�¬!ô ²Z¹~­ ª2° Ì�§�¨|° ©�¨5­ ¿�½�§�²�²9¿�¨/¦ß²9°�½�§EÃ�¬L´�²G¬(¨:Æ
¨5¿!³À¿!­�¬
ª2° ®(©õ¸�¬J­�²9®¾ª2§E«2³r§�½#ö@«2§�½�¿�¨:ª2° ®(©�÷9»À®(¯�§E«/¬
ª2° ®(©�²|±�®(«X° ©nª2§E¶(§E«
½!¬
ª/¬Àª@´�¯�§�²EÁ�Ä!¿�ª~©!®Jªv±�®(«�Þ�®n¬
ª2° ©!¶|¯�®(° ©nª�Ê�Ö0©nª2§E­hô ²~×Å×�ø�¬J©�½�Õ!Õ�ù
° ©�²@ª2«2¿�¨:ª2° ®(©#²9§5ª/²[½�®�©!®JªÀ° ©�¨5­ ¿�½�§Ç«2§�½�¿�¨:ª2° ®(©�®(¯�§E«/¬
ª2° ®(©�²G±�®(«À¬J©�´
½!¬
ª/¬�ª@´�¯�§�²EÊ�¥�¦!°�²Ç°�²�«2§E¶(«2§5ª9ª/¬JÄ!­ §�Ä�§�¨E¬J¿�²9§ß²9¿�¨/¦Ó¬J©¢®(¯�§E«/¬
ª2° ®(©
Ãi®(¿!­�½|µ�©�½Ç¿�ª2° ­ ° ª@´r° ©Çª2¦!°�²�·(§E«2©!§E­�¸�©!®Jª2§~ª2¦!§W¨5¿!³ÀÄ�§E«/²9®(³r§~Ã�¬L´|° ©
Ãv¦!°�¨/¦|§EÉ(§E©r¬J©�½À®�½!½|§E­ §E³r§E©nª/²�¬J«2§v²9¿!³r³r§�½Àª2®(¶(§5ª2¦!§E«�¬
ª ª2¦!§v§E©�½
®J±�§�¬(¨/¦�¨5®�½�§�²9©!° ¯!¯�§5ª:»:Ê

ú�ûhü ý¢þ9ÿ�����������	

¹~©�¬J­ ° ¶(©!§�½X³r§E³r®(«2´r¬(¨E¨5§�²2²�°�²�®(©!§~ª2¦�¬
ªv¬(¨E¨5§�²2²9§�²�¬�

�ÓÄ�´nª2§G²9° ÔE§
½!¬
ª/¬r§E­ §E³r§E©nªG¬
ªZ¬J©Å¬(½!½�«2§�²2²�° ©�Ãv¦!°�¨/¦�ª2¦!§[­ ®
Ãi§E«���Ä!° ª/²Z¬J«2§�¬J­ ­
ÔE§E«2®�§�²EÊ ¹~­ ° ¶(©!³r§E©nª~°�²�¶(§E©!§E«/¬J­ ­ ´X° ³r¯�®(«9ª/¬J©nªv®(©�¬J­ ­�¬J«/¨/¦!° ª2§�¨:ª2¿!«2§�²
±�®(« ¯�§E«9±�®(«2³X¬J©�¨5§�«2§�¬(²9®(©�²EÁJ¬(²�¿!©�¬J­ ° ¶(©!§�½À¬(¨E¨5§�²2²9§�²�ª@´�¯!°�¨E¬J­ ­ ´[²9¿��*§E«
¬X²9° ¶(©!° µ�¨E¬J©nªv¯�§E«9±�®(«2³X¬J©�¨5§�¯�§E©�¬J­ ª@´�®(«Z¨E¬J¿�²9§[¬r«2¿!©�ª2° ³r§[§5¼!¨5§E¯�Æ
ª2° ®(©�Á!½�§E¯�§E©�½�° ©!¶X®(©�ª2¦!§�Ä�§E¦�¬LÉ�° ®(«v²9¯�§�¨5° µ�§�½�Ä�´�¬J©�¬J«/¨/¦!° ª2§�¨:ª2¿!«2§(Ê
¥�¦!§|×�®Jª2®(«2®(­�¬X¬J©�½¾Õ�¿!©Å° ©�²@ª2«2¿�¨:ª2° ®(©¾²9§5ª/²G²9¿!¯!¯�®(«9ªG®(©!­ ´�¬J­ ° ¶(©!§�½
³r§E³r®(«2´À¬(¨E¨5§�²2²EÁ(²9®�° ª�°�²�©!§�¨5§�²2²2¬J«2´Wª2®[­ ®n¬(½[ª@Ãi®[¬(½��9¬(¨5§E©nª�É(§�¨:ª2®(«/²
®J±W½!¬
ª/¬¾¬J©�½�ª2¦!§E©£«2®Jª/¬
ª2§�ª2¦!§�½!¬
ª/¬�¬J¯!¯!«2®(¯!«2°�¬
ª2§E­ ´�° ©Ï®(«/½�§E«|ª2®
²9° ³À¿!­�¬
ª2§[¿!©�¬J­ ° ¶(©!§�½�³r§E³r®(«2´�¬(¨E¨5§�²2²EÊ~¹Z²G¬J©�§5¼!¬J³r¯!­ §(Á*¨5®(©�²9°�½�§E«
ª2¦!§~²2¬J³r¯!­ §ZÕ�¿!©rÌZÖ9Õr¨5®�½�§v° ©Ç¹~­ ¶(®(«2° ª2¦!³Ýº�È!ÁJ­ ®n¬(½�° ©!¶Wª2¦!§~ÈJéJÆ-Ä!° ª/²
½!¬
ª/¬�§E­ §E³r§E©nª��
¼!ØZù�¹ZØ Ñ ù�ù�����ù�ù�Ø���¹ZÚ�ù¡Ãv¦!°�¨/¦�°�²À²@ª2®(«2§�½¾° ©
³r§E³r®(«2´Ç¬
ªZ¬(½!½�«2§�²2²��
¼Âº����(ÜÀ¬(²v²9¦!®
Ãv©&Ä�§E­ ®
Ã��

0000000000CEFAEDFEEFBEADDE000000

0x100C0x10080x10040x1000

Ünñ



���������
	���
����������������
��������������
� �!�	�!#"$	����� %�
	����
&('*),+(-.&0/213&0/21�&54�13&54(6873&0/:9<;�=*>�?*@(6�;�=*>�?*@5/#;�=*>�?*@A4�;�=*>�?*@AB�;C &ED &EFG13+5H�1�+5B&('*),+(-.&54�13&54�1�&5B�13&54(6873&54G9<;�=*>�?*@(F�;�=*>�?*@AIJ;�=*>�?*@AK�;�=*>�?*@AL�;C &ED &5I�13+0/M6G1�+5B&('*),+(-.&5B�13&5B�1�&EFG13&54(6873&5BG9<;�=*>�?*@ANJ;�=*>�?*@AHJ;�=*>�?*@(OP;�=*>�?*@,QR;C &ED &5K�1�6G1�+EF&('*),+(-.&EFG13&EFG1�&5I�13&54(6873&EF
9<;�=*>�?*@(S�;�=*>�?*@MTR;�=*>�?*@,UR;�=*>�?*@,VR;C &ED &5L�13+5L�1�+EFC &ED &5N�13+5N�1�+EF&('*),+(-.&5K�13&5K�1�&5L�13&545/W73&5KG9<;�X56E@(6P;�X56E@5/Y;�X56E@A4�;�X56E@AB�;C &ED &5H�13+5H�1�+EF&('*),+(-.&5L�13&5L�1�&5N�13&545/W73&5LG9<;�X56E@(FP;�X56E@AI�;�X56E@AK�;�X56E@AL�;C &ED &0/M6G13+0/M6G1�+EF&('*),+(-.&5N�13&5N�1�&5H�13&545/W73&5NG9<;�X56E@AN�;�X56E@AH�;�X56E@(OP;�X56E@,QR;&(-*Z([A[(\(']&0/213&0/21�&5K�13&E6^73&0/:9<; _�`A-*),&(?56a; _�`A-*b([A[A6a; _�`A-*),&(?2/G; _�`A-*b([A[*/G;&('*),+(-.&5H�13&5H�1�&0/M6G13&545/c73&5HG9<;�X56E@(SP;�X56E@MTd;�X56E@,UR;�X56E@,VR;&(-*Z([A[(\(']&5B�13&5B�1�&5N�13&E6^73&5BG9<; _�`A-*),&(?*4e; _�`A-*b([A[E4e; _�`A-*),&(?*Be; _�`A-*b([A[EBe;Z([A[5> +5B�13+5B�1f6ADEN(6&(-*Z([A[(\(']&0/213&54�1�&5L�13&0/g73&0/:9<; _�`A-*),&(?56a; _�`A-*b([A[A6a; _�`A-*),&(?2/G; _�`A-*b([A[*/G;Z([A[5> +EFG13+EFG1f6ADAFA6 73+EF
9�X56AhAh#i Dj/,K�1�'*bE>�?Ek5),+lk5b$VEmEn(O(o5BA45p&(-*Z([A[(\(']&5B�13&EFG1�&5H�13&5Bq73&5BG9<; _�`A-*),&(?*4e; _�`A-*b([A[E4e; _�`A-*),&(?*Be; _�`A-*b([A[EBe;Z([A[5>Ar�st+0/A/213+0/A/21vuA/ 7fw5uAu&5Z([A[(\('x&0/213&0/21�&5B 73&0/:9<; _�`A-*),&(?56a; _�`A-*b([A[A6a; _�`A-*),&(?2/G; _�`A-*b([A[*/G;&*_ C [EbE>y&54�13&0/21�&0/21fN 73&54G9<; _�`A-*),&(?2/G; _�`A-*b([A[*/G; _�`A-*),&(?56a; _�`A-*b([A[A6a;&5Z([A[(\('x&0/213&0/21�&54 73&0/:9<; _�`A-*@A),&(?�; _�`A-*@Ab([A[a; _�`A-*@A),&(?�; _�`A-*@Ab([A[a;&*_�' C kA=z&54�13&0/21f6 73&54G9<; _�`A-*@A),&(?�; _�`A-*@A),&(?�; _�`A-*@A),&(?�; _�`A-*@A),&(?�;&*_�' C kA=z&5B�13&0/21v/ 73&5BG9<; _�`A-*@Ab([A[a; _�`A-*@Ab([A[a; _�`A-*@Ab([A[a; _�`A-*@Ab([A[a;&*_�`AXE\('x&54�13&54�1�&5B 73&54G9f{M|E}]~<_�`A-*@A),&5)M?�ul_�`A-*@Ab([A[&*rMk*_,D5_y&0/213&54�1f6 73&0/:9�r(bM?E&5),+Aklk5b]>�?Ek5)(�E),+&('E�*_M=*_A_�&0/213&0/21�&0/ 73&0/:9<; {M|E}%; {M|E}%; {M|E}%; {M|E}%; {M|E}%; {M|E}%; {M|E}%; {M|E}%;

���������
	���
������R�2���� ��$��������
� �!�	�!Y"$	����� %�
	����
-*b,&(`A'0_�D,-A-56G1]� )E_A>�h]6A� 7fD,-A-56
9�; =*>�?*@ABe; =*>�?*@A4e; =*>�?*@5/G; =*>�?*@(6a;-*b,&(`A'0_�D,-A-5FG1]� )E_A>�hj/,K(� 7fD,-A-5F
9�; =*>�?*@ALe; =*>�?*@AKe; =*>�?*@AIe; =*>�?*@(Fa;-*b,&(`A'0_�D,-A-*B�1]� )Er,Dlh]6A� 7fD,-A-*BG9�;�X56E@ABe;�X56E@A4e;�X56E@5/G;�X56E@(6a;-*b,&(`A'0_�D,-A-*I�1]� )Er,Dlhj/,K(� 7fD,-A-*IG9�;�X56E@ALe;�X56E@AKe;�X56E@AIe;�X56E@(Fa;-*b,&5ZM'0_�D,-A-*L�1�D,-A-56_��A`E\('0_�D,-A-56G1�D,-A-5FG1�/M6A6A6*/M6A6A6,XJ7fD,-A-56
9�; =*>�?*@AKe; =*>�?*@(Fa; =*>�?*@A4e; =*>�?*@(6a;_��A`E\('0_�D,-A-*L�1�D,-A-5FG1�/A/M6*/A/A/M6*/�XJ7fD,-A-*LG9�; =*>�?*@ALe; =*>�?*@AIe; =*>�?*@ABe; =*>�?*@5/G;-*b,&5ZM'0_�D,-A-*K�1�D,-A-*B_��A`E\('0_�D,-A-*B�1�D,-A-*I�1�/M6A6A6*/M6A6A6,XJ7fD,-A-*BG9�;�X56E@AKe;�X56E@(Fa;�X56E@A4e;�X56E@(6a;_��A`E\('0_�D,-A-*K�1�D,-A-*I�1�/A/M6*/A/A/M6*/�XJ7fD,-A-*KG9�;�X56E@ALe;�X56E@AIe;�X56E@ABe;�X56E@5/G;-A` C '0_ D,-A-56G1�D,-A-*B 7fD,-A-56
9f_�`A-�hA~l=*>�?*@(D5��X56E@(D�i�),&5)M?2p-A` C '0_ D,-A-*K�1�D,-A-*L_�`AXA'0_ D,-A-56G1�D,-A-*K 7fD,-A-56
9f_�`A-�uM~l=*>�?*@(D5��X56E@(D�i�b([A[*p-*b,&5ZM'0_�D,-A-*K�1�D,-A-*B_��A`E\('0_�D,-A-*B�1�D,-A-*I�1�/M6A6A6*/M6A6A6,XJ7fD,-A-*BG9�; X56E@5/MFa; X56E@5/,4e; X56E@5/M6a;�X56E@ANe;_��A`E\('0_�D,-A-*K�1�D,-A-*I�1�/A/M6*/A/A/M6*/�XJ7fD,-A-*KG9�; X56E@5/,Ie; X56E@5/,Be; X56E@5/A/G;�X56E@AHe;-A` C '0_ D,-A-*4�1�D,-A-*B-A` C '0_ D,-A-*K�1�D,-A-*LZ([A[,'0_ D,-A-56G1�D,-A-*4 7fD,-A-56
9f_�`A-�hA~l=*>�?*@(D5��X56E@(D�i�),&5)M?2p_�`AXA'0_ D,-A-56G1�D,-A-*K 7fD,-A-56
9f_�`A-�uM~l=*>�?*@(D5��X56E@(D�i�b([A[*p7A73-*),+E�E)]_�`A-]&5Z C `*)E_-*b,&5ZM'0_�D,-A-*4�1�D,-A-56 7fD,-A-*4G9�; _�`A-*@ABe; _�`A-*@A4e; _�`A-*@5/G; _�`A-*@(6a;_��A`E\('0_�D,-A-56G1�D,-A-56G1�6A6A6*/A/M6*/A/�XJ7fD,-A-56
9�; _�`A-*@(6a; _�`A-*@5/G; _�`A-*@A4e; _�`A-*@ABe;Z([A[,'0_ D,-A-56G1�D,-A-*4 7fD,-A-56
9�; _(B(h5_,6a; _(4(h5_E/G; _E/Mh5_(4e; _,6Ah5_(Be;-*b,&5ZM'0_�D,-A-*4�1�D,-A-56_��A`E\('0_�D,-A-*4�1�D,-A-*4�1�/M6*/A/M6A6A6*/�XJ7fD,-A-*4G9�; _(4(h5_E/G; _(B(h5_,6a; _,6Ah5_(Be; _E/Mh5_(4e;Z([A[,'0_ D,-A-56G1�D,-A-*4 7fD,-A-56
9�;3{M|E}P;3{M|E}P;3{M|E}P;3{M|E}R;rM&Ak('0_(4M'0>v-A-56G1�D,-A-56 73-A-56
9�;�{M|E} ;�{M|E} ;'*ZErM�*_A_,[(=$-A-56G1�-A-56 73-A-56
9�;3{M|E}P;3{M|E}P;3{M|E}P;3{M|E}R;-*b,&E[ )MX5DG1�-A-56 7�)MX5D
9�;3{M|E}P;3{M|E}P;-*b,& � )([5>,�G1�X5D 7�_Mk5b,+5)�/,K5u�X0>Mk<_(ZM-A' C )

���������
	���
��������������P�����P������	����� ����� ������G���#�a�a �!�!
Z C >,�,?*Z([A[(+ �5>E/21f�A�A6G1�� C /  �� C /:9�Z C >,�,?*)([]Z([A[(+5)E_A_ci 6AD*/M6A6A6*p �_(),k]¡E{,¢<Z C >,�,?*@AZ([A[(+$\*>() C [$k5bl6ADEBC [A[ � � C /M�G1��(\54  ��(\54G9�; 6A6a; 6A6a; 6A6a; TEU%; O,T�; QAU%; UAV%; VAU%;C [A[ � � C /MhEN(�G1��(\EF  ��(\EF
9�; U(T�; VEOa; S(U%; 6A6a; 6A6a; 6A6a; 6A6a; 6A6a;\5Z C >,�,?5[EZ,k5Z��(\54�1f�(\EFG1��(\54  ��(\54G9�; TEU%; O,T�; QAU%; UAV%; VAU%; U(T�; VEOa; S(U%;

£(¤�¥5¦�§]¨2©�ª�§�«�¬*­e®a¯#§:¤%¥f«�¬5©a¯x°l± ®a©a¬5² ¥5¦�¯´³�µ�¶e¥5¦�§l­aª�ª�¬5§�·5·f©e«�¥5¦�§
ª�­
¥*­c¥5©Y¸�§�± ©%­aª�§�ª�²�·$² ¤d¬5§:®a²�·A¥5§:¬$¹�º�»a¼v½�¦�§c¾�¿�ºGÀ%Á�¾%Â�Â%Ã#² ¤�·A¥5¬5Ä�¨0Å
¥5² ©a¤d­aª�ª�·�¥5¦�²�·]­aª�ª�¬5§�·5·v¥5©#¥5¦�§�©eÆ�·E§2¥cÇ�² ¤P¥5¦�²�·l¨:­a·E§a¶�¬5§:®a²�·A¥5§:¬$¹%À�È
²�·�É:§:¬5©�Ê0¶v¨2± §�­e¬*·�¥5¦�§R± ©
Ë�§:¬c¥5¦�¬5§:§R­aª�ª�¬5§�·5·�¸�² ¥*·Y­e¤�ª�Ì�±�­a¨2§�·c¥5¦�²�·
µeÍeÅ,¸�² ¥$­e± ² ®a¤�§�ªP­aª�ª�¬5§�·5·�¬5§�·EÄ�± ¥$² ¤R¬5§:®a²�·A¥5§:¬$¹�¿�»a¼�½�¦�§<± ©
Ë�§:¬�¥5¦�¬5§:§
¸�² ¥*·�©e«3¥5¦�§j² ¤%¥5§:¬5¯#§�ª�²�­
¥5§<¬5§�·EÄ�± ¥l­e¬5§�Ì�±�­a¨2§�ª�² ¤�¥5¦�§j®a¬*­eÌ�¦�²�¨:·�·A¥*­
Å
¥5Ä�·v¬5§:®a²�·A¥5§:¬�«�©a¬�±�­
¥5§:¬�Ä�·E§]¸�Î#¥5¦�§<Ï�¾�¿�ºGÀ%Á�Â�¾aÐ�¾�² ¤�·A¥5¬5Ä�¨0¥5² ©a¤�¼�½3Ë�©
¨2©a¤�·E§�¨2Ä�¥5² Ña§�¬5§:®a²�·A¥5§:¬EÅ,Ë$²�ª�¥5¦j¨*¦�Ä�¤�Ò�·3©e«�ª�­
¥*­l¯cÄ�·A¥�¸�§v± ©%­aª�§�ª�¶
­e¤�ª
¥5¦�§:¤c·E¦�² «Ó¥5§�ª<¥5©$¥5¦�§v©a¬5² ®a² ¤�­e±a­e± ² ®a¤�¯#§:¤%¥3Ë$² ¥5¦j¥5¦�§�Ï�¾�¿�ºGÀ%Á�Â�¾aÐ�¾v² ¤�Å
·A¥5¬5Ä�¨0¥5² ©a¤�¼�½�¦�§jÔ]Õ�Ö×°l± Ì�¦�­#­e¤�ªJØ�Ùaµ�­e¬*¨*¦�² ¥5§�¨0¥5Ä�¬5§�·<Ç�°]Ú�Ô�­e¤�ª
£(¤%¥5§:±ÓÊf·EÄ�Ì�Ì�©a¬E¥�Ä�¤�­e± ² ®a¤�§�ª�­a¨:¨2§�·5·�¥5©j¯#§:¯#©a¬5Îa¶eË$¦�§:¬5§:¸�Îj¥5¦�§�ÖvÛvÜ
Ä�¥5² ± ² É:§�·�·EÌ�§�¨2²�­e±�¦�­e¬*ª�Ë�­e¬5§#¥5©�Ì�§:¬E«�©a¬5¯Ý§2Ø�­a¨0¥5± Î�¥5¦�§R·5­e¯#§�·A¥5§:Ì�·
Ç�­e¤�ª�¥5¦�§:¬5§:¸�Î�®a§:¤�§:¬*­
¥5§�·f¥5¦�§�·5­e¯#§]­e¯#©aÄ�¤%¥v©e«�¯#§:¯#©a¬5Îc¥5¬*­
ÞJ¨$² ¤
¬5§�­e± ² ¥AÎ�Ê0¼
½�¦�§<¥5¬*­aª�§:©eÆ�¸�§2¥AË�§:§:¤R¥5¦�§j¥AË�©J­eÌ�Ì�¬5©%­a¨*¦�§�·�²�·$¥5¦�§c­aª�ª�² ¥5² ©a¤�­e±

¬5§:®a²�·A¥5§:¬vÌ�¬5§�·5·EÄ�¬5§]­e¤�ªY¸�§2¥E¥5§:¬l­GË�­e¬5§:¤�§�·5·�©e«3­e± ² ®a¤�¯#§:¤%¥�²�·5·EÄ�§�·vÑ�·:¼
§�­a·E§�©e«�Ì�¬5©a®a¬*­e¯#¯#² ¤�®�¼cßl©
Ë�§:Ña§:¬�¶�¥5¦�§:¬5§#²�·j­P¦�²�ª�ª�§:¤à¸�§:¤�§2á�¥j¥5©
§2Ø�Ì�± ²�¨2² ¥5± Îà­e± ² ®a¤�§�ªà­a¨:¨2§�·5·:âj² ¤�¥5¦�§J¨:­a·E§YË$¦�§:¬5§Yª�­
¥*­R²�·�­a¨:¨2§�·5·E§�ª
·E§�ã%Ä�§:¤%¥5²�­e± ± Îa¶e·EÄ�¸�·E§�ã%Ä�§:¤%¥�­a¨:¨2§�·5·E§�·�¨2©%·A¥�­�·E² ¤�®a± §�­aª�ª�² ¥5² ©a¤�­e±�± ©%­aª�¶
­a·�¥5¦�§cÌ�¬5§:Ñ�² ©aÄ�·$Ä�Ì�Ì�§:¬]¦�­e± «�©e«�¥5¦�§cª�­
¥*­#¥5©J¸�§�·E¦�² «Ó¥5§�ªd¸�§�¨2©a¯#§�·
¥5¦�§l¤�§2Ø�¥�± ©%­aª#©aÌ�§:¬*­
¥5² ©a¤�ä ·�± ©
Ë�§:¬�¦�­e± «�Ç�­
¥v¥5¦�§�¨2©%·A¥v©e«�­aª�ª�§�ª#¬5§:®eÅ
²�·A¥5§:¬�Ì�¬5§�·5·EÄ�¬5§GÊ0¼�£(¤�¥5¦�²�·�Ë�­GÎa¶a­e± ² ®a¤�§�ª�¯#§:¯#©a¬5Îc­a¨:¨2§�·5·E§�·�·E² ¯cÄ�±�­
¥EÅ
² ¤�®�Ä�¤�­e± ² ®a¤�§�ªå­a¨:¨2§�·5·�¨:­e¤å©aÄ�¥5Ì�§:¬E«�©a¬5¯æ¦�­e¬*ª�Ë�­e¬5§#Ë$¦�²�¨*¦�¥5¬*­e¤�·AÅ
Ì�­e¬5§:¤%¥5± Î�Ì�§:¬E«�©a¬5¯Y·cÄ�¤�­e± ² ®a¤�§�ªt­a¨:¨2§�·5·�Ë$² ¥5¦�©aÄ�¥#¬5§�¨2©a®a¤�² É:² ¤�®�¥5¦�§
¨2©a¤%¥5² ¤�Ä�² ¥AÎa¼�£(¤�­aª�ª�² ¥5² ©a¤�¶f¥5¦�§P¦�­e¬*ª�Ë�­e¬5§#¥5©à·EÄ�Ì�Ì�©a¬E¥#Ä�¤�­e± ² ®a¤�§�ª
¯#§:¯#©a¬5Î�­a¨:¨2§�·5·E§�·�²�·<§2Ø�Ì�§:¤�·E² Ña§#¸�©e¥5¦�² ¤à¥5§:¬5¯Y·<©e«$ª�² §Y­e¬5§�­P­e¤�ª
±�­
¥5§:¤�¨2Î�ç ½�¦�­eÒ�èaè�é,¼

ê�ë,ì íåî�ïlð�ñ�ò×ó%ð�ô0õ]ö#÷$ð�ø�î�õlñ�ð3ó
��ùf�������2��!:�:�
���e��	�����!ûú §�¨:­eÄ�·E§<ü�£AÚ�Ôy² ¤�·A¥5¬5Ä�¨0¥5² ©a¤�·�Ì�§:¬E«�©a¬5¯

¥5¦�§�·5­e¯#§<©aÌ�§:¬*­
¥5² ©a¤P©a¤P§�­a¨*¦P§:± §:¯#§:¤%¥�¶�² ¥]²�·$¨2©a¯#¯#©a¤P¥5©#¬5§�ã%Ä�² ¬5§
¥5¦�§d·5­e¯#§R¨2©a¤�·A¥*­e¤%¥*·#² ¤�§�­a¨*¦t§:± §:¯#§:¤%¥J­a·#Ë�§:± ±M¼ ú §:² ¤�®�­e¸�± §P¥5©
­GÑa©a²�ªc®a©a² ¤�®j¥5©�¯#§:¯#©a¬5Î�¯#©a¬5§l©e«Ó¥5§:¤#¥5¦�­e¤J¤�§�¨2§�·5·5­e¬5Îc²�·v­jÌ�§:¬E«�©a¬EÅ
¯Y­e¤�¨2§�Ë$² ¤�¼�Öv©a¯#Ì�­e¬5§v¥5¦�§l°l± ¥5² ý�§�¨$­eÌ�Ì�¬5©%­a¨*¦�Ç�°l± ®a©a¬5² ¥5¦�¯þ³
ÿeÊ�¥5©
ü�Ä�¤�ä ·fý]£EüPÇ�°l± ®a©a¬5² ¥5¦�¯þ³�Ù%Ê0¼fü�Ä�¤�ä ·�·E©a± Ä�¥5² ©a¤c²�·f¯cÄ�¨*¦�¯#©a¬5§$¨2©%·A¥5± Î
¸�§�¨:­eÄ�·E§$² ¥v¯cÄ�·A¥v­a¨:¨2§�·5·�¯#§:¯#©a¬5Îc©a¤�¨2§�«�©a¬�§�­a¨*¦#Ña§�¨0¥5©a¬�¨2©a¤�·A¥*­e¤%¥�¶
­a·�©aÌ�Ì�©%·E§�ªJ¥5©Y©a¤�¨2§<² ¤P¥5¦�§�¨:­a·E§�©e«�Úd©e¥5©a¬5©a±�­�ä ·�°l± ¥5² ý�§�¨e¼

���������
	���
������P������	��j ����������c����!:�������Y�2��	���	�����	
	a����	����
7A7�mEbAZ([]ZM?5[���?0>Mk*>(Z C >�
E)�SEbM?0_Mk5ZM?Ek*_�\5b,+lT5S(oC &*_ C &5B5/21f6G13+5IC &ED &0/,L�1�+0/A/213+5I&('*),+(- &0/,K�1�&0/,K�13&0/,L�13&5B5/c7�&0/,KG9�; �0/G; �54e; �5Be; �EFa; �5Ie; �5Ke; �5Le; ¢(T�;&*_�' C k(�z&5B(6G1�&0/,K�1fK 7�&5B(6
9�; �5Le; �5Le; �5Le; �5Le; �5Le; �5Le; �5Le; �5Le;&*_�' C k(�z&54AH�1�&0/,K�1fI 7�&54AHG9�; �5Ke; �5Ke; �5Ke; �5Ke; �5Ke; �5Ke; �5Ke; �5Ke;&*_�' C k(�z&54AN�1�&0/,K�1�F 7�&54ANG9�; �5Ie; �5Ie; �5Ie; �5Ie; �5Ie; �5Ie; �5Ie; �5Ie;&*_�' C k(�z&54AL�1�&0/,K�1fB 7�&54ALG9�; �EFa; �EFa; �EFa; �EFa; �EFa; �EFa; �EFa; �EFa;&*_�' C k(�z&54AK�1�&0/,K�1f4 7�&54AKG9�; �5Be; �5Be; �5Be; �5Be; �5Be; �5Be; �5Be; �5Be;&*_�' C k(�z&54AI�1�&0/,K�1�/ 7�&54AIG9�; �54e; �54e; �54e; �54e; �54e; �54e; �54e; �54e;&*_�' C k(�z&54(FG1�&0/,K�1�6 7�&54(F
9�; �0/G; �0/G; �0/G; �0/G; �0/G; �0/G; �0/G; �0/G;

ê�ë�� ����î�î�öAð��lð����$ó
� 	���
���������	���	
	a �� ��	��������������� �!����3�
�a �! ½�¦�§c¨2©a± ©a¬]·EÌ�­a¨2§

¨2©a¤�Ña§:¬*·E² ©a¤�Òa§:¬5¤�§:±�²�·�­e¤Y§2Ø�¨2§:± ± §:¤%¥v§2Ø�­e¯#Ì�± §l©e«�¥5¦�§]Ì�¬5©a¸�± §:¯xË$² ¥5¦
·E² ¤�®aÄ�±�­e¬�¶
¦�² ®a¦�± Î�Ä�¥5² ± ² É:§�ª�¬5§�·E©aÄ�¬*¨2§�·:¼fÖv©a¤�·E²�ª�§:¬f¥5¦�§$² ¤�² ¥5²�­e±�·A¥5§:Ì#©e«
¥5¦�§#¨2©a± ©a¬�·EÌ�­a¨2§�¨2©a¤�Ña§:¬*·E² ©a¤RÒa§:¬5¤�§:±�Ë$¦�²�¨*¦�¨2©a¤�Ña§:¬E¥*·$«�¬5©a¯ ¸�­e¤�ª�Å
² ¤%¥5§:¬5± §�­GÑa§�ª ¥5©y­×¯#©a¬5§�ü�£AÚ�ÔlÅM«�¬5² §:¤�ª�± Îy¸�­e¤�ª�Å(·E§:Ì�­e¬*­
¥5§�ªyÌ�² Ø�§:±
«�©a¬5¯�Ç�°l± ®a©a¬5² ¥5¦�¯ ³�è%Ê0¼�½�¦�§à¨2©a¤�¨2± Ä�·E² ©a¤�¥5©t¸�§àª�¬*­GË$¤�²�·J¥5¦�­
¥

� µ



���������
	���
������������������ ����!�"#��$%!&�'�(!�	���	�$%��	�)*$���	���!
+-,/./021432.658769:065;9<772=>92?8@BA>?8@#C D8E>F>G/H;I<J(KLA;./M,21/1 N A;./MPOQA;,/.�C D8E>F>G/H;I<J6RSKLA2T:U/MV+WA2T:U/MSXYD8E72=>92?8@BA>?8@#C D:M/F>G/H;I<J(KLA;./M,21/1 N A;./MPOQA;,/.�C D:M/F>G/H;I<J6RSKLA2T:U2Z[+WA2T:U2Z
XYD:M72=>92?8@BA>?8@#C D:U/F>G/H;I<J(KLA;./M,21/1 N A;./MPOQA;,/.�C D:U/F>G/H;I<J6RSKLA2T:U/\V+WA2T:U/\SXYD:U72=>92?8@BA>?8@#C D;Z;F>G/H;I<J(KLA;./M,21/1 N A;./MPOQA;,/.�C D;Z;F>G/H;I<J6RSKLA2T:U/]V+WA2T:U/]SXYD;Z72=>92?8@BA>?8@#C D:^/F>G/H;I<J(KLA;./M,21/1 N A;./MPOQA;,/.�C D:^/F>G/H;I<J6RSKLA2T;Z/_[+WA2T;Z/_
XYD:^72=>92?8@BA>?8@#C D:\/F>G/H;I<J(KLA;./M,21/1 N A;./MPOQA;,/.�C D:\/F>G/H;I<J6RSKLA2T;Z;MV+WA2T;Z;MSXYD:\72=>92?8@BA>?8@#C D:`/F>G/H;I<J(KLA;./M,21/1 N A;./MPOQA;,/.�C D:`/F>G/H;I<J6RSKLA2T;Z/Z[+WA2T;Z/Z
XYD:`

a:b�c;d*e%a<f(b�chg:i�j
glkPm n nLo�bpi%m q*i%n r�e�g:m n m s#b�t�c;i%d*e%nut�o�b�t�e%v%n muf#j
g:b�t�m w
d*a<t�b#aQg:d�jxn n d
kzy�d*a4v�jxa<jxn n b#n�m w�c/g:a:e�f8g:m d*w{b(|�b�f(e�g:m d*wY}&dxg:i%b#a:kPmuc;b~j
o�dxg;g:n b#w%b�f<��muc�f(a:b�j
g:b�t�kPi%muf<i~v%a:b#�*b#w�g<cLg:i%b�b(|�g:a<j*f8g:m d*w�dxy�m w�c/g:a:e�f8�
g:m d*w�n b#�*b#n�v�jxa<jxn n b#n muc;���

���������
	���
������������-��������������$%�*������!&�����
"�	���!-�����
!����
�;�>� F>9:./F2�>�;�:F/,/./.6�*X+W,/./021 � 065:14@�5;9:= � ,/=/0>�:=21Q@�5/�/�;9Q1;0>9:00/,;@ � 5<021/1 � A:@>_SK�A � _SK�A;,2_,21/1 N A;,2_/RSK�A2T:M,21/1 N A;,2_lO4]2RSK�A2T;ZT:0/,;@ � 5:1;0>9:0�A2T:M�K�A2T;ZSK�A2T:M +�A2T:MSX�� �;_*� �/_*� �;_*� �8ES� �<ES� �8ES� �:Mx� �;Mx�,21/1 N A;,2_lOpE>\2RSK�A2T:\T:0/,;@ � 5:1;0>9:0�A2T;ZSK�A2T:\�K�A2T;Z +�A2T;Z
X�� �:Mx� �:Ux� �;Ux� �:Ux� �;Z*� �/Z*� �;Z*� �:^x�,21/1 N A;,2_lO4M2Z/RSK�A2T:]T:0/,;@ � 5:1;0>9:0�A2T:\�K�A2T:]�K�A2T:\ +�A2T:\SX�� �;^x� �:^x� �:\x� �;\x� �:\x� �:`x� �;`x� �:`x�+-32.65;�:= � 9lT � .6� � 065:1�@�5;9:= � ,/=/0>�:=21�9:. � 065:1472=6�<0 � 0>9:=21PT:. � �<0>9+�A2T:MSX�� �;_*� �/_*� �;_*� �8ES� �<ES� �8ES� �:Mx� �;Mx�
�/� A � _SK�_/ ;U�K�A � 7 � +-72=>9�0/,;@ � 5/�<=65;9lT:. �4¡/¡ M2ZT:0/,;@ � 5:1;0>9:0�A2T:M�K�A2T;ZSK�A2T:] +�A2T:]SX�� �8ES� �<ES� �8ES� �:Mx� �;Mx� �:Mx� �:Ux� �;Ux�
�/� A � _SK�_/ ;\�K�A � 7 � +-72=>9�0/,;@ � 5/�<=65;9lT:. �4¡/¡ Z;]T:0/,;@ � 5:1;0>9:0�A2T:M�K�A2T;ZSK�A2T8E6_[+�A2T8E6_
X�� �:Mx� �;Mx� �:Mx� �:Ux� �;Ux� �:Ux� �;Z*� �/Z*��/� A � _SK�_/ <E(K�A � 7 � +-72=>9�0/,;@ � 5/�<=65;9lT:. �4¡/¡ Z;]T:0/,;@ � 5:1;0>9:0�A2T;ZSK�A2T:\�K�A2T8E>MV+�A2T8E>MSX�� �:Ux� �;Ux� �:Ux� �;Z*� �/Z*� �;Z*� �:^x� �;^x��/� A � _SK�_/ /ZSK�A � 7 � +-72=>9�0/,;@ � 5/�<=65;9lT:. �4¡/¡ U/MT:0/,;@ � 5:1;0>9:0�A2T;ZSK�A2T:\�K�A2T8E6Z[+�A2T8E6Z
X�� �;Z*� �/Z*� �;Z*� �:^x� �;^x� �:^x� �:\x� �;\x��/� A � _SK�_/ ;`�K�A � 7 � +-72=>9�0/,;@ � 5/�<=65;9lT:. �4¡/¡ ^/\T:0/,;@ � 5:1;0>9:0�A2T;ZSK�A2T:\�K�A2T8E>\V+�A2T8E>\SX�� �:^x� �;^x� �:^x� �:\x� �;\x� �:\x� �:`x� �;`x��/� A � _SK�_/ ;M�K�A � 7 � +-72=>9�0/,;@ � 5/�<=65;9lT:. �4¡/¡ E>\T:0/,;@ � 5:1;0>9:0�A2T:\�K�A2T:\�K�A2T8E>]V+�A2T8E>]SX�� �:\x� �;\x� �:\x� �:`x� �;`x� �:`x� �;^x� �:^x��/� A � _SK�_/ ;^�K�A � 7 � +-72=>9�0/,;@ � 5/�<=65;9lT:. �4¡/¡ Z/_T:0/,;@ � 5:1;0>9:0�A2T:\�K�A2T:\�K�A2T:M2_[+�A2T:M2_
X�� �:`x� �;`x� �:`x� �;^x� �:^x� �:\x� �;\x� �:\x�

¢¤£6¥ ¦¨§�©«ª­¬/®%§L¯�°%¬/±h²Q³
��´u�Y´��µ�Y¶L·�"�$%�¸����	�!��{¹º���»���S¼»�½�*�*��"�"
¾ m q*e%a:b�cÀ¿
j�jxw�t�¿SoÁt�b#�½d*w�c/g:a<j
g:b�g:i%bQk�jSr�m w'kPi%muf<i½g:i%bQi%d*a:m s#d*w��
g<jxnhjxw�t��*b#a;g:muf#jxnÂc;e%o�c:jx�½v%n m w%q��*b#a:w%b#nucpj*f#f(b�c:c��½b#�½d*a:r*}Ya:b�c;v�b�f8�
g:m �*b#n r*�

��´u�Y´ÄÃÅ�Y$%�¸�������(!�"#�#�
¶��x��	���!¨�Y���
Æ i%b�m w�c/g:a:e�f8g:m d*w�clg:i�j
g�f(d*�½v%a:muc;bpg:i%b~v%a:d*v�d�c;b�t���e%n g:m �½b�t�mujÁb(|��
g:b#w�c;m d*w�c;b(gQjxa:b4d*e�g:n m w%b�t Æ jxo%n b�cPÇ%}�È%}%jxw�t{É�Ê%�

ËÍÌPÎ
Ì�Ï�ÌPÐ�ÑÀÌPÒ

Ó Ô�Õ Õ Ö/×
Ø8Ø:ÙWÚ�Û�Ü2Ý:Þ:ÛÄß½à�á&â&ã ã Ü2ä
å�æ%Û�ç è:ä'é�á�à�ê;è:ä#ë>åLéxç ì>ß~í�á&î<Þ:ï#ä
å�ð>ñ�Ü2è:ã ò ó�ç ô¤Ü
õ ç Ý:ï(ò ó�ï#Û�Þ:ö#Ý:ï#÷#ö(ø&ù(Þ:ä#è:Û�æ%Ü2è:ô�ú Þ:Û�ô¤ç ä#Ý�íYÜ2Û�ä#Ü2ã ë�û&ë�ç ä#Ý�ü&è;ø�ç ê<Ü�ù(ç Ý;òä#è:ã8ý�Û�Þ8þ2Ü2ë�ë�ç ä#Ý�è:ä#ÿ���Ü2ô¤Þ:ÛÄß�éxè;ø�Ü2ä#þ>ß õ ç ÿ#ç ä#Ý�ó*Ü2þ6ï#ä#ç �8ö#Ü2ë>å ð������
	��
���
� ������� ���������������� ! �
"$#
�&%'�
(��)�'�
(+*
 ,
(-#
! �/.0*
1
� �2� "���#
(-�3%'�
"54
6
7 �2� �/�:å*ý�è:þ2ç 8Sþ¤Ú�Û�Þ2ê<Ü:å:9%è:ã ç ú Þ:Û�ä#ç è(å<;�þ>ø�Þ
=SÜ2Û�>�?;ò@>
A8å�BDC
C
C8å*÷#÷
áEBDF
A/òB)?GB

HJI�K LDM<NPO
LDK Q&R�SUT/L)I�VUQ�LDK W�SUT
R�SUT/L)I�VUQ�LDK W�S X�OYT)Q
I�K ZULDK W�S
ê;è:ÿ#ÿ-BD>;ë BD[]\^BD>;ë&ô¤Þ8ÿ#ö#ã Þ�è:ÿ#ÿ#ç ø�ç Þ:ä
ê;è:ÿ#ÿ
>�?:ë _]\�>�?:ë&ô¤Þ8ÿ#ö#ã Þ�è:ÿ#ÿ#ç ø�ç Þ:ä
ê;è:ÿ#ÿ`?Y_;ë ?J\$?Y_;ë&ô¤Þ8ÿ#ö#ã Þ�è:ÿ#ÿ#ç ø�ç Þ:ä
ê;è:ÿ#ÿ(ú ÷ ?J\hú ÷�è:ÿ#ÿ#ç ø�ç Þ:ä
ê(ë�ö`=-BD>;ë BD[]\^BD>;ë&ô¤Þ8ÿ#ö#ã Þ�ë�ö`=(ø�Û�è:þ>ø�ç Þ:ä
ê(ë�ö`=
>�?:ë _]\�>�?:ë&ô¤Þ8ÿ#ö#ã Þ�ë�ö`=(ø�Û�è:þ>ø�ç Þ:ä
ê(ë�ö`=`?Y_;ë ?J\$?Y_;ë&ô¤Þ8ÿ#ö#ã Þ�ë�ö`=(ø�Û�è:þ>ø�ç Þ:ä
ê(ë�ö`=(ú ÷ ?J\hú ÷�ô¤Þ8ÿ#ö#ã Þ�ë�ö`=(ø�Û�è:þ>ø�ç Þ:ä
ê(ô�ö#ã ø�>�?:ë _�\�>�?:ë&ô�ö#ã ø�ç ÷#ã ç þ2è;ø�ç Þ:ä
ê(ô�ö#ã ø�?Y_;ë ?]\$?Y_;ë&ô�ö#ã ø�ç ÷#ã ç þ2è;ø�ç Þ:ä
ê(ô�ö#ã ø�ú ÷ ?]\hú ÷�ô�ö#ã ø�ç ÷#ã ç þ2è;ø�ç Þ:ä
ê�\(ë�ö#ô�>�?:ë _]\�>�?:ë&þ2Û�Þ:ë�ëÄò a�ç ë�Ü�ë�ö#ô¤ô¤è;ø�ç Þ:ä
ê�\(ë�ö#ôJ?Y_;ë ?J\$?Y_;ë&þ2Û�Þ:ë�ëÄò a�ç ë�Ü�ë�ö#ô¤ô¤è;ø�ç Þ:ä
ê�\(ë�ö#ô�ú ÷ ?]\hú ÷�þ2Û�Þ:ë�ëÄò a�ç ë�Ü�ë�ö#ô¤ô¤è;ø�ç Þ:ä
ê(Û�ë��8ÛÄø�Ü>ú ÷ ?]\Àú ÷ÀÛ�Ü2þ2ç ÷#Û�Þ8þ2è:ãSë��8ÛÄø�Ü2ëÄø�ç ô¤è;ø�ç Þ:ä
ê<þ2ã ç ÷(ú ÷ ?J\hú ÷Àþ2ã ç ÷Àø�Ü2ëÄø&þ2Þ:ô¤÷#è:Û�ç ë�Þ:ä
ê;è:ä#ÿ =#ç ø@a�ç ë�ÜLè:ä#ÿ
ê<Þ:Û =#ç ø@a�ç ë�ÜLÞ:Û
ê�\(Þ:Û =#ç ø@a�ç ë�ÜLÜ/\(þ2ã ö#ë�ç ê<Ü�Þ:Û
ê;è:ä#ÿ#þ =#ç ø@a�ç ë�ÜLè:ä#ÿ$a�ç ø�ï�þ2Þ:ô¤÷#ã Ü2ô¤Ü2ä<ø
ê(ä#Þ:Û =#ç ø@a�ç ë�ÜLä#Ü2Ý:è;ø�Ü2ÿÀÞ:Û
ê(ë�Û�èGBD>;ë ë�ï#ç ú ø&Û�ç Ý:ï<ø&è:Û�ç ø�ï#ô¤Ü>ø�ç þ
ê(ë�Û�ã BD>;ë ë�ï#ç ú ø&Û�ç Ý:ï<ø&ã Þ:Ý:ç þ2è:ã
ê(ë�ã BD>;ë ë�ï#ç ú ø�ã Ü>ú ø
ê(ë�Û�èY>�?:ë ë�ï#ç ú ø&Û�ç Ý:ï<ø&è:Û�ç ø�ï#ô¤Ü>ø�ç þ
ê(ë�Û�ã >�?:ë ë�ï#ç ú ø&Û�ç Ý:ï<ø&ã Þ:Ý:ç þ2è:ã
ê(ë�ã >�?:ë ë�ï#ç ú ø�ã Ü>ú ø
ê(ë�Û�è
?Y_;ë ë�ï#ç ú ø&Û�ç Ý:ï<ø&è:Û�ç ø�ï#ô¤Ü>ø�ç þ
ê(ë�Û�ã ?Y_;ë ë�ï#ç ú ø&Û�ç Ý:ï<ø&ã Þ:Ý:ç þ2è:ã
ê(ë�ã ?Y_;ë ë�ï#ç ú ø�ã Ü>ú ø
ê(ô¤è�\�BD>;ë BD[]\^BD>;ë&ô¤è�\(ç ô�ö#ô
ê(ô¤è�\`>�?:ë _�\�>�?:ë&ô¤è�\(ç ô�ö#ô
ê(ô¤è�\G?Y_;ë ?]\$?Y_;ë&ô¤è�\(ç ô�ö#ô
ê(ô¤è�\8ú ÷ ?]\hú ÷�ô¤è�\(ç ô�ö#ô
ê(ô¤ç ä-BD>;ë BD[�\PBD>;ë&ô¤ç ä#ç ô�ö#ô
ê(ô¤ç ä
>�?:ë _�\&>�?:ë&ô¤ç ä#ç ô�ö#ô
ê(ô¤ç ä`?Y_;ë ?]\�?Y_;ë&ô¤ç ä#ç ô�ö#ô
ê(ô¤ç ä(ú ÷ ?J\hú ÷�ô¤ç ä#ç ô�ö#ô
ê(ë�è:ÿ-BD>;ë BD[�\^BD>;ë&ë�ö#ô{Þ;ú�è
=#ë�Þ:ã ö(ø�ÜYÿ#ç b
Ü2Û�Ü2ä#þ2Ü2ë

Æ jxo%n bpÇ�c �Á�
	���
��»����	����(!�"#�#�
¶��x��	���!�"

d ¿



���������
	���
����
��������� ��
��
��
����
��������� ��
 �����
����� ����� ��

� � !�"�#%$�&�' $�(*)+"�#-,/.0$�&�'1��2
3�465�71� 5�8�!
� � !�"�#�&�9�' ":)+"�# ,/.;&�9�'1��2
3�465�71� 5�8�!
� � !%$�(�'6&�9�' "*)<$�(�'=,/.;&�9�'1��2
3�465�71� 5�8�!
� � !%$�(�'/9�"�' 9>)<$�(�'=,/.19�"�'1��2
3�465�71� 5�8�!
� � !�?�&�'/9�"�' 9>)+?�&�'=,/.19�"�'1��2
3�465�71� 5�8�!
� � ! @ A @ A 9*)B@ A ,/.C@ AB��2
3�465�71� 5�8�!
� � !%$�D�& $0)�$�D�&:��2
3�465�71� 5�8�!
� '=4
$�&�'6"�# $�(*)<$�&�'1,/.;"�#-��2
3�465�71'=465�7/2
� '=4�&�9�'6"�# ":)+&�9�'=,/.;"�#+��2
3�465�71'=465�7/2
� '=4�&�9�'�$�(�' ":)E&�9�'=,/.0$�(�'1��2
3�465�71'=465�7/2
� '=469�"�'�$�(�' 9*)+9�"�'=,/.0$�(�'1��2
3�465�71'=465�7/2
� '=469�"�'6?�&�' 9*)+9�"�'=,/.;?�&�'1��2
3�465�71'=465�7/2
� '=4/@ A @ A 9>)B@ A ,/.C@ AB��2
3�465�71'=465�7/2
� '=4
$�D�& $0)�$�D�&:��2
3�465�71'=465�7/2
� � !F'=4676(�9 '=467/G !F2
!-� 5�8�!E(�9>465�468���HFG 46'
� � !F'=467�$�&�" '=467/G !F2
!-� 5�8�!�$�&�"*465�468���HFG 46'
� '=46'=4676(�9 '=467/G !F2
!-'=465�7/2:(�9>465�468���HFG 46'
� '=46'=467�$�&�" '=467/G !F2
!-'=465�7/2>$�&�"*465�468���HFG 46'
� � !F'/3�"�#%$�&�' "�# ,/.0$�&�';� 5�8�!+'/3
8�� 8�7
� � !F'/3�"�#�&�9�' "�# ,/.;&�9�';� 5�8�!+'/3
8�� 8�7
� � !F'/3�$�(�'6&�9�' $�(�'=,/.;&�9�'I� 5�8�!+'/3
8�� 8�7
� � !F'/3�$�(�'/9�"�' $�(�'=,/.19�"�'I� 5�8�!+'/3
8�� 8�7
� � !F'/3�?�&�'/9�"�' ?�&�'=,/.19�"�'I� 5�8�!+'/3
8�� 8�7
� � !F'/3�@ A @ A @ A ,/.C@ A-� 5�8�!+'/3
8�� 8�7
� '=46'/3�$�&�'6"�# $�&�'=,/.;"�#E'=465�7/2J'/3
8�� 8�7
� '=46'/3�&�9�'6"�# &�9�'=,/.;"�#E'=465�7/2J'/3
8�� 8�7
� '=46'/3�&�9�'�$�(�' &�9�'=,/.0$�(�'I'=465�7/2J'/3
8�� 8�7
� '=46'/3
9�"�'�$�(�' 9�"�'=,/.0$�(�'I'=465�7/2J'/3
8�� 8�7
� '=46'/3
9�"�'6?�&�' 9�"�'=,/.;?�&�'I'=465�7/2J'/3
8�� 8�7
� '=46'/3�@ A @ A @ A ,/.C@ A+'=465�7/2J'/3
8�� 8�7
!F'/' !F8�468>'=467/2
8�KL'=465�A
!F'=4 !F8�468>'=467/2
8�KM465�#F3�N
!F'=46'=4 !F8�468�'=467/2
8�KM465�#F3�N-@ 5�71'=465�7/2

O:P�QSR TVUSW>XZY\[^]C_�`^a b:cFdF_%e:f�d�g6]1b:c

i+5i+3i+1ii-1i-3i-5

0x10b4

0x10a8

0x109c

0x1090

0x1084

0x1078

0x106c

0x1060

0x1054

0x1048

0x103c

0x1030

0x1024

0x1018

0x100c

0x1000

hji k0lJm�n6o p�m�q r�i�sCtFu�v�w�i�xEy�s o q�z

j+6

j+5

j+4

j+3

j+2

j+1

j

j-1

j-2

j-3

j-4

j-5

0x10b4

0x10a8

0x109c

0x1090

0x1084

0x1078

0x106c

0x1060

0x1054

0x1048

0x103c

0x1030

0x1024

0x1018

0x100c

0x1000

h v�k;{1|�n/r�o }�i�sStFu�v�w�i�xEy�s o q�z

~:� ���S��TL�\WL�0eJ�*c��S[��*�6g6b:��XZY\[^]C_�`���f�f�Y\c�c������ST�Q\����T�����T �
� �S� ��T�������� �����S����T��� STVR �\����� ��TF��P%��� �� MP���TV� � ��� R T��I¡C¢E� ���LP� MP����
���%¢��  C���j�FP%���  S�����ST£��� ��T������ �� M���ST¤����� ���  CP�RJP�R ������� ���S�¥���%¦�T��E�� 
���SQC��T � �STF ��E� ��TF��P%��� �� C�

��§ �
§©¨>��§F����§�
�ª�������
��>��
����
��������� ��
��
��
����
��������� ��
 �����
����� ����� ��

� K>7/«�N%$�& #FAFA�2
71":)<$�&>K>2
7/«�2
� K>7/«�N�&�9 #FAFA�2
7C9*)+&�9�K>2
7/«�2
� K>7/«�NF9�" #FAFA�2
71&:)-9�">K>2
7/«�2
� K>7/«�� $�& � 5
¬S2
7I":)<$�&>K>2
7/«�2
� K>7/«�� &�9 � 5
¬S2
7;9*)+&�9�K>2
7/«�2
� K>7/«�� 9�" � 5
¬S2
7I&:)-9�">K>2
7/«�2
� A�2
7/K>'/2�4
$�& $�(:)�$�&*A�2
7/K:# 462I'/#FHF'/2�4
� A�2
7/K>'/2�4�&�9 ":)E&�9>A�2
7/K:# 462I'/#FHF'/2�4
� A�2
7/K>'/2�469�" 9*)+9�"*A�2
7/K:# 462I'/#FHF'/2�4
��3�NF2
3�­�$�& $�(:)�$�&*3�NF2
3�­�2
7/H�5�8�7/!
��3�NF2
3�­ &�9 ":)E&�9>3�NF2
3�­�2
7/H�5�8�7/!
��3�NF2
3�­�9�" 9*)+9�"*3�NF2
3�­�2
7/H�5�8�7/!
��2�) 3�NF2
3�­�$�& $�(:)�$�&*7/2���2
7/'/203�NF2
3�­�2
7/H�5�8�7/!
��2�) 3�NF2
3�­ &�9 ":)E&�9>7/2���2
7/'/203�NF2
3�­�2
7/H�5�8�7/!
��2�) 3�NF2
3�­�9�" 9*)+9�"*7/2���2
7/'/203�NF2
3�­�2
7/H�5�8�7/!
� '/AF� 4
$�& '/AF� 8�4J$�&�, HFG 4;2
� 2
K>2
®�4
� '/AF� 4�&�9 '/AF� 8�4I&�9�, HFG 4;2
� 2
K>2
®�4
� '/AF� 469�" '/AF� 8�4;9�"�, HFG 4;2
� 2
K>2
®�4
� '/AF� 46G $�&�' '/AF� 8�4;G K>K>2
!FG 8�462;8�'J$�&�'
� '/AF� 46G &�9�' '/AF� 8�4;G K>K>2
!FG 8�462;8�'I&�9�'
� '/AF� 46G 9�"�' '/AF� 8�4;G K>K>2
!FG 8�462;8�';9�"�'
� � !F'/� � 5�8�!+� 2�@ 41A�2
7/K:# 462I3
5�®�467/5��%��2
3�465�7
� � !F'/7 � 5�8�!+7/G «�N�4;A�2
7/K:# 462I3
5�®�467/5��%��2
3�465�7
� A�2
7/K $�&�, HFG 4;A�2
7/K:# 468�46G 5�®
� 7/5�46� G $�& 7/5�468�462J� 2�@ 41G K>K>2
!FG 8�462IH�¯<$�&�, HFG 4;K:#F� 46G AF� 2
'

O:P�QSR T�°�±SW>²���d��´³�Y\��_�_%�Sb:�1Y\[^Y\b;d�a b:cFdF_%e:f�d�g6]1b:c

µ�¶



� ���������	��

�����	����������� ������� �!��� ����"!#%$&���	' #)(*
 ���+
-,/.�0 �	�213��������"*4
"��	�65�7	8:9-�����<; =�,/� >?� @���,/� �	�BA C�� ���	# DE13C�F�0 � ����,/� �	�HG�I	I�J	JLK�#
M �!�N'+AO#+
P=���� 0QI�J	J	J�# R�S S TVU W�WNX3X3XZY [	\^]�Y _a`	\bW�Tdca`�]	ef_�S g
Wh_�TLi!WV[LS R�j `	kLWfS*l!_aRd]�`	_!g&W�T�]/m WNn�n�o�o�p�Y T�]/mN#q���!,/��� �!�L���+
P=���� 0rI�s�#
I�J	J	J

� ������t�t	��

�����	�������u��� �����v� �!��� ����"!#w$&���	' #x(*
 ���y
-,/.�0 �	�+13����4
����"�"��	�Qzh���a.���� ���	0|{-��� �!}*# D~13C�F�0 � ����,/� �	�yG�I	I�JL��s�# M �!�N'�O# � ������>OFN��� ���	�	��# R�S S TVU W�WNX3X3XZY [	\^]�Y _a`	\bW�Tdca`�]	ef_�S g
Wh_�TLi!WV[LS R�j `	kLWfS*l!_aRd]�`	_!g&W�T�]/m WNn�n�o����NY T�]/mN#q���!,/��� �!�L���+
P=���� 0rI�s�#
I�J	J	J

� �P�f�L�at��	� M '�{-.��	���	������#���'���'��L�	.��f#�{P'���'������	��"!# M ' M �	��.��	����� "�.����	�f#N�!�����	0 4C���,/� ����������zh���a.����	0 �	�����P"�� ��������1��	������C�0 ,/� >?����� ��
P=�=�0 � ����4
,/� �	��"!# ���-ca`	_�YV`/mPS RNl�����g!S¡ �¢-¢-¢� �kNS j Yf£d¤	\OTVYh`	k¦¥�§&_!ca`�[	c!_aR�§ S*l!_�S e�c!l
¨ ¥� �©-ª�«P¬*���a­L#L� �	0 0 �	"!#Lzh�!5��	"!#	®P���L��>OFN���¡¯�J�4 � ������>OFN���VI�#����	�	7�#L=�=f'¯	K�4 sL8

� °P�N±�²ft�³	�6´�� 0 �	>µ9-.����f#�¶b'��L�	.�� M ������� �	#���C���� 0d{-.����L�	#��3��·-�	���¸
b'��V���	#f�!®P��4,/� �L����� �	���	0Z13��������"�"�� �����	�¹,/.��^�P0 ,/���L��=��	���^� ��,/.��^1�,/�	0 ��>b���3�L��� 4
���	��>?���L,�# � �-ca`	_�YV`/m S RNl���oLS R¸ºPkdkdeN[	jfº�ga§ j `	\^[	c?©
`	k�m�Yh`	k�£d§ i	kf[	j g!»
£d¤	g!S*l!\¼g!»¼[	kf]�©
`	\OTdedS*l!c!g	#31¡�	��� ½N�^A �����L�	#
9-�	0 � } �	����� ��#3®P���L��>OFN���
¯�4&8�#h���	�	8�#d¾3�	0 'dI�#N=�=f'f��¯	8	7�4���¯	K	I

� °P�N±�¿�t�À��ÁA �����	0 �Â9-.����	����#Ã���	��� ���Ä�V�	>^#6�!
P�Â; =�,/� >?� @�����} �	�Å��C�0 ,/� 4
>?����� �<$&��"*,/��C��!,/� �	�B���!,/"!# �B�-ca`	_�YÆ`/mÄS RNlÄn�kf]Ç£-Èh �Ér©
`	\¸¬
Td§ j l!c)Ê¼`	c!Ë�g/Rd`�TN»ÌºPe�i	e�g!SÅnd�	¬&n���»Â�LÍ�Í�p	»<£NS&[	k�m!`	ca]ÎÈhkd§ Ï�l!c�¬
ga§ S ¤L»�R�S S TVU W�WNgae�§ m�Y g!S&[	k�m!`	ca]�Y la]	e	WNgae�§ m�_a`	k�m WNgae�§ m�_a`	k�m/n�W�T�[�Tdl!c!g&WNnd��Y Tdg	#
���!,/��� �!�L���^
P=���� 0VI�s�#fI�J	J	J

� °P¿�ÐN±����	�Ì9-������130 ���L# (&¾3���!,/�	�/9 9-�	>?=�� 0 ���!# D
R�S S TVU W�WNX3X3XZY _a`�]�l�Tdj [	¤�Y _a`	\bWNÏ�l!_�S&`	c!_�Y R�S \¼j #N���!,/��� �!�L���^®P���L��>OFN��� I	8�#
I�J	J	J

� °P¿�Ñ�Òf���	��9-�	>?=��	ÓÅ9-�	>?=�C�,/���Ô9-�	��=N�	����,/� �	�f#�(*
P0 =�.��ÕI���I	8�sÖ��� �����	=���������"*4
"��	�Æ¶P�	����·-�	��� M �!} ���������������	��C��	0 # DÄ1¡�	�*,Æ®P��'×����4 J	JLI	K�
Z4 z
�Z#
Ø ��F���C��	�*� I�J	J	J�# R�S S TVU W�WNX3X3XZY gaeLT�T�`	c�S*Y _a`	\OT�[�Ù�Y _a`	\bWV[	j T�Rd[L¬
S&`�`	j g&WV]�`	_!e�\�l!kNS&[LS § `	kLWh_!e�c!c!l!kNS WNnd��n�Ú��LÛ�¢�Ü�Ú�paWV]	g!¬�o�o	ndpL[L¬
S*l/Û�nd��n�Ú��LÛOR�c!\�Y T�]/mf#N���!,/��� �!�L���¸
P=���� 0VI�s�#fI�J	J	J

� °P¿�²�Ý!t�À��Hz
.��	>?�	"���' 9-�	�L,/�	#�13���	������=���'Z� C�FN�!�L# ����,�,/.��!·Ö�O'Z�L������� ���	"!#
M C�FL�Þ{P'��V���	#b
P0 �!5ß1¡��0 ����#O���	0 0 � �	. M ��,/.����	>^#O��� �	�����a.�0 �	��"��	���!#1¡�!,/���O���	����#¡
P�������!·à´á�	0 } �	#
��9-.��	0 0 �����	��"�,/�¦9-�	>OF�� ��� ����A ���������	0 4
13C���=N�	"��b�	������C�0 ,/� >?����� �O13��������"�"��	��"!# �� �¢-¢-¢µ©
`	\OTdedS*l!c�#�¾3�	0 'N¯�J�#
®P��'h��I�#d� ������>OFN���P���	�	K�#d=�=f'N¯	¯�4&¯	K

� â-ã äa�ft��	� M �	�����	0 0f��' Ø � "�.����!#�¶P�����*�¸AO'd� � �!,/@	#f��9-�	>?=�� 0 � ���b} �	�Z��$*���Þ´�� ,/.�� �� M ���	� "*,/���!# ���-ca`	_�Y?`/m�S RNl×���	S RÔ �kNS j YáÊ¼`	c!Ë�g/Rd`�Tå`	k�æV[	k�i	eN[�i�l!g
[	kf]^©
`	\OTd§ j l!c!ghm!`	c �Z[	ca[	j j l!jh©
`	\OTdedS § k�i ¨ æ-©3� ©�ç ÍLè�­L#�9-.��	=N��0�¶P� 0 0 #®P�	�*,/.�9-�	���	0 � ����#d
PC��	C�"*, K�4&��#h���	�	7�#N=�=f'dI	��J�4&¯�J	s

� é*²�Ýa±�ê t�t��	�ë$&�L,/��0Ô9-�	��=N�	����,/� �	�f#à(*$&�L,/��0ë
P���a.�� ,/���!,/C����Ö����} ,&·-�	���Å� �!�L��0 �	=N���!ì "
���	��C��	0 #¼¾3�	0 C�>?�Þ�	íµ{-�	"�� ��
P���a.�� ,/���!,/C����	# Dß13C�F�0 � ����,/� �	�àI�sL¯�����J�#
���	�	��#qR�S S TVU W�WV]�l!Ï�l!j `�Tdl!c�Y § kNS*l!j Y _a`	\bWV]�l!ga§ i	kLW�Tdl!kNS § e�\¼§ §EWN\^[	kded¬
[	j g&WNnL�����LÍ�o�o	ndY �
î É�#V���!,/��� �!�L���¸
P=���� 0hI�s�#NI�J	J	J

� é*²�Ýa±�ê t�tLïd�×$&�L,/��0×9-�	��=f' #à�!$&���������	"�� ���å,/.��µ

����C����	�!�Ã��}×,/.�� M ��"�C�0 ,/"ë} ���	>,/.�� M ����� =��������	0Õ�	��� M ����� =��������	0Ö��Ó�C��	��� M ����,Á$&��"*,/��C��!,/� �	��"
C�"�� ���ð,/.��ñ®P�!·
,/�	��4 M �	=�.�"��	�ò���!,/.����f# �ò �kNS*l!j:ºZT�Tdj §&_a[LS § `	k
ó `LS*l�º��
¬*è�oL�h# Ø ��F���C��	�*�ås�#����	�	��#ëR�S S TVU W�WV]�l!Ï�l!j `�Tdl!c�Y § kNS*l!j Y _a`	\
WNÏ	S e�kVl*Wh_�ô�S g&WNg!S c!\¼ga§ \^]!WV[�T�Tdkf`LS*l!g�Y R�S \¦#N���!,/��� �!�L���¸
P=���� 0hI�s�#NI�J	J	J

� é*²�Ýa±�ê ���	��$&�L,/��0 9-�	��=f' # (*$&�L,/��0 9
õ�õ 9-�	>?=�� 0 ���!# D
R�S S TVU W�WV]�l!Ï�l!j `�Tdl!c�Y § kNS*l!j Y _a`	\bWNg�`/maS X
[	c!l*W�Tdca`�]	ef_�S g&Wh_a`	\OTd§ j l!c!g&Wh_���o!WZ#
���!,/��� �!�L���^®P���L��>OFN���ZI	8�#NI�J	J	J�'

� ö�±�äa�ft�t	�Ç�L�	�	�	������,/.Æ����"�.�������#¦¾ 0 �	��� >?� �×1¡���L,/�	����"���� #^(*1¡���L,/� C�>B$�$�$�13����4
����"�"��	�Ì$&>?=�0 ��>?���L,/��,/� �	�Hzh���	������÷f"!# DÎ$&�L,/��0Õzh���a.����	0 �	���ø�L�	C��*4
���	0 #-ù C��	�*,/���OI�#Z���	�	��#ZR�S S TVU W�WV]�l!Ï�l!j `�Tdl!c�Y § kNS*l!j Y _a`	\bWfS*l!_aR�kf`	j `!i	¤!WN§ S ú
WhÙ!nd�LÍ�Í�Í!W�T�]/m WN§ \OTdj § \�l!kNS*Y T�]/mV#d���!,/��� �!�L���¸
P=���� 0hI�s�#NI�J	J	J

� ö�ûN�/¿�t��	�<$&�a.�� ���?��C���������#dzh�	���	�¸®P� "�.�� ,/�	��� #V����C�0 ,/� >?����� ��13��������"�"��	��"!# �?�-ca`	_�Y
`/m�S RNlO �¢-¢-¢O#d¾3�	0 'd7	8?®P��'N8�#d�LC��������	�	7�#N=�=f'f��I�JL¯�4���I	I��

� ü�±�±�t�³	� M C�FL��{P'N�V���	#N��� �a.��	��0V�O'N��>?� ,/.f#h��������� �?13��������"�"�� ����í3
Ô®P�!·ë� �!4"�� �	��zh�	���	�!,�# �? �¢-¢-¢Ô¥�§&_!ca`�#�¾3�	0 'V��8�#d®P��'ds�#d
PC��	C�"*,b���	�	8�#N=�=f'd8�4&�
� ü�ûNÑ�ê t�À��Å�L�	.����VC�>?0 �!�L# �!1¡�	�a�	���×
P��� ,/.�>?�!,/� �¸4?
P���a.�� ,/���!,/C����	0
$&��ýNC��������^�	�

9-�	>?=�� 0 ��,/� �	�f# �� �¢-¢Ô©
`	j j `	Ù!e�§ e�\Æ`	k�¥�e�j S § \�la]	§ [� �kdg!S c!ef_�S § `	k¦£Vl�S g�U
îOl!ga§ i	k�[	kf]�ºZT�Tdj §&_a[LS § `	k¡#h{-� ��>?� ���	.��	>^#N�P��� ,/������� ���	���	>^# Ø ��F���C�4�	�*�ßI	��#O���	�	K�#�R�S S TVU W�WNX3X3XZY R	Tdj Y R	TVY _a`	\bWfS*l!_aR�c!l�T�`	c�S g&WVÍ�paWNþ �
æ¡¬�Í�p	¬
��Ú�Y T�]/mV#d���!,/��� �!�L���¸
P=���� 0hI�s�#NI�J	J	J

� ��¿LÝa¿����	�6����,/�	���	0 ��$&���	' #�(���1-9
K�s	J	J M $*��9<��� �����	=���������"�"��	�¹�P"����!ì "ß���	��4
C��	0 # M �!�N'�J�# DÃ� ����C�>?���L,à��1-9
K�s	J	J	� ��ÿ��O#á���	���a. I	K�#ßI�J	J	J�#
R�S S TVU W�WNX3X3XZY \^`LS*Y _a`	\bWN£d�-£LWN�Z`	XZl!c!� ©VWfS*l!Ë�gaeLT�T�`	c�S WfS*l!Ë�j § ¬
ô!ca[	c!¤!WN\^[	kdeN[	j g&Wf¥�� ©Zp��do�oVÈ¡¥áY T�]/mf#d���!,/��� �!�L���¸
P=���� 0hI�s�#NI�J	J	J

� � ¿��/Ñ¦t��	�ë���!��� �^{P'd®P�	��>?����0 �	#���� �a.��	��0N
b'd9-"��	=�=N����"�@��L�L#�
P0 0 �	�^zh@�������#�z
� >�4��,/.L�à1¡'b�L�	.���"��	�f#¸9-.���� "*,/�	=�.����¦�O' Ø C���>?�	�f#?�L�	>?"�.�� �à���	"*,/�	C�½h#(*�P0 ,/���L��1f
 M 934 $�$&� í���5�=��	����� ����,/.��^{-�	C������	��� ��"���}��á����"*,/��>Å�	���
9-.�� =f# D� �¢-¢-¢ë¥�§&_!ca`�#�¾3�	0 'N��7�#�®P��'dI�#����	���a.dÿ�
P=���� 0V���	�	7�#�=�=f'N��s�4&I�s

� ���bé*â3� z
.��¼��,/�	��} �	�������P$ Ø 9-�	>?=�� 0 ��� A ���	C�=f#3R�S S TVU W�WNgae�§ m�Y g!S&[	k�m!`	ca]�Y la]	e	WZ#���!,/��� �!�L���^
P=���� 0VI�s�#fI�J	J	J
� ��ûN²ft�À�� ��C�� ��� �����	"*��"*,/��>?" $&���	' # (*�P0 ,/���L��1f
 M 934 $�$&��P"����!ì " ���	��C��	0 # D ���	�	K�# 1¡�	�*, ®P��' 7�JL��4 J	JL7	K�4 J��	#

R�S S TVU W�WNX3X3XZY gae�kVY _a`	\bWN\¼§&_!ca`	l!j l!_�S ca`	kd§&_!g&W
Èhj S ca[	£d�fºbª�©-¬
 � �§ WV]�`	_!g&Wfè�o��L¬�o�oLè�p�Y T�]/mh#d���!,/��� �!�L���¸
P=���� 0hI�s�#NI�J	J	J

� ���f���dt�t	�6��.����������	�L,	� z
� �a�L��
¸z
.��	�����	�!#�zh�	> ¶PC�÷¡#?�!z
.���$&�L,/�������!,���,/�����	>�4
� ������$*���<��5�,/����"�� �	��"!# �� �kNS*l!j
�Vl!_aR�kf`	j `!i	¤���`	e�c!kf[	j #áù�Iµ���	�	��#
R�S S TVU W�WV]�l!Ï�l!j `�Tdl!c�Y § kNS*l!j Y _a`	\bWfS*l!_aR�kf`	j `!i	¤!WN§ S ú&WhÙ!nd�LÍ�Í�Í�Y R�S \¦# ���!4
,/��� �!�L���^
P=���� 0VI�s�#fI�J	J	J

� �P�	Ýa±�ä/� 9-.��	��0 ��" M '��3��,/��"!#b� Ø � 5�����4 1¡�	� �L,¸
P��� ,/.�>?�!,/� �	í�
P�×$&�L,/������C��!,/� �	�f# �R�S S TVU W�WNX3X3XZY g/Rd[�]�`	XZY kVl�S W���¤�[LS*l!g&W�T�[�Tdl!c!g�Y R�S \¦#
���!,/��� �!�L���¦
P=���� 0-I�s�#
I�J	J	J

���



add_block.c Page 1 of 1

#include<pyrogen.h>

/* move/add 8x8-Block from block[comp] to backward_reference_frame */
/* copy reconstructed 8x8 block from block[comp] to current_frame[]
 * ISO/IEC 13818-2 section 7.6.8: Adding prediction and coefficient data
 * This stage also embodies some of the operations implied by:
 *   - ISO/IEC 13818-2 section 7.6.7: Combining predictions
 *   - ISO/IEC 13818-2 section 6.1.3: Macroblock
*/

extern UINT8 *Clip;

void __pyrogen_add_block(INT16 *bp, UINT8 *rfp, INT32 iincr, INT32 addflag) {
  int i, j;
 
  if(addflag) {
    for (i=0; i<8; i++) {
      for (j=0; j<8; j++) {
        *rfp = Clip[*bp++ + *rfp];
        rfp++;
      }
      
      rfp+= iincr;
    }
  }
  else {
    for (i=0; i<8; i++) {
      for (j=0; j<8; j++) {
        *rfp++ = Clip[*bp++ + 128];
      }
      rfp+= iincr;
    }
  }
}
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#include <pyrogen.h>

/* Notes:     *Extracted from mpeg2enc
 *            *Code has been modified for readability
 */

/*
 * total absolute difference between two (16*h) blocks
 * including optional half pel interpolation of blk1 (hx,hy)
 * blk1,blk2: addresses of top left pels of both blocks
 * lx:        distance (in bytes) of vertically adjacent pels
 * hx,hy:     flags for horizontal and/or vertical interpolation
 * h:         height of block (usually 8 or 16)
 * distlim:   bail out if sum exceeds this value
 */
INT32 __pyrogen_block_match(UINT8 *block_1, UINT8 *block_2, INT32 lx, INT32 hx, INT32 
hy, INT32 h, INT32 distlim) {
  unsigned char *p1,*p1a,*p2;
  int i,j;
  int s,v;

  s = 0;
  p1 = block_1;
  p2 = block_2;

  if (!hx && !hy)
    for (j=0; j<h; j++)
    {
      if ((v = p1[0]  - p2[0])<0)  v = -v; s+= v;
      if ((v = p1[1]  - p2[1])<0)  v = -v; s+= v;
      if ((v = p1[2]  - p2[2])<0)  v = -v; s+= v;
      if ((v = p1[3]  - p2[3])<0)  v = -v; s+= v;
      if ((v = p1[4]  - p2[4])<0)  v = -v; s+= v;
      if ((v = p1[5]  - p2[5])<0)  v = -v; s+= v;
      if ((v = p1[6]  - p2[6])<0)  v = -v; s+= v;
      if ((v = p1[7]  - p2[7])<0)  v = -v; s+= v;
      if ((v = p1[8]  - p2[8])<0)  v = -v; s+= v;
      if ((v = p1[9]  - p2[9])<0)  v = -v; s+= v;
      if ((v = p1[10] - p2[10])<0) v = -v; s+= v;
      if ((v = p1[11] - p2[11])<0) v = -v; s+= v;
      if ((v = p1[12] - p2[12])<0) v = -v; s+= v;
      if ((v = p1[13] - p2[13])<0) v = -v; s+= v;
      if ((v = p1[14] - p2[14])<0) v = -v; s+= v;
      if ((v = p1[15] - p2[15])<0) v = -v; s+= v;

      if (s >= distlim)
        break;

      p1+= lx;
      p2+= lx;
    }
  else if (hx && !hy)
    for (j=0; j<h; j++)
    {
      for (i=0; i<16; i++)
      {
        v = ((unsigned int)(p1[i]+p1[i+1]+1)>>1) - p2[i];
        if (v>=0)
          s+= v;
        else
          s-= v;
      }
      p1+= lx;
      p2+= lx;

    }
  else if (!hx && hy)
  {
    p1a = p1 + lx;
    for (j=0; j<h; j++)
    {
      for (i=0; i<16; i++)
      {
        v = ((unsigned int)(p1[i]+p1a[i]+1)>>1) - p2[i];
        if (v>=0)
          s+= v;
        else
          s-= v;
      }
      p1 = p1a;
      p1a+= lx;
      p2+= lx;
    }
  }
  else /* if (hx && hy) */
  {
    p1a = p1 + lx;
    for (j=0; j<h; j++)
    {
      for (i=0; i<16; i++)
      {
        v = ((unsigned int)(p1[i]+p1[i+1]+p1a[i]+p1a[i+1]+2)>>2) - p2[i];
        if (v>=0)
          s+= v;
        else
          s-= v;
      }
      p1 = p1a;
      p1a+= lx;
      p2+= lx;
    }
  }

  return s;
}
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#include <pyrogen.h>

/* Vertex buffer clipping flags */
#define CLIP_RIGHT_BIT   0x01
#define CLIP_LEFT_BIT    0x02
#define CLIP_TOP_BIT     0x04
#define CLIP_BOTTOM_BIT  0x08
#define CLIP_NEAR_BIT    0x10
#define CLIP_FAR_BIT     0x20

void __pyrogen_project_and_cliptest_perspective(UINT32 n, FLOAT32 vClip[][4], FLOAT32 
*m, const FLOAT32 vEye[][4], UINT8 clipMask[], UINT8 *orMask, UINT8 *andMask) {
  FLOAT32 m0 = m[0], m5 = m[5], m8 = m[8], m9 = m[9];
  FLOAT32 m10 = m[10], m14 = m[14];
  UINT32 i;
  UINT8 tmpOrMask = *orMask;
  UINT8 tmpAndMask = *andMask;

  for (i=0;i<n;i++) {
    FLOAT32 ex = vEye[i][0], ey = vEye[i][1];
    FLOAT32 ez = vEye[i][2], ew = vEye[i][3];
    volatile FLOAT32 cx = m0 * ex           + m8  * ez           ;
    volatile FLOAT32 cy =           m5 * ey + m9  * ez           ;
    volatile FLOAT32 cz =                     m10 * ez + m14 * ew;
    volatile FLOAT32 cw =                          -ez           ;
    UINT8 mask = 0;
    vClip[i][0] = cx;
    vClip[i][1] = cy;
    vClip[i][2] = cz;
    vClip[i][3] = cw;
    if (cx >  cw)       mask |= CLIP_RIGHT_BIT;
    else if (cx < -cw)  mask |= CLIP_LEFT_BIT;
    if (cy >  cw)       mask |= CLIP_TOP_BIT;
    else if (cy < -cw)  mask |= CLIP_BOTTOM_BIT;
    if (cz >  cw)       mask |= CLIP_FAR_BIT;
    else if (cz < -cw)  mask |= CLIP_NEAR_BIT;
    if (mask) {
      clipMask[i] |= mask;
      tmpOrMask |= mask;
    }
    tmpAndMask &= mask;
  }
  *orMask = tmpOrMask;
  *andMask = tmpAndMask;

}  
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#include <pyrogen.h>

/* Notes: Code extracted and cleaned up from mpeg2enc read_ppm(), */
/*        conv444to422() and conv422to420                         */
/*                                                                */
/* Input: band interleaved RGB format                             */
/* Ouput: band separated YUV format                               */
/*                                                                */

static INT32 matrix_coefficients = 3;

void __pyrogen_rgb_to_yuv(UINT8 *input, UINT8 *y_base, UINT8 *u_base, UINT8 *v_base, I
NT32 width, INT32 height) {
  INT32 i, j;
  FLOAT64 cr, cg, cb, cu, cv;
  UINT8 *yp, *up, *vp, *rowp;
  INT32 r, g, b;
  FLOAT64 y, u, v;

  static FLOAT64 coef[7][3] = {
    {0.2125,0.7154,0.0721}, /* ITU-R Rec. 709 (1990) */
    {0.299, 0.587, 0.114},  /* unspecified */
    {0.299, 0.587, 0.114},  /* reserved */
    {0.30,  0.59,  0.11},   /* FCC */
    {0.299, 0.587, 0.114},  /* ITU-R Rec. 624-4 System B, G */
    {0.299, 0.587, 0.114},  /* SMPTE 170M */
    {0.212, 0.701, 0.087}}; /* SMPTE 240M (1987) */

  yp = y_base;
  up = u_base;
  vp = v_base;

  rowp = input;
  
  i = matrix_coefficients;
  if (i>8)
    i = 3;
  
  cr = coef[i-1][0];
  cg = coef[i-1][1];
  cb = coef[i-1][2];
  cu = 0.5/(1.0-cb);
  cv = 0.5/(1.0-cr);

  for (i=0; i<height; i++) {
    for (j=0; j<width; j++) {
      r = *rowp++;
      g = *rowp++;
      b = *rowp++;
      /* convert to YUV */
      y = cr*r + cg*g + cb*b;
      u = cu*(b-y);
      v = cv*(r-y);
      *yp++ = (219.0/256.0)*y + 16.5;  /* nominal range: 16..235 */
      *up++ = (224.0/256.0)*u + 128.5; /* 16..240 */
      *vp++ = (224.0/256.0)*v + 128.5; /* 16..240 */
    }
  }
}
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#include <pyrogen.h>

/* fdctref.c, forward discrete cosine transform, double precision           */

/* Copyright (C) 1996, MPEG Software Simulation Group. All Rights Reserved. */

/*
 * Disclaimer of Warranty
 *
 * These software programs are available to the user without any license fee or
 * royalty on an "as is" basis.  The MPEG Software Simulation Group disclaims
 * any and all warranties, whether express, implied, or statuary, including any
 * implied warranties or merchantability or of fitness for a particular
 * purpose.  In no event shall the copyright-holder be liable for any
 * incidental, punitive, or consequential damages of any kind whatsoever
 * arising from the use of these programs.
 *
 * This disclaimer of warranty extends to the user of these programs and user’s
 * customers, employees, agents, transferees, successors, and assigns.
 *
 * The MPEG Software Simulation Group does not represent or warrant that the
 * programs furnished hereunder are free of infringement of any third-party
 * patents.
 *
 * Commercial implementations of MPEG-1 and MPEG-2 video, including shareware,
 * are subject to royalty fees to patent holders.  Many of these patents are
 * general enough such that they are unavoidable regardless of implementation
 * design.
 *
 */

/* private data */
extern FLOAT64 c[8][8]; /* transform coefficients */

void __pyrogen_dct(INT16 *block) {
  INT32 i, j, k;
  FLOAT64 s;
  FLOAT64 tmp[64];
  
  for (i=0; i<8; i++) {
    for (j=0; j<8; j++) {
      s = 0.0;

      for (k=0; k<8; k++) {
        s += c[j][k] * block[8*i+k];
      }

      tmp[8*i+j] = s;
    }
  }

  for (j=0; j<8; j++) {
    for (i=0; i<8; i++) {
      s = 0.0;
      
      for (k=0; k<8; k++) {
        s += c[i][k] * tmp[8*k+j];
      }

      block[8*i+j] = (int)floor(s+0.499999);
      /*
       * reason for adding 0.499999 instead of 0.5:
       * s is quite often x.5 (at least for i and/or j = 0 or 4)
       * and setting the rounding threshold exactly to 0.5 leads to an

       * extremely high arithmetic implementation dependency of the result;
       * s being between x.5 and x.500001 (which is now incorrectly rounded
       * downwards instead of upwards) is assumed to occur less often
       * (if at all)
       */
    }
  }
}
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#include <pyrogen.h>

/* Replacement FFT routine for mp3 encoding.
   Wedged in by Mike Cheng  :  http://www.cryogen.com/mikecheng
   Based upon split-radix fft by Malvar
       from book:  "Signal Processing with Lapped Transforms". Malvar, HS.
   
   The reason this fft is so damn fast, is because mp3 encoding only uses
   *real* FFTs.  The previous fft routine included in the iso source is for
   a complex->complex transform.  But if the imaginary part of the signal
   is zero (as it is for encoding sound), then you only have to do a 
   real->complex fft.  This makes this new fft routine about twice the
   speed of the old one.

   There is another real->complex fft that is about another 30% than the
   split-radix (in theory), but it may take me a lot longer to put in.

   later
   mike
*/

#define BLKSIZE 1024
#define MAXLOGM  25
#define TWOPI  6.28318530717958647692
#define SQHALF   0.707106781186547524401

void __pyrogen_pow_phase(FLOAT32 x_real[BLKSIZE],FLOAT32 energy[BLKSIZE], FLOAT32 phi[
BLKSIZE], INT32 N) {
  INT32 i;
  FLOAT32 *ep, *pp, *epn, *ppn;
  FLOAT32 *xp1, *xpn;

  ep = energy;
  pp = phi;
  xp1 = x_real;
  xpn = &x_real[N-1];
  
  *ep++ = *xp1 * *xp1;
  *pp++ = atan2( 0.0, (double)(*xp1++));
  
  if (N==1024) {
    for (i=1;i<512;i++) {
      *ep = *xp1 * *xp1 + *xpn * *xpn;
       if (*ep < 0.0005) {
         *ep++ = 0.0005;
         *pp++ = 0.0;
         xpn--;
         xp1++;
       }
       else {
         ep++;
         *pp++ = atan2( -(double)(*xpn--), (double)(*xp1++) );
       }   
    }
    
    ep = &energy[513];
    pp = &phi[513];
    epn = &energy[511];
    ppn = &phi[511];
    for (i=1;i<512;i++) {
      *ep++ = *epn--;
      *pp++ = - *ppn--;
    }
    

    energy[512] = x_real[512] * x_real[512];
    phi[512] = atan2 (0.0, (double)x_real[512]);
  }
  else {
    for (i=1;i<N/2;i++) {
      *ep = *xp1 * *xp1 + *xpn * *xpn;
      if (*ep < 0.0005) {
        *ep++ = 0.0005;
        *pp++ = 0.0;
        xpn--;
        xp1++;
      }
      else {
        ep++;
        *pp++ = atan2( -(double)(*xpn--), (double)(*xp1++) );
      }  
    }
    
    ep = &energy[N/2+1];
    pp = &phi[N/2+1];
    epn = &energy[N/2-1];
    ppn = &phi[N/2-1];
    for (i=1;i<N/2;i++) {
      *ep++ = *epn--;
      *pp++ = - *ppn--;
    }
    
   energy[N/2] = x_real[N/2] * x_real[N/2];
   phi[N/2] = atan2 (0.0, (double)x_real[N/2]);
   }
}
/**********************************************************
* Data unshuffling according to bit-reversed indexing.
*
* Bit reversal is done using Evans’ algorithm. (Ref: DMW Evans,
* "An Improved Digit-Reversal Permutation Algorithm",
*  IEEE Trans. ASSP, Aug 1987, pp. 1120-25.
*
***********************************************************/

static INT32 brseed[256]; /* Evans’ seed table */
static INT32 brsflg;   /* flag for table building */

void __pyrogen_BR_permute(FLOAT32 *x, INT32 logm) {
  register INT32 lg2, n;
  INT32 i,j,imax;
  INT32 off,fj, gno, *brp;
  FLOAT32 tmp, *xp, *xq;
  
  lg2 = logm >> 1;
  n = 1 << lg2;
  
  if (logm & 1) lg2++;
  
  /* create seed table if not yet built */
  if (brsflg != logm) {
    brsflg = logm;
    brseed[0] = 0;
    brseed[1] = 1;
    for(j=2; j <= lg2; j++){
      imax =  1 << (j - 1);
      for (i=0; i < imax; i++){
        brseed[i] <<= 1;
        brseed[i + imax] = brseed[i] + 1;
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      }
    }
  }
  
  /* unshuffling loop */
  for(off = 1; off < n; off++){
    fj = n*brseed[off]; i = off; j = fj;
    tmp = x[i]; x[i] = x[j]; x[j] = tmp;
    xp = &x[i];
    brp = &brseed[1];
    for(gno = 1; gno < brseed[off]; gno++){
      xp += n;
      j = fj + *brp++;
      xq = x + j ;
      tmp = *xp; *xp = *xq; *xq = tmp;
    }
  }
}

/**************************************************************
*                                                             *
* Recursive part of split radix FFT algorithm
*
***************************************************************/

void __pyrogen_srrec(FLOAT32 *xr, FLOAT32 *xi, INT32 logm) {
  static INT32 m, m2, m4, m8, nel, n;
  static FLOAT32 *xr1, *xr2, *xi1, *xi2;
  static FLOAT32 *cn, *spcn, *smcn, *c3n, *spc3n, *smc3n;
  static FLOAT32 tmp1, tmp2, ang, c, s;
  static FLOAT32 *tab[MAXLOGM];
  
  /* check range of logm */
  
  if ((logm < 0) || (logm > MAXLOGM)){
    fprintf(stderr, "Error: SRFFT logm = %d is out of bounds [%d %d]\n", logm, 0, MAXL
OGM);
    exit(1);
  }
  
  /* compute trivial cases */
  if (logm < 3){
    if (logm == 2){
      xr2 = xr + 2;
      xi2= xi + 2;
      tmp1 = *xr + *xr2;
      *xr2 = *xr - *xr2;
      *xr = tmp1;
      tmp1 = *xi + *xi2;
      *xi2 = *xi - *xi2;
      *xi = tmp1;
      xr1 = xr + 1;
      xi1 = xi + 1;
      xr2++;
      xi2++;
      tmp1 = *xr1 + *xr2;
      *xr2 = *xr1 - *xr2;
      *xr1 = tmp1;
      tmp1 = *xi1 +  *xi2;
      *xi2 = *xi1 - *xi2;
      *xi1 = tmp1;
      xr2 = xr + 1;
      xi2 = xi + 1;
      tmp1 = *xr + *xr2;

      *xr2 = *xr - *xr2;
      *xr = tmp1;
      tmp1 = *xi + *xi2;
      *xi2 = *xi - *xi2;
      *xi = tmp1;
      xr1 = xr +2;
      xi1 = xi+2;
      xr2 = xr+3;
      xi2 = xi + 3;
      tmp1 = *xr1 + *xi2;
      tmp2 = *xi1 + *xr2;
      *xi1 = *xi1 - *xr2;
      *xr2 = *xr1 - *xi2;
      *xr1 = tmp1;
      *xi2 = tmp2;
      return;
    }
    else if (logm == 1){
      xr2 = xr + 1;
      xi2 = xi + 1;
      tmp1 = *xr + *xr2;
      *xr2 = *xr - *xr2;
      *xr = tmp1;
      tmp1 = *xi + *xi2;
      *xi2 = *xi - *xi2;
      *xi = tmp1;
      return;
    }
    else if (logm == 0) return;
  }
  
  /* compute a few constants */
  
  m = 1 << logm; m2 = m / 2; m4 = m2 / 2; m8 = m4 / 2;
  
  
  /* build tables of butterfly coefficients if necessary */
  if ((logm >=4) && (tab[logm-4] == NULL)){
    /* allocate memory for tables */
    nel = m4 - 2;
    if ((tab[logm-4] = (FLOAT32 *) calloc(6 * nel, sizeof(FLOAT32)))
        == NULL){
      exit(1);
    }
    
    /* initialize pointers */
    cn = tab[logm-4]; spcn = cn + nel; smcn = spcn + nel;
    c3n = smcn + nel; spc3n = c3n + nel; smc3n = spc3n + nel;

    /* compute tables */
    for (n = 1; n < m4; n++){
      if (n == m8) continue;
      ang = n * TWOPI / m;
      c = cos(ang); s = sin(ang);
      *cn++ = c; *spcn++ = -(s + c); *smcn++ = s - c;
      ang = 3*n*TWOPI/m;
      c = cos(ang); s = sin(ang);
      *c3n++ = c; *spc3n++ = -(s + c); *smc3n++ = s - c;
    }
  }

  /* step 1 */
  xr1 = xr; xr2 = xr1 + m2;
  xi1 = xi; xi2 = xi1 + m2;
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  for (n =0; n < m2; n++){
    tmp1 = *xr1 + *xr2;
    *xr2 = *xr1 - *xr2;
    *xr1 = tmp1;
    tmp2 = *xi1 + *xi2;
    *xi2 = *xi1 - *xi2;
    *xi1 = tmp2;
    xr1++; xr2++; xi1++; xi2++;
  } 
  
  /* Step 2 */
  xr1 = xr + m2;  xr2 = xr1 + m4;
  xi1 = xi + m2;  xi2 = xi1+ m4;
  for (n = 0; n < m4; n++){
    tmp1 = *xr1 + *xi2;
    tmp2 = *xi1 + *xr2;
    *xi1 = *xi1 - *xr2;
    *xr2 = *xr1 - *xi2;
    *xr1 = tmp1;
    *xi2 = tmp2;
    xr1++; xr2++; xi1++; xi2++;
  }

  /* Steps 3&4 */
  xr1 = xr + m2; xr2 = xr1 + m4;
  xi1 = xi + m2; xi2 = xi1 + m4;
  
  if (logm >= 4) {
    nel = m4 -2;
    cn = tab[logm-4]; spcn = cn + nel; smcn = spcn + nel;
    c3n = smcn + nel; spc3n = c3n + nel; smc3n = spc3n + nel;
  }
  
  xr1++; xr2++; xi1++; xi2++;
  
  for(n=1; n < m4; n++){
    if (n == m8){
      tmp1 = SQHALF*(*xr1 + *xi1);
      *xi1 = SQHALF*(*xi1 - *xr1);
      *xr1 = tmp1;
      tmp2 = SQHALF*(*xi2 - *xr2);
      *xi2 = -SQHALF*(*xr2 + *xi2);
      *xr2 = tmp2;
    }
    else {
      tmp2 = *cn++ *(*xr1 + *xi1);
      tmp1 = *spcn++ * *xr1 + tmp2;
      *xr1 = *smcn++ * *xi1 + tmp2;
      *xi1 = tmp1;
      tmp2 = *c3n++ * (*xr2 + *xi2);
      tmp1 = *spc3n++ * *xr2 + tmp2;
      *xr2 = *smc3n++ * *xi2 + tmp2;
      *xi2 = tmp1;
    }
    xr1++; xr2++; xi1++; xi2++;
  }
 
  /* call ssrec again with half DFT length */
  __pyrogen_srrec(xr, xi, logm -1);
  /* call ssrec again twice with one quarter DFT length.
     Constants have to be recomputed because they are static! */
  
  m = 1 << logm; m2 = m/2;

  __pyrogen_srrec(xr+m2, xi+m2, logm - 2);
  
  m = 1 << logm; m4 = 3*(m/4);
  __pyrogen_srrec(xr+m4, xi+m4, logm - 2);
}

/*****************************************************************
*  Direct transform                                               *
*
*******************************************************************/
        
void __pyrogen_srfft(FLOAT32 *xr, FLOAT32 *xi, INT32 logm) {
  /* call recursive routine */
  __pyrogen_srrec(xr, xi, logm);
  
  /* output array unshuffling using bit-reversed indices */
  if (logm > 1){
    __pyrogen_BR_permute(xr, logm);
    __pyrogen_BR_permute(xi, logm);
  }
}

/* recursive part of rsfft algo. not externally callable */
static void __pyrogen_rsrec(FLOAT32 *x, INT32 logm) {
  static INT32 m,m2,m4,m8,nel, n;
  static FLOAT32 *xr1, *xr2, *xi1;
  static FLOAT32 *cn, *spcn, *smcn;
  static FLOAT32 tmp1, tmp2, ang, c, s;
  static FLOAT32 *tab[MAXLOGM];

  /* check range of logm */
  if ((logm <0)|| (logm>MAXLOGM)) {
    fprintf(stderr,"log out of range: %i\n",logm);
    exit(-1);
  }

  /* compute trivial cases */
  if (logm <2) {
    if (logm ==1) { /* length m = 2*/
      xr2 = x + 1;
      tmp1 = *x + *xr2;
      *xr2 = *x - *xr2;
      *x = tmp1;
      return;
    }
    else if (logm==0) return; /* length m =1 */
  }

  /* compute a few constants */
  m=1<<logm; m2=m/2;m4=m2/2;m8=m4/2;

  /* build tables of butterfly coefficients if necessary */
  if ((logm >= 4) && (tab[logm-4]==NULL)) {
    /* allocate memory for tables */
    nel=m4-2;
    if ((tab[logm-4] = (FLOAT32 *) calloc(3 * nel, sizeof(FLOAT32))) == NULL ) {
      fprintf(stderr,"cosine table memory error\n");
      exit(-1);
    }
    /* initialize pointers */
    cn = tab[logm-4]; spcn = cn+nel; smcn =spcn + nel;

    /* compute tables */
    for (n = 1; n<m4;n++) {
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      if (n==m8) continue;
      ang = n * TWOPI/m;
      c=cos(ang); s=sin(ang);
      *cn++ = c; *spcn++ = -(s+c); *smcn++ = s-c;
    }
  }

  /* step 1 */
  xr1 = x; xr2 = xr1+m2;
  for (n=0; n< m2; n++) {
    tmp1 = *xr1 + *xr2;
    *xr2 = *xr1- *xr2;
    *xr1 = tmp1;
    xr1++; xr2++;
  }

  /* step 2 */
  xr1 = x  + m2 + m4;
  for (n=0;n<m4;n++) {
    *xr1 = - *xr1;
    xr1++;
  }

  /* steps 3 and 4 */
  xr1 = x + m2; xi1 = xr1 + m4;
  if (logm >= 4) {
    nel = m4-2;
    cn = tab[logm-4]; spcn = cn + nel; smcn = spcn + nel;
  }
  xr1++; xi1++;
  for (n = 1 ; n<m4; n++) {
    if (n == m8) {
      tmp1 = SQHALF * ( *xr1 + *xi1);
      *xi1 = SQHALF * ( *xi1 - *xr1);
      *xr1 = tmp1;
    } else {
      tmp2 = *cn++ * (*xr1 + *xi1);
      tmp1 = *spcn++ * *xr1 + tmp2;
      *xr1 = *smcn++ * *xi1 + tmp2;
      *xi1 = tmp1;
    }
    xr1++; xi1++;
  }

  /* call rsrec again with half DFT length */
  __pyrogen_rsrec(x, logm-1);
  
  /* call complex DFT routine with quarter DFT length */
  m =1 <<logm; m2 =m/2; m4 = 3 * (m/4);
  __pyrogen_srrec(x+m2, x+m4,logm-2);

  /* step 5. sign change and data reorder */
  m = 1 <<logm; m2 = m/2; m4=m2/2; m8=m4/2;
  xr1 = x + m2 + m4;
  xr2 = x + m -1;
  for (n=0;n<m8;n++) {
    tmp1 = *xr1;
    *xr1++ = - *xr2;
    *xr2-- = - tmp1;
  }
  xr1 = x + m2 + 1;
  xr2 = x + m - 2;
  for (n=0; n<m8;n++) {
    tmp1 = *xr1;

    *xr1++ = - *xr2;
    *xr2-- = tmp1;
    xr1++;
    xr2--;
  }
  if (logm == 2) x[3]=-x[3];
}

/* direct transform for real inputs */
void __pyrogen_fft(FLOAT32 *arr_r, FLOAT32 *arr_i, INT32 logm) {
  /* call recursive routine */
  __pyrogen_rsrec(arr_r, logm);

  /* output array unshuffling using bit reversed indices */
  if (logm >1 ) {
    __pyrogen_BR_permute (arr_r,logm);
  }
}
/*********************************************/
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#include <pyrogen.h>

/* idct.c, inverse fast discrete cosine transform                           */

/* Copyright (C) 1996, MPEG Software Simulation Group. All Rights Reserved. */

/*
 * Disclaimer of Warranty
 *
 * These software programs are available to the user without any license fee or
 * royalty on an "as is" basis.  The MPEG Software Simulation Group disclaims
 * any and all warranties, whether express, implied, or statuary, including any
 * implied warranties or merchantability or of fitness for a particular
 * purpose.  In no event shall the copyright-holder be liable for any
 * incidental, punitive, or consequential damages of any kind whatsoever
 * arising from the use of these programs.
 *
 * This disclaimer of warranty extends to the user of these programs and user’s
 * customers, employees, agents, transferees, successors, and assigns.
 *
 * The MPEG Software Simulation Group does not represent or warrant that the
 * programs furnished hereunder are free of infringement of any third-party
 * patents.
 *
 * Commercial implementations of MPEG-1 and MPEG-2 video, including shareware,
 * are subject to royalty fees to patent holders.  Many of these patents are
 * general enough such that they are unavoidable regardless of implementation
 * design.
 *
 */

/**********************************************************/
/* inverse two dimensional DCT, Chen-Wang algorithm       */
/* (cf. IEEE ASSP-32, pp. 803-816, Aug. 1984)             */
/* 32-bit integer arithmetic (8 bit coefficients)         */
/* 11 mults, 29 adds per DCT                              */
/*                                      sE, 18.8.91       */
/**********************************************************/
/* coefficients extended to 12 bit for IEEE1180-1990      */
/* compliance                           sE,  2.1.94       */
/**********************************************************/

/* this code assumes >> to be a two’s-complement arithmetic */
/* right shift: (-2)>>1 == -1 , (-3)>>1 == -2               */

#define W1 2841 /* 2048*sqrt(2)*cos(1*pi/16) */
#define W2 2676 /* 2048*sqrt(2)*cos(2*pi/16) */
#define W3 2408 /* 2048*sqrt(2)*cos(3*pi/16) */
#define W5 1609 /* 2048*sqrt(2)*cos(5*pi/16) */
#define W6 1108 /* 2048*sqrt(2)*cos(6*pi/16) */
#define W7 565  /* 2048*sqrt(2)*cos(7*pi/16) */

/* private data */
extern INT16 iclip[1024]; /* clipping table */
extern INT16 *iclp;

/* row (horizontal) IDCT
 *
 *           7                       pi         1
 * dst[k] = sum c[l] * src[l] * cos( -- * ( k + - ) * l )
 *          l=0                      8          2
 *
 * where: c[0]    = 128

 *        c[1..7] = 128*sqrt(2)
 */

static void __pyrogen_idctrow(INT16 *blk) {
  INT32 x0, x1, x2, x3, x4, x5, x6, x7, x8;

  /* shortcut */
  if (!((x1 = blk[4]<<11) | (x2 = blk[6]) | (x3 = blk[2]) |
        (x4 = blk[1]) | (x5 = blk[7]) | (x6 = blk[5]) | (x7 = blk[3])))
  {
    blk[0]=blk[1]=blk[2]=blk[3]=blk[4]=blk[5]=blk[6]=blk[7]=blk[0]<<3;
    return;
  }

  x0 = (blk[0]<<11) + 128; /* for proper rounding in the fourth stage */

  /* first stage */
  x8 = W7*(x4+x5);
  x4 = x8 + (W1-W7)*x4;
  x5 = x8 - (W1+W7)*x5;
  x8 = W3*(x6+x7);
  x6 = x8 - (W3-W5)*x6;
  x7 = x8 - (W3+W5)*x7;
  
  /* second stage */
  x8 = x0 + x1;
  x0 -= x1;
  x1 = W6*(x3+x2);
  x2 = x1 - (W2+W6)*x2;
  x3 = x1 + (W2-W6)*x3;
  x1 = x4 + x6;
  x4 -= x6;
  x6 = x5 + x7;
  x5 -= x7;
  
  /* third stage */
  x7 = x8 + x3;
  x8 -= x3;
  x3 = x0 + x2;
  x0 -= x2;
  x2 = (181*(x4+x5)+128)>>8;
  x4 = (181*(x4-x5)+128)>>8;
  
  /* fourth stage */
  blk[0] = (x7+x1)>>8;
  blk[1] = (x3+x2)>>8;
  blk[2] = (x0+x4)>>8;
  blk[3] = (x8+x6)>>8;
  blk[4] = (x8-x6)>>8;
  blk[5] = (x0-x4)>>8;
  blk[6] = (x3-x2)>>8;
  blk[7] = (x7-x1)>>8;
}

/* column (vertical) IDCT
 *
 *             7                         pi         1
 * dst[8*k] = sum c[l] * src[8*l] * cos( -- * ( k + - ) * l )
 *            l=0                        8          2
 *
 * where: c[0]    = 1/1024
 *        c[1..7] = (1/1024)*sqrt(2)
 */
static void __pyrogen_idctcol(short *blk) {
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  INT32 x0, x1, x2, x3, x4, x5, x6, x7, x8;

  /* shortcut */

  if (!((x1 = (blk[8*4]<<8)) | (x2 = blk[8*6]) | (x3 = blk[8*2]) |
        (x4 = blk[8*1]) | (x5 = blk[8*7]) | (x6 = blk[8*5]) | (x7 = blk[8*3]))) { 
    blk[8*0]=blk[8*1]=blk[8*2]=blk[8*3]=blk[8*4]=blk[8*5]=blk[8*6]=blk[8*7]=
      iclp[(blk[8*0]+32)>>6];
    return;
  }

  x0 = (blk[8*0]<<8) + 8192;

  /* first stage */
  x8 = W7*(x4+x5) + 4;
  x4 = (x8+(W1-W7)*x4)>>3;
  x5 = (x8-(W1+W7)*x5)>>3;
  x8 = W3*(x6+x7) + 4;
  x6 = (x8-(W3-W5)*x6)>>3;
  x7 = (x8-(W3+W5)*x7)>>3;
  
  /* second stage */
  x8 = x0 + x1;
  x0 -= x1;
  x1 = W6*(x3+x2) + 4;
  x2 = (x1-(W2+W6)*x2)>>3;
  x3 = (x1+(W2-W6)*x3)>>3;
  x1 = x4 + x6;
  x4 -= x6;
  x6 = x5 + x7;
  x5 -= x7;
  
  /* third stage */
  x7 = x8 + x3;
  x8 -= x3;
  x3 = x0 + x2;
  x0 -= x2;
  x2 = (181*(x4+x5)+128)>>8;
  x4 = (181*(x4-x5)+128)>>8;
  
  /* fourth stage */
  blk[8*0] = iclp[(x7+x1)>>14];
  blk[8*1] = iclp[(x3+x2)>>14];
  blk[8*2] = iclp[(x0+x4)>>14];
  blk[8*3] = iclp[(x8+x6)>>14];
  blk[8*4] = iclp[(x8-x6)>>14];
  blk[8*5] = iclp[(x0-x4)>>14];
  blk[8*6] = iclp[(x3-x2)>>14];
  blk[8*7] = iclp[(x7-x1)>>14];
}

/* two dimensional inverse discrete cosine transform */
void __pyrogen_idct(INT16 *idctBlock) {
  INT32 i;

  for (i=0; i<8; i++)
    __pyrogen_idctrow(idctBlock+8*i);

  for (i=0; i<8; i++)
    __pyrogen_idctcol(idctBlock+i);
}
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#include <pyrogen.h>

/*************************************************************************/
/* lame - ix_max                                                         */
/*************************************************************************/
INT32 __pyrogen_max_val(INT32 arr[], INT32 begin, INT32 end) {
  int i, max = 0;
  
  for ( i = begin; i < end; i++ ) {
    int x = abs( arr[i] );
    if ( x > max )
      max = x;
  }
  return max;
}



mix.c Page 1 of 1

#include <pyrogen.h>

/* From Timidity++, mix.c*/
/* Timidity spends over 48% time mixing signals */
/* count and cc cover a wide range of values */

void __pyrogen_mix_stereo(INT16 **sp_p, INT32 **lp_p, INT32 count, INT32 channel_1, IN
T32 channel_2) {
  INT16 s;
  INT16 *sp = *(sp_p);
  INT32 *lp = *(lp_p);

  while (count--) {
    s = *sp++;
    *lp++ += s*channel_1;
    *lp++ += s*channel_2;
  }

  *(sp_p) = sp;
  *(lp_p) = lp;
}
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#include <pyrogen.h>

int __pyrogen_nint( double in ) {
  int    temp;
  
  if( in < 0 )  temp = (int)(in - 0.5);
  else    temp = (int)(in + 0.5);
  
  return(temp);
}

void __pyrogen_quantize(INT32 l_end, FLOAT64 xr[], INT32 ix[], FLOAT64 *istep_p) {
  INT32 i;
  FLOAT32 istep = *istep_p;
  FLOAT32 temp;
  static INT32 init=0;
#define LUTABSIZE 10000
  static INT32 lutab[LUTABSIZE];
  
  if (init==0) {
    init++;
    for (i=0;i<LUTABSIZE;i++) 
      lutab[i]=__pyrogen_nint(pow((FLOAT64)i/10.0,0.75)-0.0946);
    for (i=1;i<LUTABSIZE;i++) 
      if ((lutab[i]-lutab[i-1])==1) {  /* we have a change over this interval */
        lutab[i]=-1;
        lutab[i-1]=-1;
        i++;
      }
  }
  
  for (i=0;i<l_end;i++) {
    temp=istep*fabs(xr[i]); /* step always positive -> temp always postive */

    if (temp<0.499996)
      ix[i]=0;
    else if (temp<1.862955)
      ix[i]=1;
    else if (temp<3.565282)
      ix[i]=2;
    else if (temp<5.506396)
      ix[i]=3;
    else if (temp<7.638304)
      ix[i]=4;
    else if (temp<9.931741)
      ix[i]=5;
    else if (temp<1000.0) {
      ix[i]=lutab[(int)(temp*10.0)];
      if (ix[i]==-1) /* too close to an interface, calculate exact value */
        ix[i] = (int)( sqrt(sqrt(temp)*temp) + 0.4054);
    }
    else {
      ix[i] = (int)( sqrt(sqrt(temp)*temp) + 0.4054); 
    }
  }
  
  /* zero remaining elements */
  for (;i<576;i++) 
    ix[i] = 0;
} 



short_term_anal.c Page 1 of 1

#include <pyrogen.h>

#define MIN_WORD        ((-32767)-1)
#define MAX_WORD        ( 32767)

#define MIN_LONGWORD    ((-2147483647)-1)
#define MAX_LONGWORD    ( 2147483647)

#ifdef  SASR            /* >> is a signed arithmetic shift right */
#undef  SASR
#endif
#define SASR(x, by)     ((x) >> (by))

/* 
 * #define GSM_MULT_R(a, b) (* INT16 a, INT16 b, !(a == b == MIN_WORD) *)       \
 *      (0x0FFFF & SASR(((INT32)(a) * (INT32)(b) + 16384), 15))
 */
#define GSM_MULT_R(a, b) /* INT16 a, INT16 b, !(a == b == MIN_WORD) */  \
        (SASR( ((INT32)(a) * (INT32)(b) + 16384), 15 ))

# define GSM_MULT(a,b)   /* INT16 a, INT16 b, !(a == b == MIN_WORD) */  \
        (SASR( ((INT32)(a) * (INT32)(b)), 15 ))

# define GSM_L_MULT(a, b) /* INT16 a, INT16 b */        \
        (((INT32)(a) * (INT32)(b)) << 1)

# define GSM_L_ADD(a, b)        \
        ( (a) <  0 ? ( (b) >= 0 ? (a) + (b)     \
                 : (utmp = (UINT32)-((a) + 1) + (UINT32)-((b) + 1)) \
                   >= MAX_LONGWORD ? MIN_LONGWORD : -(INT32)utmp-2 )   \
        : ((b) <= 0 ? (a) + (b)   \
                  : (utmp = (UINT32)(a) + (UINT32)(b)) >= MAX_LONGWORD \
                    ? MAX_LONGWORD : utmp))

/*
 * # define GSM_ADD(a, b)       \
 *      ((ltmp = (INT32)(a) + (INT32)(b)) >= MAX_WORD \
 *      ? MAX_WORD : ltmp <= MIN_WORD ? MIN_WORD : ltmp)
 */
/* Nonportable, but faster: */

#define GSM_ADD(a, b)   \
        ((UINT32)((ltmp = (INT32)(a) + (INT32)(b)) - MIN_WORD) > \
                MAX_WORD - MIN_WORD ? (ltmp > 0 ? MAX_WORD : MIN_WORD) : ltmp)

# define GSM_SUB(a, b)  \
        ((ltmp = (INT32)(a) - (INT32)(b)) >= MAX_WORD \
        ? MAX_WORD : ltmp <= MIN_WORD ? MIN_WORD : ltmp)

# define GSM_ABS(a)     ((a) < 0 ? ((a) == MIN_WORD ? MAX_WORD : -(a)) : (a))

/*
 *  This procedure computes the short term residual signal d[..] to be fed
 *  to the RPE-LTP loop from the s[..] signal and from the local rp[..]
 *  array (quantized reflection coefficients).  As the call of this
 *  procedure can be done in many ways (see the interpolation of the LAR
 *  coefficient), it is assumed that the computation begins with index
 *  k_start (for arrays d[..] and s[..]) and stops with index k_end
 *  (k_start and k_end are defined in 4.2.9.1).  This procedure also
 *  needs to keep the array u[0..7] in memory for each call.
 */
void __pyrogen_short_term_analysis_filtering(register INT16 *u, register INT16 *rp, re
gister INT32 k_n, register INT16 *s) {

  register int          i;
  register INT16        di, zzz, ui, sav, rpi;
  register INT32        ltmp;
  
  for (; k_n--; s++) {    
    di = sav = *s;
    for (i = 0; i < 8; i++) {           /* YYY */
      
      ui    = u[i];
      rpi   = rp[i];
      u[i]  = sav;
      
      zzz   = GSM_MULT_R(rpi, di);
      sav   = GSM_ADD(   ui,  zzz);
      
      zzz   = GSM_MULT_R(rpi, ui);
      di    = GSM_ADD(   di,  zzz );
    }
  
    *s = di;
  }
}
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#include <pyrogen.h>

#define MIN_INT16       -32768
#define MAX_INT16       +32767
#define ROUND           +16384

#define clip16(x) ((x)<MIN_INT16) ? MIN_INT16 : ((x)>MAX_INT16) ? MAX_INT16 : (x)

/* k has two modes - 13/14 and 120/130 with the sample data file */
void __pyrogen_short_term_synthesis_filtering(INT16 *v, INT16 *rrp, INT32 k, INT16 *wt
, INT16 *sr) {
  INT32 i;
  INT16 sri, tmp1, tmp2;

  while(k--) {
    sri = *wt++;
    i=8;
    while(i--) {
      tmp1 = (rrp[i]*v[i] + ROUND)>>15;
      sri = clip16(sri - tmp1);
      tmp2 = (rrp[i]*sri + ROUND)>>15;
      v[i+1] = clip16(v[i] + tmp2);
    }
    v[0] = sri;
    *sr++ = sri;
  }
}

/* 4.2.10 */
/*
 *  This procedure computes the short term residual signal d[..] to be fed
 *  to the RPE-LTP loop from the s[..] signal and from the local rp[..]
 *  array (quantized reflection coefficients).  As the call of this
 *  procedure can be done in many ways (see the interpolation of the LAR
 *  coefficient), it is assumed that the computation begins with index
 *  k_start (for arrays d[..] and s[..]) and stops with index k_end
 *  (k_start and k_end are defined in 4.2.9.1).  This procedure also
 *  needs to keep the array u[0..7] in memory for each call.
 */
/* k_n has two modes - 13/14 and 120/130 with the sample data file */
void __pyrogen_short_term_analysis_filtering(INT16 *u, INT16 *rp, INT32 k_n, INT16 *s)
 {
  INT32 i;
  INT16 tmp1, tmp2;
  INT16 sav[9];
  INT16 d[9];

  while(k_n--) {
    sav[0] = *s;
    d[0] = *s;
    
    for(i=0; i<8; i++) {
      tmp1 = (rp[i]*d[i] + ROUND)>>15;
      sav[i+1] = clip16(u[i] + tmp1); /* sav[8] not used */

      tmp2 = (rp[i]*u[i] + ROUND)>>15;
      d[i+1] = clip16(d[i] + tmp2);  /* d[8] is the next value of s */
    }

    for(i=0; i<8; i++) {
      u[i] = sav[i];
    }
    
    *s++ = d[8];

  }
}
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#include <pyrogen.h>

#define MIN_WORD        ((-32767)-1)
#define MAX_WORD        ( 32767)

#define MIN_LONGWORD    ((-2147483647)-1)
#define MAX_LONGWORD    ( 2147483647)

#ifdef  SASR            /* >> is a signed arithmetic shift right */
#undef  SASR
#endif
#define SASR(x, by)     ((x) >> (by))

/* 
 * #define GSM_MULT_R(a, b) (* INT16 a, INT16 b, !(a == b == MIN_WORD) *)       \
 *      (0x0FFFF & SASR(((INT32)(a) * (INT32)(b) + 16384), 15))
 */
#define GSM_MULT_R(a, b) /* INT16 a, INT16 b, !(a == b == MIN_WORD) */  \
        (SASR( ((INT32)(a) * (INT32)(b) + 16384), 15 ))

# define GSM_MULT(a,b)   /* INT16 a, INT16 b, !(a == b == MIN_WORD) */  \
        (SASR( ((INT32)(a) * (INT32)(b)), 15 ))

# define GSM_L_MULT(a, b) /* INT16 a, INT16 b */        \
        (((INT32)(a) * (INT32)(b)) << 1)

# define GSM_L_ADD(a, b)        \
        ( (a) <  0 ? ( (b) >= 0 ? (a) + (b)     \
                 : (utmp = (UINT32)-((a) + 1) + (UINT32)-((b) + 1)) \
                   >= MAX_LONGWORD ? MIN_LONGWORD : -(INT32)utmp-2 )   \
        : ((b) <= 0 ? (a) + (b)   \
                  : (utmp = (UINT32)(a) + (UINT32)(b)) >= MAX_LONGWORD \
                    ? MAX_LONGWORD : utmp))

/*
 * # define GSM_ADD(a, b)       \
 *      ((ltmp = (INT32)(a) + (INT32)(b)) >= MAX_WORD \
 *      ? MAX_WORD : ltmp <= MIN_WORD ? MIN_WORD : ltmp)
 */
/* Nonportable, but faster: */

#define GSM_ADD(a, b)   \
        ((UINT32)((ltmp = (INT32)(a) + (INT32)(b)) - MIN_WORD) > \
                MAX_WORD - MIN_WORD ? (ltmp > 0 ? MAX_WORD : MIN_WORD) : ltmp)

# define GSM_SUB(a, b)  \
        ((ltmp = (INT32)(a) - (INT32)(b)) >= MAX_WORD \
        ? MAX_WORD : ltmp <= MIN_WORD ? MIN_WORD : ltmp)

# define GSM_ABS(a)     ((a) < 0 ? ((a) == MIN_WORD ? MAX_WORD : -(a)) : (a))

/* k has two modes - 13/14 and 120/130 with the sample data file */
void __pyrogen_short_term_synthesis_filtering(register INT16 *v, register INT16 *rrp, 
register INT32 k, register INT16 *wt, register INT16 *sr) {
  register int i;
  register INT16        sri, tmp1, tmp2;
  register INT32 ltmp;  /* for GSM_ADD  & GSM_SUB */
  
  while (k--) {
    sri = *wt++;
    for (i = 8; i--;) {
      
      /* sri = GSM_SUB( sri, gsm_mult_r( rrp[i], v[i] ) );

       */
      tmp1 = rrp[i];
      tmp2 = v[i];
      tmp2 =  ( tmp1 == MIN_WORD && tmp2 == MIN_WORD
                ? MAX_WORD
                : 0x0FFFF & (( (INT32)tmp1 * (INT32)tmp2
                               + 16384) >> 15)) ;
      
      sri  = GSM_SUB( sri, tmp2 );
      
      /* v[i+1] = GSM_ADD( v[i], gsm_mult_r( rrp[i], sri ) );
       */
      tmp1  = ( tmp1 == MIN_WORD && sri == MIN_WORD
                ? MAX_WORD
                : 0x0FFFF & (( (INT32)tmp1 * (INT32)sri
                               + 16384) >> 15)) ;
      
      v[i+1] = GSM_ADD( v[i], tmp1);
    }
    *sr++ = v[0] = sri;
  }
}



sub_sample_horiz.c Page 1 of 1

#include <pyrogen.h>

extern UINT8 *Clip;

/* horizontal filter and 2:1 subsampling */
void __pyrogen_conv444to422_mpeg2(UINT8 *src, UINT8 *dst, INT32 width, INT32 height) {
  int i, j, im5, im3, im1, ip1, ip3, ip5;

  for (j=0; j<height; j++) {
    for (i=0; i<width; i+=2) {
      im5 = (i<5) ? 0 : i-5;
      im3 = (i<3) ? 0 : i-3;
      im1 = (i<1) ? 0 : i-1;
      ip1 = (i<width-1) ? i+1 : width-1;
      ip3 = (i<width-3) ? i+3 : width-1;
      ip5 = (i<width-5) ? i+5 : width-1;
      
      /* FIR filter coefficients (*512): 22 0 -52 0 159 256 159 0 -52 0 22 */
      dst[i>>1] = Clip[(int)(22*(src[im5]   + src[ip5])
                            -52*(src[im3]  + src[ip3])
                            +159*(src[im1] + src[ip1])
                            +256*src[i]    + 256)>>9];
    }
    src+= width;
    dst+= width>>1;
  }
}
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#include <pyrogen.h>

extern UINT8 *Clip;

/* vertical filter and 2:1 subsampling */
void __pyrogen_conv422to420_frame(UINT8 *src, UINT8 *dst, INT32 width, INT32 height) {
  int w, i, j, jm5, jm4, jm3, jm2, jm1;
  int jp1, jp2, jp3, jp4, jp5, jp6;
  
  w = width>>1;
  
  /* intra frame */
  for (i=0; i<w; i++) {
    for (j=0; j<height; j+=2) {
      jm5 = (j<5) ? 0 : j-5;
      jm4 = (j<4) ? 0 : j-4;
      jm3 = (j<3) ? 0 : j-3;
      jm2 = (j<2) ? 0 : j-2;
      jm1 = (j<1) ? 0 : j-1;
      jp1 = (j<height-1) ? j+1 : height-1;
      jp2 = (j<height-2) ? j+2 : height-1;
      jp3 = (j<height-3) ? j+3 : height-1;
      jp4 = (j<height-4) ? j+4 : height-1;
      jp5 = (j<height-5) ? j+5 : height-1;
      jp6 = (j<height-6) ? j+6 : height-1;
      
      /* FIR filter with 0.5 sample interval phase shift */
      dst[w*(j>>1)] = Clip[(int)(228*(src[w*j] + src[w*jp1])
                                +70*(src[w*jm1] + src[w*jp2])
                                -37*(src[w*jm2] + src[w*jp3])
                                -21*(src[w*jm3] + src[w*jp4])
                                +11*(src[w*jm4] + src[w*jp5])
                                + 5*(src[w*jm5] + src[w*jp6])+256)>>9];
    }
    src++;
    dst++;
  }
}
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#include <pyrogen.h>

/* mpg123 synthesis filtering kernel               */

INT32 __pyrogen_synthfilt(FLOAT32 *window, FLOAT32 *b0, INT16 *samples, INT32 bo1) { 
  INT32 j;
  INT32 clip = 0;
  const INT32 step = 2;
  FLOAT32 sum;
  
  for (j=16; j>0; j--) {
    sum  = *window++ * *b0++;
    sum -= *window++ * *b0++;
    sum += *window++ * *b0++;
    sum -= *window++ * *b0++;
    sum += *window++ * *b0++;
    sum -= *window++ * *b0++;
    sum += *window++ * *b0++;
    sum -= *window++ * *b0++;
    sum += *window++ * *b0++;
    sum -= *window++ * *b0++;
    sum += *window++ * *b0++;
    sum -= *window++ * *b0++;
    sum += *window++ * *b0++;
    sum -= *window++ * *b0++;
    sum += *window++ * *b0++;
    sum -= *window++ * *b0++;
    
    /* clip output sample to 16-bit signed integer */
    if(sum > 32767.0) {
      *samples = 32767;
      /* clip++; */
    }
    else if(sum < -32768.0) {
      *samples = -32768;
      /* clip++; */
    }
    else {
      *samples = sum;
    }    

    window += 0x10;
    samples += step;
  }
  
  sum  = window[0x0] * b0[0x0];
  sum += window[0x2] * b0[0x2];
  sum += window[0x4] * b0[0x4];
  sum += window[0x6] * b0[0x6];
  sum += window[0x8] * b0[0x8];
  sum += window[0xA] * b0[0xA];
  sum += window[0xC] * b0[0xC];
  sum += window[0xE] * b0[0xE];

  /* clip output sample to 16-bit signed integer */
  if(sum > 32767.0) {
    *samples = 32767;
    /* clip++; */
  }
  else if(sum < -32768.0) {
      *samples = -32768;
      /*  clip++; */
  }
  else {

    *samples = sum;
  }    
  
  b0 -= 0x10;
  window -= 0x20;
  samples += step;
  window += bo1<<1;
  
  for (j=15; j>0; j--) {
    sum = -*(--window) * *b0++;
    sum -= *(--window) * *b0++;
    sum -= *(--window) * *b0++;
    sum -= *(--window) * *b0++;
    sum -= *(--window) * *b0++;
    sum -= *(--window) * *b0++;
    sum -= *(--window) * *b0++;
    sum -= *(--window) * *b0++;
    sum -= *(--window) * *b0++;
    sum -= *(--window) * *b0++;
    sum -= *(--window) * *b0++;
    sum -= *(--window) * *b0++;
    sum -= *(--window) * *b0++;
    sum -= *(--window) * *b0++;
    sum -= *(--window) * *b0++;
    sum -= *(--window) * *b0++;
    
    /* clip output sample to 16-bit signed integer */
    if(sum > 32767.0) {
      *samples = 32767;
      /* clip++; */
    }
    else if(sum < -32768.0) {
      *samples = -32768;
      /* clip++; */
    }
    else {
      *samples = sum;
    }    

    b0 -= 0x20;
    window -=0x10;
    samples += step;
  }

  return clip;
}
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#include <pyrogen.h>
#include <stdio.h>
/*
 * Apply a transformation matrix to an array of normal vectors:
 *   for i in 0 to n-1 do  v[i] = u[i] * m
 * where u[i] and v[i] are 3-element row vectors and m is a 16-element
 * transformation matrix.
 * The normals will be scaled to length 1.
 */

void __pyrogen_xform_normals_3fv_transform_normalize(INT32 n, FLOAT32 v[][3], const FL
OAT32 m[16], FLOAT32 u[][3]) {
  INT32 i;

  /* Transform and normalize */
  FLOAT32 m0 = m[0], m4 = m[4], m8 = m[8];
  FLOAT32 m1 = m[1], m5 = m[5], m9 = m[9];
  FLOAT32 m2 = m[2], m6 = m[6], m10 = m[10];
  
  for (i=0;i<n;i++) {
    FLOAT64 tx, ty, tz;
    {
      FLOAT32 ux = u[i][0],  uy = u[i][1],  uz = u[i][2];
      tx = ux * m0 + uy * m1 + uz * m2;
      ty = ux * m4 + uy * m5 + uz * m6;
      tz = ux * m8 + uy * m9 + uz * m10;
    }
    {
      FLOAT64 len, scale;
      len = sqrt( tx*tx + ty*ty + tz*tz );
      scale = (len>1E-30) ? (1.0 / len) : 1.0;
      v[i][0] = tx * scale;
      v[i][1] = ty * scale;
      v[i][2] = tz * scale;
    }
  }
}


