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car-side-101: 252 faces-easy-101: 253airplanes-101: 251 motorbikes-101: 145leopards-101: 129 self-propelled-lawn-mower: 182tower-pisa: 225 trilobite-101: 230watch-101: 240 desk-globe: 053ketch-101: 123 hibiscus: 103sunflower-101: 204 brain-101: 020zebra: 250 mars: 137saturn: 177 galaxy: 082bonsai-101: 015 guitar-pick: 094sheet-music: 184 menorah-101: 140revolver-101: 172 fireworks: 073teepee: 214 fire-truck: 072license-plate: 130 rainbow: 170homer-simpson: 104 grand-piano-101: 091photocopier: 161 tennis-court: 217cartman: 032 lightning: 133buddha-101: 022 hawksbill-101: 100ewer-101: 066 chandelier-101: 036golden-gate-bridge: 086 vcr: 237harp: 098 hourglass: 110backpack: 003 french-horn: 077touring-bike: 224 yarmulke: 248coffee-mug: 041 grapes: 092tombstone: 222 comet: 044video-projector: 238 hamburger: 095laptop-101: 127 washing-machine: 239waterfall: 241 boom-box: 016breadmaker: 021 telephone-box: 215eyeglasses: 067 cereal-box: 035diamond-ring: 054 stained-glass: 200binoculars: 012 computer-monitor: 046pci-card: 157 treadmill: 227tennis-shoes: 255 helicopter-101: 102chess-board: 037 palm-tree: 154hot-tub: 109 microwave: 142paper-shredder: 156 school-bus: 178rotary-phone: 174 human-skeleton: 112lightbulb: 131 umbrella-101: 235eiffel-tower: 062 frying-pan: 081mountain-bike: 146 elephant-101: 064porcupine: 164 top-hat: 223cd: 033 skyscraper: 187beer-mug: 010 harpsichord: 099tomato: 221 tripod: 231t-shirt: 232 american-flag: 002baseball-glove: 005 starfish-101: 201theodolite: 219 head-phones: 101roulette-wheel: 175 frisbee: 079hot-air-balloon: 107 covered-wagon: 050saddle: 176 megaphone: 139football-helmet: 076 tweezer: 234pez-dispenser: 160 spaghetti: 196teapot: 212 killer-whale: 124picnic-table: 162 sextant: 183steering-wheel: 202 coin: 043swiss-army-knife: 208 elk: 065wine-bottle: 246 skunk: 186house-fly: 111 teddy-bear: 213kangaroo-101: 121 pyramid: 167ipod: 117 billiards: 011fire-extinguisher: 070 mattress: 138segway: 181 llama-101: 134ak47: 001 toad: 256snowmobile: 192 toaster: 220triceratops: 228 chopsticks: 039refrigerator: 171 scorpion-101: 179electric-guitar-101: 063 iris: 118fern: 068 minaret: 143palm-pilot: 153 bathtub: 008microscope: 141 stirrups: 203tennis-racket: 218 ostrich: 151gorilla: 090 cowboy-hat: 051calculator: 027 doorknob: 058car-tire: 031 jesus-christ: 119welding-mask: 243 bulldozer: 023gas-pump: 083 harmonica: 097cormorant: 049 sneaker: 191soccer-ball: 193 penguin: 158giraffe: 084 mandolin: 136necktie: 149 octopus: 150tambourine: 211 butterfly: 024light-house: 132 raccoon: 168owl: 152 hummingbird: 113bowling-pin: 018 cake: 026computer-keyboard: 045 joy-stick: 120sushi: 206 blimp: 014tricycle: 229 bowling-ball: 017floppy-disk: 075 minotaur: 144lathe: 128 cactus: 025speed-boat: 197 xylophone: 247radio-telescope: 169 wheelbarrow: 244crab-101: 052 computer-mouse: 047hammock: 096 boxing-glove: 019duck: 060 ibis-101: 114superman: 205 swan: 207baseball-bat: 004 tennis-ball: 216watermelon: 242 chimp: 038ice-cream-cone: 115 birdbath: 013cockroach: 040 horseshoe-crab: 106pram: 165 bear: 009cannon: 029 spider: 198centipede: 034 fried-egg: 078mussels: 148 smokestack: 188windmill: 245 basketball-hoop: 006fighter-jet: 069 screwdriver: 180sword: 209 fire-hydrant: 071playing-card: 163 unicorn: 236dice: 055 mushroom: 147paperclip: 155 socks: 194greyhound: 254 dolphin-101: 057camel: 028 tuning-fork: 233flashlight: 074 grasshopper: 093coffin: 042 bat: 007goat: 085 golf-ball: 088goose: 089 frog: 080traffic-light: 226 goldfish: 087canoe: 030 dumb-bell: 061iguana: 116 snail: 189kayak: 122 mailbox: 135people: 159 drinking-straw: 059horse: 105 spoon: 199conch: 048 knife: 125snake: 190 syringe: 210yo-yo: 249 dog: 056praying-mantis: 166 hot-dog: 108soda-can: 195 ladder: 126rifle: 173 skateboard: 185

Performance By Category
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242.watermelon 171.refrigerator 093.grasshopper
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ºtÝÃºi·™Î>µv»
Å•·Ã½ÃµQ»•µQ·2¸ŽÅš·.Þtºi·p¹

»lµQ¶ZÄOÎ>·ÃÅš¸•Å•Ä>·�Ý™ºc¸lºO¼oµv¸l¼ 0…¸•½™µ9º>ÂšÎOÄ>»lÅ}¸l½ÃÞø¶vºi·�Âšµ0ºi»l·�Ä>·�ºi·™¶vÅšÂ•Â•º>»•¹+Æ¨µ0ºc¸•ß™»•µ0¼£Ä>ÆÃ¸•½Ãµ
ÝÃºi¸lºO¼oµv¸

Å•·™¼g¸lµQºOÝtÄiÆ…Æ¨µ0ºc¸•ß™»•µ0¼•Å•·2¸•»lÅš·™¼•Å¦¶
¸•Ä#¸•½Ãµ+Ä>ÌÃÍgµQ¶�¸�¶vºi¸•µvÎOÄ>»lÅšµ0¼vÛ�Üpß™¶W½Bº>·BºiÂ•Î>ÄO»•Åš¸•½™Þ¤Ç
Å•ÂšÂÖÆ6º>ÅšÂ

¸•ÄÊÅ¦Ý’µv·2¸•ÅšÆ¨¹Ë¶vºi¸•µQÎ>Ä>»lÅ•µQ¼�ÅšÆ)¸l½Ãµ�ÅšÞtºiÎOµQ¼!¶ZÄOÞ!µBÆ¨»•ÄOÞ ºi·ÃÄ>¸•½ÃµQ»!Ý™ºc¸lºO¼oµv¸!Ç
Åš¸•½òÝ’ÅE‘ÖµQ»•µQ·O¸
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Æ¨Ä>»�¸l½Ãµt¶ZÄ>»l»lµvÂ¦ºc¸•Å•Ä>·•¶ZÂ¦º>¼l¼oÅE:™µv»�Ý’µ0¼•¶v»•Å•ÌIµ0ÝœÅ•·

¼•ßÃÌ™¼•µQ¶�¸lÅšÄO·�×IÛ ÔÃÛFå�½™Å•¼�Å¦¼�¸l½Ãµ
Þ¡µQºi·¡Ä>ÆFÒ0ï+¼•µvÁIºi»Wºc¸•µ�¶ZÄO·’Æ¨ß™¼•ÅšÄO·¡Þ¡ºi¸•»lÅ•¶vµQ¼�ÎOµv·ÃµQ»lºi¸•µQÝ#Æ¨Ä>»

N train = 30
Û�æ¤ÂšÄOÎ�¼l¶vº>Âšµ�Å¦¼+ß™¼•µQÝ^¸lÄBÞtºiÈOµ#Åš¸+µ0º>¼•ÅšµQ»Ž¸•Ä�¼oµQµ#Ä–‘IÏeÝ’Å¦ºiÎ>ÄO·™ºiÂ£µvÂ•µvÞ¡µv·2¸l¼QÛ

öÃÄO»�¶ZÂ¦ºi»lÅ}¸g¹MÇ9µ�Å¦¼•Ä>Â¦ºc¸•µ�¸•½™µŽÝ’Å•º>Î>ÄO·™ºiÂpºi·™Ý�»lÄcÇËèOÔ€I1=5DE=�[1U#º>·™Ý#Ý’µ0¼•¶v»•Å•ÌÖµ�¸l½ÃµvÅ•»�Þ¡µQº>·ÃÅš·™Î

Å•·^öFÅ•Î>ßÃ»lµ!Ò>Ò>Û

×o®" ÁÂÅGÆ�Æ\¶ˆº~³ÄÃ\Ç~Å¡¼ Á¤º,³‡ÈLÈ•Ç�NR¶…Æ

å�½Ãµ¡·ÃµvÀ2¸#¶vÂ•ºO¼•¼•ÅE:™µv»�Ç9µ!µQÞ¡ÁÃÂšÄc¹OµQÝœÇ9ºO¼Mº�¶vÄ>»l»•µQÂ•ºi¸•Å•Ä>·ôÌIº>¼•µQÝÊ¶ZÂ¦º>¼l¼oÅE:™µv»0Û¡æŽÂ•Â•ÅšÞtº>Î>µQ¼

Ç9µv»lµ9»lµQ¼•Å•ñvµQÝ�¸lÄ

Ndim � Ndim
ÓOÝ’µ0¼•ºi¸•ßÃ»Wºc¸lµQÝ¡ºi·IÝ�·™Ä>»lÞ¡º>ÂšÅ•ñvµ0Ý�¸•ÄM½™ºP¿Oµ9ß™·ÃÅ}¸�¿Pº>»•Å¦ºi·I¶Zµ>Û

å�½Ãµ�·ÃµQº>»•µ0¼g¸!·ÃµvÅ•Î>½pÌÖÄ>»!Ç9ºO¼�¶vÄ>Þ¡ÁÃß’¸lµQÝRÅš·R¸•½Ãµ

Ndim
2 ÏeÝ’ÅšÞ¡µQ·™¼oÅ•Ä>·IºiÂ�¼oÁ™ºO¶Zµ�ÄiÆ)ÁÃÅšÀ’µvÂ

Å•·O¸lµv·™¼•Åš¸•Å•µQ¼QÛ�å�½™Å•¼�Å¦¼�µ p2ßÃÅ•¿cºiÂ•µv·2¸�¸•Ä£:™·™Ý’Å•·ÃÎ!¸•½™µ�¸•»WºiÅ•·ÃÅš·™Î�Å•ÞtºiÎ>µ�¸•½Iºc¸)¶ZÄO»•»lµvÂ¦ºc¸lµQ¼�ÌIµ0¼g¸

Ç
Åš¸•½�¸•½Ãµ�¸lµQ¼o¸ŽÅšÞtº>Î>µ>Ó’¼•Åš·I¶Zµ

< (X � Y )2 > = < X 2 > + < Y 2 > � 2 < X Y > = � 2 < X Y >

Æ¨Ä>»)ÅšÞtºiÎOµQ¼

X
Ó

Y
Ç
Åš¸•½.ßÃ·™Å}¸+¿Pº>»•Å¦ºi·I¶Zµ>Û9æŽÎ2ºiÅ•·�Ç9µ�ß™¼•µM¸l½Ãµ¾ÒZÏ|·ÃÄO»•Þ Å•·™¼o¸•µ0º>Ý^ÄiÆ�¸l½Ãµ�ÔPÏ

·ÃÄO»•ÞHÌIµ0¶vºißI¼oµ•Åš¸¢Å¦¼…Æ6ºO¼g¸lµv»£¸•Ä)¶vÄ>Þ¡ÁÃß’¸lµ•ºi·™Ý�¹2Å•µvÂ¦ÝÃ¼£ÌIµv¸o¸•µQ»¢¶vÂ•ºO¼•¼•Å;:Ö¶vºc¸lÅšÄO·�ÁIµQ»oÆ¨ÄO»•Þtºi·I¶Zµ>Û

é�µv»•Æ¨Ä>»lÞ¡º>·™¶Zµ�ÄiÆ

7:6 � 0:7%
ºi¸

N train = 30
Å•¼+¶ZÄOÞ¡ÁÃß’¸•µ0ÝôÌp¹�¸lº>È2Å•·ÃÎB¸•½Ãµ!Þ¡µQºi·

ÄiÆ¢¸•½Ãµ�ÝÃÅ•º>Î>Ä>·IºiÂ%ÄiÆF¸•½Ãµ�¶vÄ>·’Æ¨ßI¼oÅ•Ä>·�Þtºc¸•»lÅšÀBÅš·.öFÅ•Î>ßÃ»lµ�Ò0ïÃÛ

×o®"Ñ BRQR³ÄÃ`Ç,³‡ºS"3ÔSÆ\³‡²´Ç
ÛUT ³ÌÃ\½�VCÇ,¼Cµ

æ)¼^ºž:™·™º>Â�¸•µQ¼o¸.Ç�µÊ»lµZÏ|ÅšÞ¡ÁÃÂ•µvÞ¡µv·2¸�¸•½ÃµÑ¼•Á™ºc¸lÅ•º>Â�Áp¹p»WºiÞ¡Å•Ý Þtºc¸l¶W½™Åš·ÃÎÉºiÂ•Î>ÄO»•Åš¸•½™Þ Ä>Æ

ç£º>ñvµQÌÃ·ÃÅ•ÈÖÓ
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ºi·BÜ’ê�ã È>µQ»•·™µvÂ™Å¦¼•ÎOµv·ÃµQ»lºi¸•Å•·ÃÎ+Æ¨»•ÄOÞ¤Þtºi¸l¶W½ÃÅ•·ÃÎ#¼l¶ZÄO»•µ0¼�ÌIµv¸gÇ�µQµv·BºM¼•µZ¸9ÄiÆ%¸•»WºiÅ•·ÃÅ•·ÃÎMÅšÞ!Ï

ºiÎOµQ¼QÛFå�½™µvÅ•»�ÁÃß™ÌÃÂšÅ¦¼•½ÃµQÝ.á9ºiÂš¸•µ0¶W½’ÏlÒ0ïÃÒ
ÁÖµv»•Æ¨Ä>»lÞtºi·™¶vµ�ºc¸

N train = 30
Ç�º>¼

64:6 � 0:8%
Û

ì�ßÃ»
ÄcÇ
·�ÁIµQ»oÆ¨ÄO»•Þtº>·™¶Zµ+Å•¼�Á™»lºO¶�¸•Å¦¶vº>ÂšÂ•¹t¸l½Ãµ�¼•º>Þ¡µ>Û

æ)¼
¼•½ÃÄcÇ
·BÅ•·^ö¢Å•Î>ß™»•µ!Ò0ÔÃÓ2ÁÖµv»•Æ¨Ä>»lÞtºi·™¶vµ�ÄO·^á9º>Â}¸lµQ¶W½’ÏgÔ>Ø>Ù�Å¦¼�»lÄ>ß™Î>½ÃÂ•¹t½™ºiÂšÆ�¸l½ÃµMÁIµQ»oÏ

Æ¨Ä>»lÞtºi·™¶vµ�ºO¶W½ÃÅšµQ¿>µ0ÝtÄ>·.á9ºiÂš¸•µQ¶W½ÃÏlÒ0ïÃÒ>ÛFöÃÄO»�µvÀ’º>Þ¡ÁÃÂšµ�ºc¸

N train = 30
Ä>ß™»
á9º>Â}¸lµQ¶W½’ÏgÔ>Ø>Ù

ºi·IÝ^á9º>Â}¸lµQ¶W½’ÏWÒQï™Ò)ÁÖµv»•Æ¨Ä>»lÞ¡º>·™¶ZµMº>»•µ

67:6 � 1:4%
ºi·™Ý

34:1 � 0:2%
»•µ0¼oÁÖµQ¶Z¸•Å•¿>µQÂš¹OÛ
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 177.saturn
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Diagonal

 182.self�propelled�lawn�mower
 145.motorbikes�101

 230.trilobite�101
 094.guitar�pick  177.saturn
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Caltech�101 / Caltech�256  Performance

 

 

Caltech�101

    SPM

    SVM�KNN [3]

    SPM [2]

Caltech�256

    SPM

    Correlation

    Size
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N train
Æ¨ÄO»
á9º>Â}¸lµQ¶W½’ÏWÒQï™ÒŽºi·™Ý�á9º>Â}¸lµQ¶W½’ÏgÔ>Ø>Ù
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·

Å•Þ!Á™ÂšµQÞ!µQ·2¸lºc¸lÅšÄO·�Ç
Åš¸•½!¸l½ÃµvÅ•»�ÁÃßÃÌÃÂ•Å¦¼o½Ãµ0Ý!»•µ0¼oßÃÂš¸l¼QÓ>ºO¼�Ç�µQÂšÂÃºO¼F¸•½ÃµŽÜpê+ã^Ï�Où›R› ºiÁÃÁ™»•Ä2º>¶W½

ÄiÆXWÖ½™º>·ÃÎ™Ó\99µv»lÎ™Ó’ãôº>Åš»lµMºi·™Ý�ãôº>ÂšÅ•ÈœÐ ÕPÚ|Û
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¼oÅšÀB¶ZÄO·’Æ¨Ä>ßÃ·IÝ’Åš·™Î

¶vºi¸•µQÎ>Ä>»lÅ•µQ¼QÛ¡nÊµ�Ý’µ�:™·Ãµ#¸•½ÃµPI17�Y�7�M
=#D;4�?"U^º>¼Ž¸•½Ãµ�Þ¡µ0ºi·ôÄ>ÆF¸l½Ãµ#Ä–‘IÏHp2ß™º>ÝÃ»lº>·O¸)ÝÃÅ•º>Î>Ä>·IºiÂ¦¼

Ý’Å•¿pÅ•Ý’µ0ÝàÌp¹œ¸l½Ãµ¾Þ¡µQº>·ÑÄiÆ�¸•½ÃµBÞ¡º>Åš·ËÝÃÅ•º>Î>Ä>·IºiÂDÛBäe·à¸•½™Å•¼!¶vºO¼oµOÓ�Æ¨Ä>»

N train = 30
Ó¢¸•½Ãµ

Î>µQ·Ãµv»WºiÂ•Åš¸g¹tÅ•¼

g = 0:145
Û

n ½™ºc¸MÝ’ÄpµQ¼

g
¼•ÅšÎO·ÃÅ}Æ¨¹$E@á�ÄO·™¼oÅ¦Ý’µQ»)¸gÇ9ÄBµvÀ2¸l»•µQÞ¡µ!¶Qº>¼•µQ¼QÛ�ä|Æ

g = 0:0
¸l½Ãµv·œ¸•½ÃµQÅš»�Å¦¼

ºiÌI¼oÄOÂšß’¸lµvÂ•¹¡·ÃÄ!¶vÄ>·’Æ¨ßI¼oÅ•Ä>·¾ÌÖµZ¸gÇ9µvµQ·�º>·2¹tÄ>Æ�¸•½™µ+¼•ÅšÞ¡Å•Â•º>»9¶Qºc¸lµvÎ>ÄO»•Å•µQ¼QÓ2Åš·™¶vÂšßIÝ’Åš·™Î ?H7�Y¥Y�4A�¨

A
¬\K�7¾º>·™ÝòA�Y“7�= ª17�M�Û¾å�½ÃÅ¦¼�Ç9Ä>ßÃÂ¦ÝœÌÖµ¾¼•ß™¼oÁ™Å•¶vÅšÄOß™¼M¼oÅ•·™¶vµ!Åš¸�Þ¡µQº>·™¼+¸•½Ãµ¾¶Qºc¸lµvÎ>ÄO»•Å•ñQºi¸•Å•Ä>·

ºiÂ•Î>ÄO»•Åš¸•½™Þ¤Å¦¼�¼•ÁÃÂ•Å}¸•¸•Å•·ÃÎ#½IºiÅ•»l¼QÓOÅ•µ>ÛÄ:™·IÝ’Åš·™Î!¼•ÅšÎO·ÃÅE:I¶vº>·O¸9Ý’Å;‘%µv»lµv·I¶ZµQ¼�Ç
½ÃµQ»•µŽ·™Ä>·Ãµ+¼o½ÃÄOßÃÂ¦Ý

µZÀ’Å¦¼g¸0Û�é�µQ»•½™º>Á™¼)¸•½Ãµ!¶ZÂ¦º>¼l¼oÅE:™µv»�Å•¼�¸l»lº>Åš·ÃÅ•·ÃÎ¾ÄO·œ¼•Ä>Þ¡µ#Å•·™¶ZÄO·™¼•µ p2ßÃµv·2¸lÅ•º>Â¢ºi»•¸•ÅšÆ6º>¶Z¸�Ä>Æ•¸•½Ãµ

ÝÃºi¸lº>¼•µZ¸0ÛFæ9¸•¸•½ÃµŽÄ>¸•½ÃµQ»•µZÀp¸l»•µQÞ!µ

g = 1:0
¼oß™Î>Î>µ0¼g¸W¼F¸•½™ºi¸•¸•½™µ
¸gÇ�Ä�¶vÄ>·’Æ¨ÄOßÃ·™Ý’Å•·ÃÎ#¼•µZ¸W¼�ÄiÆ
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Å•·™ºc¸lÅš·ÃÎ+µv·™Ä>ßÃÎO½#¸lÄ�ÝÃÅ;‘%µv»lµv·2¸•Å¦ºc¸lµ�ÌÖµZ¸gÇ9µvµQ· =54�MJ™�DE=5Y�7�A)ºi·™Ý#¸•½™µ9Þ¡ÄO»•µ�¼oÁÖµQ¶vÅ;:Ö¶9¶Qºc¸lµvÎ>ÄO»•¹

ËÌI�¬•?H7�M�¨ÎÍ�7�?DÓ’Ä>»9ÌIµv¸gÇ�µQµv·]™\7�K�™�DE7#ºi·™Ý¾¸•½ÃµQÅš»‡§�=–6�7�A�Û•äe·�Ä>¸•½ÃµQ»�Ç�ÄO»lÝÃ¼QÓO¸•½ÃµM¶ZÂ¦º>¼l¼•Å;:™µQ»�ÎOµv·’Ï

µv»WºiÂ•Å•ñvµQ¼�¼•Ä�Ç�µQÂšÂ™º>ÌIÄOß’¸•¼•ÅšÞ¡Å•Â•º>»�Ä>Ì’Ígµ0¶�¸•¶ZÂ¦º>¼l¼oµ0¼F¸•½™ºi¸•Å}¸•ÞtºP¹�ÌÖµ)¶vÄ>·™¼•Å•ÝÃµv»lµQÝM¸lÄpÄ�¼oÂ•Ä>ÁÃÁp¹

Æ¨Ä>»Ž¼•Ä>Þ¡µMºiÁ™ÁÃÂšÅ¦¶vºi¸•Å•Ä>·™¼QÛ

äe·ÉÁÃ»lºO¶�¸lÅ•¶vµB¸l½Ãµ.Ý’µQ¼•Åš»lµQÝ3¿cºiÂ•ßÃµ^ÄiÆ

g
Ý’µvÁÖµv·™Ý™¼¡Ä>·3¸•½Ãµ^·ÃµQµQÝÃ¼¡Ä>Æ)¸•½™µô¶Zß™¼o¸•ÄOÞ!µQ»QÛ

ç�ÄcÇ9µv»�¿cºiÂ•ßÃµ0¼
ÄiÆ

g
Ý’µQ·ÃÄi¸lµ‹:™·Ãµ�Ý’Å¦¼•¶v»•Å•Þ¡Åš·Iºc¸•Å•Ä>·^ÌÖµZ¸gÇ9µvµQ·^¼•Å•Þ!Å•Â¦ºi»Ž¶vºi¸•µQÎ>Ä>»lÅ•µQ¼9Ä>»Ž¼•ßÃÌ’Ï

¶vºi¸•µQÎ>Ä>»lÅ•µQ¼QÛ�å�½ÃÅ¦¼�Ç�ÄOßÃÂ¦ÝœÌÖµ¡Á™ºi»•¸•Å¦¶ZßÃÂ¦ºi»lÂ•¹ôÝ’µQ¼•Åš»WºiÌ™Âšµ¡Å•·Ê¼•Å}¸lß™ºc¸lÅšÄO·™¼+¸•½Iºc¸�»lµ p2ßÃÅ•»•µ�¸•½Ãµ
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