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⡩౬Ǿ⢃อɪʁɴǾ़ঘǿ ˍᨖ˜Ǿ⯎ɪʁɴ֑᧹ ȢผȎǫǶǔț ɂɚɩɪʁ

ɴଔᵿǸǧǶᐰƽǺɪʁɴɞȬɴɈǾ⫴ǜ⒆ȟȜǶǔțǜ ǭǾ˜ǷᥱࢁርȒ౻ǟ

֑᧹ǥȜǶǔțǾǜ ɢȭɃ☠ǻ࣡ǵǔǶɂɚɩɪʁɴȢչⲳǩțɢȭɁȫɼɞȬ

ɴɈǷǒț ǿ ɢȭɁȫɼɞȬɴɈǾʷǴǷǒțǜ ঐǟǾɠɲɌɑɞȲʁ

ɩǻଔආǷǝțǣǸǺǹǛș ֑᧹ ǜ़ǘǶǔț ǧǛǧ ǿ ᓻ╅ɪʁɴǾ

ᓻ╬᤺ǿⶳǔǜ ɂɚɩɪʁɴǾᓻ╬᤺ǜΣǔᣁ൱ǜǒț ǭǣǷ ӟǻ༖ƽǜ⫴ǧ

ǯᒀ፧ખ–Ȣආ᧹ǧǯɪʁɴɞȬɴɈɳɼȹǸ ȢẼȏ۱ȟǫ ǥșǻ

Ǿɪʁɴ઼ǻ᧹ǔșȜț⬓пǾঃሡȢ⒆ǖǣǸǷᓻ╅ɪʁɴǸɂɚɩɪʁɴӾǻ

ᓻ╬᤺ǾⶳǔɪʁɴɞȬɴɈɳɼȹཇᗖȢᎱ▀ǧǯ
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Ǿ ǧ Ȑ Ǻ

⯎ɪʁɴǿȭɼɈʁɖɌɑȔၪై⯎○ǾᇄھǻȘȚঐǟǾ͇ǻ֑᧹ǥȜǶǔț ǧǛǧ

Љ ǻǸǳǶൽ┷ǷǺǔɪʁɴۆ ǔȟȖțɂɚɩɪʁɴǜ⯎ɪʁɴ֑᧹ ȢผȎǫǶǔ

ț ɂɚɩɪʁɴǿ⯎ɪʁɴǾᣁ൱Ƿǒțʷಐǻঘ⦗ǻ⢍ЉǷǝț᠋ǺǹȢฝ᧹ǧǶᠫట

֍ǻ⢍ȚǴǡșȜțǜ ǭǾޫⲥ᠋ǿ Љ ǻǸǳǶൽ┷ǷǺǔɪʁɴǜঘ⦗ǻ⢍șȜۆ

ǶǟțǣǸǜࡎڥǷ ൽ┷ǺɪʁɴȢ╁⊞ǸǧǶǧȎǖډ⭩ඹǺǹǻǒț ɂɚɩɪʁɴǾ

⢍Љཇᗖǿᐰƽઈࢁǩțǜ ⢍Љ สआȢѯǳǯɪʁɴȔ᮫͇ǛșǾɪʁɴȢⓔǳǯȺʁɂ

Ǻǹǜ़ǘǶǝǶǚȚ ཇےǿ౬ƽఘ০لǧǶǝǶǔț

ɂɚɩɪʁɴǻଔླྀǩțཇᔳǸǧǶ ɂɚɩɪʁɴǸൽ┷Ǻᓻ╅ɪʁɴȢ⅌ؕǻչⲳǩ

țᐰƽǺɂɚɩɪʁɴɞȬɴɈɳɼȹǜ⫴ǥȜǶǔț ǭǾ˜ǷᥱࢁርȒ౻ǟ֑᧹ǥȜ

ǶǔțǾǜ ɢȭɃǾ઼ǻ࣡ǵǔǶɂɚɩɪʁɴȢչⲳǩțɢȭɁȫɼɞȬɴɈǷǒț

ǿɢȭɁȫɼɞȬɴɈǾʷǴǷᓻ╅ɪʁɴǾ᤺ۂࡌǿⰟǻⶳǔǜ ɂɚɩɪʁɴ

Ǿᓻ╬᤺ǜΣǔ ǺǬǺș ᓻ╅ɪʁɴǾ◴઼Ȣ۞Ǻ⭉ȚଧǺǟǩțǯȑǻ ঐǟǾ

઼Ǿ⮾ǧǔɂɚɩɪʁɴȢᓻ╅ɪʁɴȈǸչⲳǧǶǔțǛșǷǒț ᥱࢁ ɂɚɩɪʁɴǾ

ᘔ⢢⦗ǿᓻ╅ɪʁɴǾǭȜȘȚǿțǛǻঐǟ ɂɚɩɪʁɴǾ◴઼ǻȘțᓻ╅ɪʁɴȈǾ

ᚇӲȢȘȚଧǺǟǩțǣǸǿ ɪʁɴ֑᧹ ǻǸǳǶⰟǻ⦕┷Ƿǒț

ɂɚɩɪʁɴǾ◴઼ȢଧǺǟǩțǯȑǻǿ Ǿչⲳ઼ǻ᧹ǔșȜț⬓пȢঃሡ

ǧ ⢢ᓻ╅ɪʁɴǸ◴઼ǥȜțɪʁɴȢɂɚɩɪʁɴǸ઼ǥȜțȘǖǻঃሡǩȜȀȘ

ǔ ǧǛǧ ǭȜǰǡǷǿᓻǧǟ઼ǷǝǶǔǯᓻ╅ɪʁɴȢ◴઼ǩț۞ඹǜǒțǯȑ

Ǹӟǻ༖ƽǜ⫴ǧǯᒀ፧ખ–Ȣආ᧹ǧǯɪʁɴɞȬɴɈɳɼȹ ȢẼȏ۱ȟǫț

ǣǸǷ ᓻ╅ɪʁɴǾᓻ╬᤺Ȣỻ྿ǧǯȎȎ ɂɚɩɪʁɴǾᓻ╬᤺ȢˁᅷǥǫțཇᗖǻǴ

ǔǶᎱ▀ǩț

ᑿ፦ક‒ȿɁɎɨ

ᒀ፧ખ–ɀɂɏɩ ǿ ඕખ–ǾʷǴǷǒț᤺⡩Λખ–⾸

⿊ ખ–⾹Ǿખ–ɚɲɉȭɩǻ࣡ǵǝ⫴ǥȜǯɀɂɏ

୯ےঘખঘખ⭑ ఖખᮿ᳤ᲈ

ᥱࢁ⾼ᅡቋɲɌɒጌΊ

୯ےঘખ ঘખสआᒀᐧ ɪɐȬȫ࣡ᬭɄɼɈʁ
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ɩǷǒț ǿ ʷᓏӚǾ▊ۦ֊ɐʁɈȢଔ⛆ǸǧǶǚȚ ǒșǛǨȑչⲳǧǶǚ

ǔǯᓻǾύǸ⛥ǾύǸܶȀȜț̙ǴǾખ–ύȢ˅ǘțǣǸǷ ǭȜșȢչⲳǩț╅֨Ȣତǝ

խǩ

ǿǄȭɼɐȶɀɼȹǅǸǄᖒ઼ቇǅǻȘȚչⲳ╅֨Ȣα༕ǩț ȭɼɐȶɀɼ

ȹǿખ–ύǻ܆ȎȜț┷ẤǻଔǧǶȹɴʁɝɼȹȢ⒆ǔ ┷ẤᄌȢ᚜ଧǥǫț ખ–ύǾᣁ

൱Ȣỻ྿ǧǯȎȎ┷ẤᄌǾ᚜ଧǜǷǝȜȀ ખ–Ǿل᤺ǻǴǺǜț Ȏǯ ᖒ઼ቇǿȭɼ

ɐȶɀɼȹൗǾ▊ۦ֊Ȣɗʁɒǻ⥏Ὴǧ ᓻǾύǸ⛥ǾύȢርȒⶳǔ᤺ǷչⲳǩțǣǸǜ

Ƿǝț╅֨Ȣ့ᰴǩț

ȡඅ᧸ǦǮɩʀɳɝȫɳɇɲɻȸ

༖ƽǿǣȜȎǷǻ Ǹ ǾཇᗖȢ᧹ǔ ɂɚɩɪʁɴ΅Ǹᓻ╅

ɪʁɴ΅Ȣખ–ύǸǧǶ ǻӲןǧ ̙ǴǾɪʁɴ΅Ȣչⲳǩțᣁ൱ɚɈʁɼǾྏ

խȢ◀ȏǶǔț ˅ǘșȜǯᄚᴭ˜Ǿۭٹ◮ǿ ͩ˂ǾᅁᗖǷխᥱᄌȔխᥱⲠಐȢ࣡ǻ⦕

Ǿ⣺઼Ȣ⒆ǔ◮ٹ┷ ǻӲןǥȜț ͩ˂Ƿǿᷯٹǻ Ȣආ᧹ǧǯɪʁ

ɴɞȬɴɈɳɼȹǾՙǾᘔȜǻǴǔǶ◼ᅾǩț

ǽྎլ◭ٸ

ખ–᧹ɪʁɴǸǧǶչⲳǧǯɂɚɩɪʁɴ΅ ᓻ╅ɪʁɴ΅ǻ܆ȎȜțٹ◮ǾྏխȢ⒆ǖ

ɂɚɩɪʁɴ΅⾸ᓻ╅ɪʁɴ΅⾹Ǿྏխǧǯ⦕⓺Ȣ܆ȐǩȉǶǾٹ◮ᄌȢ Ǹǧ ɂ

ɚɩɪʁɴ΅⾸ᓻ╅ɪʁɴ΅⾹Ǿྏխǧǯٹ◮ ǾխᥱᄌȢ Ǹǩț Ǻ

ǚ ɂɚɩɪʁɴ΅Ǹᓻ╅ɪʁɴ΅Ƿǿɪʁɴ˜Ǜșྏխǩțٹ◮ᄌǜঘǝǟᨶǺțउ۱ǜ

ঐǔ ǭǾǯȑ Ȣ᧹ǔǶ ɂɚɩɪʁɴ΅Ǹᓻ╅ɪʁɴ΅Ǿྏխٹ◮ᄌȢ࣡ǻⓞᓻȢ

⒆ǔ ɂɚɩɪʁɴ΅ ᓻ╅ɪʁɴ΅ǷǾྏխٹ◮ ǾխᥱᄌȢԚ╺ᶠǩț ɂɚɩɪʁɴ

΅Ǿྏխٹ◮ Ǿխᥱᄌ ǿ ᓻ╅ɪʁɴ΅Ǿྏխٹ◮ Ǿխᥱᄌ

ǿ Ǜșᶠխǩț Ȏǯ ખ–ɪʁɴ΅ӵΨǷǾྏխٹ◮ Ǿխᥱᄌ ǿ

Ǜșᶠխǩț

ǽլᥰ᤹Ƿլᥰⲟಏǽᶟլ◭ٸ

ખ–ύǾɪʁɴ΅ǻ܆ȎȜțۭٹ◮Ǿխᥱ᤺Ǹɂɚɩɪʁɴ΅ǷǾխᥱⲠಐȢǭȜǮȜᶠ

խǩț ◮ٹ Ǿխᥱ᤺ ǿ ɂɚɩɪʁɴ΅ǷǾٹ◮ ǾխᥱⲠಐ

ǿ Ǜșᶠխǩț

Ȫɳɝȩɡɋɐং၁

ȈǸঃ၂ǩțउ۱֊ۦ▊Ȣ◮ٹ ખ–ɪʁɴ΅ӵΨǻʷ઼ࡌᄌͩˁխᥱǧǯٹ◮ǻǴǔǶ

ɂɚɩɪʁɴ΅ǷǾٹ◮ǾխᥱⲠಐȢ࣡ǻঃ၂Ȣ⒆ǖ ֮ᶺǷᶠխǧǯխᥱ᤺ ǜ

࣡ᛢп ͩˁǾпȢ྿Ǵٹ◮ Ȣ▊ۦ֊ঃ၂Ǿଔ⛆ٹ◮ǻǧ ࣡ᛢп

ǿ ǻȘǳǶᶠխǩț Ǻǚ ખ–ύǾɪʁɴ΅ǻ܆ȎȜțǩȉǶǾٹ◮Ǿ˜Ƿ խᥱ

᤺ǾርঘȢ Ǹǩț

ɂɚɩɪʁɴ΅ǷǾٹ◮ǾխᥱⲠಐ ǾпȢ࣡ǻ ⒚ ǾȘǖǻǄ ǅǾ

ǴǾ▊ۦǛșǺțȫɴɞȪɢɌɑǻῊǝ၂ǘț ǴȎȚ Ǆ ǅǻῊǝ၂ǘșȜǯٹ◮ǿ

ɂɚɩɪʁɴ΅ǻᣁ൱ǻᥱȜțٹ◮ Ǆ ǅǻῊǝ၂ǘșȜǯٹ◮ǿᓻ╅ɪʁɴ΅ǻᣁ

൱ǻᥱȜțٹ◮ Ǆ ǅǻῊǝ၂ǘșȜǯٹ◮ǿɂɚɩɪʁɴ΅ ᓻ╅ɪʁɴ΅Ǿ˔ɪʁɴ

΅ǻᣁ൱ǻ⒚Ȝțٹ◮Ƿǒț

⒙ 1 խᥱⲠಐǻȘț▊ۦ֊ঃ၂⒚

ঃ၂▊ۦ s

ͩˁ

ᛚ ͩˁ

ᛚ ͩˁ

ᛚ ͩˁ

ᛚ

Ǻǚ Ǆ ǅǾǔǪȜǻȒῊǝ၂ǘșȜǺǛǳǯٹ◮ǻଔǧǶǿ Ǆ ǅǷῊǝ

၂ǘț ȢȫɴɞȪɢɌɑǻঃ၂ǧǯỈኦ◮ٹ ખ–ύǻ܆ȎȜțǭȜǮȜǾɪʁɴǿǄ

ǅǾ ǴǾ▊ۦǛșǺțȫɴɞȪɢɌɑǷ⒚ᥱǥȜț
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ǺȗȚոⲲ╄֧ǽΰ༔

ᶺǷα༕ǧǯખ–ύǾɪʁɴ΅Ȣ ǻྲྀӲǧ ɂɚɩɪʁɴ΅Ǹᓻ╅ɪʁɴ

΅Ȣչⲳǩț╅֨Ǿ᧰༕Ȣ⒆ǖ ǿખ–ύȢᐧ༕ǩțǄ ǅǾ ǴǾ

┷ẤǻଔǧǶ ሡǻȭɼɐȶɀɼȹȢ⒆ǔ ખ–ύǷǒțɂɚɩɪʁɴ΅Ǹᓻ╅ɪʁɴ΅Ȣ

ርȒ᤺ȘǟչⲳǷǝț╅֨Ȣᖒ઼ቇǸǧǶխןǩț

ɡȬɀȪɻɝȫɳɇ

ɢȭɁȫɼɞȬɴɈǿɂɚɩɪʁɴ΅Ǹᓻ╅ɪʁɴ΅Ȣખ–ύǸǧǶ ǭȜǮȜǾɪʁɴ

΅ǻխᥱǧǯۭٹ◮ǸǭǾխᥱⲠಐǛș ǭȜǮȜǾٹ◮ǜɂɚɩɪʁɴǻխᥱǩț᤺Ȣ

ᶠխǩț ઼ଔ⛆Ǹǩțɪʁɴǻխᥱǧǯۭٹ◮ǻଔǩțٹ◮Ǿɂɚɩ᤺ȢȒǸǻ ǭ

ǾɪʁɴǜɂɚɩɪʁɴǷǒț᤺Ȣᶠխǩț ɪʁɴǾɂɚɩ᤺ǜǒșǛǨȑ઼ȑǯ⬓

пͩˁǷǒȜȀɂɚɩɪʁɴ ǭǖǷǺǡȜȀᓻ╅ɪʁɴǸ઼ǩț

Ƿ ǺȗȚκ᧸ɝȫɳɇɲɻȸ

Ǹ Ǿλ᧹Ȣ⒆ǔ ɂɚɩɪʁɴǸᓻ╅ɪʁɴȢչⲳǩțλ᧹ɞȬɴɈ

ɳɼȹǻǴǔǶ◼ᅾǩț ǴǾɞȬɴɈǿǭȜǮȜǜᨶǺț઼ᅁȢဗ᧹ǧǶǔțǯ

ȑ ʷᅁǜɪʁɴȢ◴઼ǧǶȒ Ȓǖᢩᅁǜᓻǧǟ઼ǷǝțǾǷǿǺǔǛǸ่̕ǧǯ

Ȣ᧹ǔǯɞȬɴɈɳɼȹཇᗖǿ ખ–΅Ǿɪʁɴ˜ǻ܆ȎȜțٹ◮ǾխᥱⲠಐǸ

◮ⱾǻȘȚչⲳ╅֨Ȣα༕ǧ ɪʁɴ˜ǻᣁ઼Ǿ▊ۦ֊ǾɚɈʁɼǜ܆ȎȜǶǔțǛǻȘȚ

઼Ȣ⒆ǖ ǴȎȚ ǿᖒ઼ቇǾɗʁɒɚɈʁɼǻɧɌɊǩțǛǻȘǳǶǾȏ઼

Ȣ⒆ǔ ɪʁɴǾംǔᣁ൱Ȣ⒚ǩʷ⤵չǾȏǜ઼ǻ֑᧹ǥȜǶǔț ʷᅁ ǿખ

–΅Ǿɪʁɴ˜ǻ܆ȎȜțۭٹ◮ǾխᥱⲠಐǻȘǳǶ ۱ǻǭǾɪʁɴǜǹȜǠșǔɂ

ɚɩɪʁɴǷǒțǛǾ᤺ȢᶠխǧǶǔț ǴȎȚ ǿɪʁɴӵΨǾᄚઇ֊สआǛ

ș ɪʁɴǾӵΨǺⲳΛҊۺȢ֑᧹ǧǶ઼Ȣ⒆ǳǶǔț ǿɪʁɴǾୌཁǺ

สआȢ֑᧹ǧǶǔțǾǻଔǧǶ ǿɪʁɴǾ౫ࢎǺสआȢ֑᧹ǧǶǔțǯȑ઼

ᅁǜᨶǺǳǶǔț Ȏǯ ◮ⱾȢ઼ǻ֑᧹ǩț Ȣλ᧹ǩțǣǸǷ ɢȭɁȫɼ

ɞȬɴɈǾࡌ⤁ᵿǸǧǶρ᧹ǥȜǶǔțɸʁɒȾɲɉ ǻȒଔආǷǝț۞ඹǜǒț

չⲳᓻ╬᤺ǻǴǔǶǿ ǿᓻ╅ɪʁɴǚȘȃɂɚɩɪʁɴǔǪȜǾᓻ╬᤺Ȓⶳ

ǔǜ ଧᄌǾᓻ╅ɪʁɴȢ◴઼ǩțҊۺǻǒț ʷᅁ ǿᓻ╅ɪʁɴǻɂɚɩɪʁ

ɴȢঐǟᚇӲǧǶǧȎǖҊۺǻǒțǜ ᓻ╅ɪʁɴǾ᤺ۂࡌǿ ǻ⡩ǔ ǭǣǷ λ᧹

ɞȬɴɈɳɼȹǷǿ ̙ǴǾཇᗖǾ⫨ཁȢẼȏ۱ȟǫ ᠋Ȣⓞǔ۱ǳǶչⲳ֞ಐǾⶳǔɞȬ

ɴɈɳɼȹཇᗖȢᴘǩțǣǸȢᬷǸǩț ࡗ ǻ Ǹ Ǿλ᧹ɞȬɴɈ

ɳɼȹǾᘔȜȢᰴǩ ǿᓻ╅ɪʁɴ ǿɂɚɩɪʁɴȢ⒚ǩ

ࡖ 1 Ǹ ǻȘțλ᧹ɞȬɴɈɳɼȹǾᘔȜ

ࡗ Ǿλ᧹ ǿʷᔳ⭶ᬷǾ ǜᓻ╅ɪʁɴǸ઼ǧǯɪʁɴǻଔǧǶǿǭǾᆤ

᠋Ƿ઼Ȣᖒ઼ǧ ɂɚɩɪʁɴǸ઼ǧǯɪʁɴǻଔǧǶǿ̙ᔳ⭶ᬷǾ ǜ઼Ȣ

⒆ǖ ʷᔳ⭶ᬷǾ ǜɂɚɩɪʁɴȢᓻ╅ɪʁɴǸ◴઼ǩțɪʁɴǿଧǺǔǜ

̙ᔳᬷǾ ǻȘȚ ᓻ╅ɪʁɴǸ◴઼ǩțɂɚɩɪʁɴǜ़ǘǶǧȎǖ λ᧹ ǿ

ʷᔳ⭶ᬷǾ ǜɂɚɩɪʁɴǸ઼ǧǯɪʁɴǻଔǧǶǿǭǾᆤ᠋Ƿ઼Ȣᖒ઼

ǧ ᓻ╅ɪʁɴǸ઼ǧǯɪʁɴǻଔǧǶǿ̙ᔳ⭶ᬷǾ ǜ઼Ȣ⒆ǖ ʷᔳ⭶ᬷǾ

ǜɂɚɩɪʁɴǸ઼ǧǯɪʁɴǾ˜ǻᓻ╅ɪʁɴǜ܆ȎȜ ǣȜșǾɪʁɴǿ

ǩțǣǸǜǷǝǺǔǣǸǜঘǝǺᓎ᠋Ƿǒțۂࡌ λ᧹ ǿʷᔳ⭶ᬷǾ ǜᓻ╅ɪʁ

ɴǸ઼ǧǯɪʁɴǻଔǧǶǿǭǾᆤ᠋Ƿ઼Ȣᖒ઼ǧ ɂɚɩɪʁɴǸ઼ǧǯɪʁɴǻ

ଔǧǶǿ̙ᔳ⭶ᬷǾ ǜ઼Ȣ⒆ǖ ǿᓻ╅ɪʁɴȢᓻǧǟ઼ǩțǯȑ

Ǿᓻ╅ɪʁɴȢᓻǧǟۂࡌǩțǣǸǜቄǷǝțǜ ᓻ╅ɪʁɴǸ઼ǧǯɪʁɴǾ

˜ǻঘ⦗Ǿɂɚɩɪʁɴǜ܆ȎȜǶǧȎǖǣǸǜ⮾᠋Ƿǒț λ᧹ ǿʷᔳ⭶ᬷǾ

ǜɂɚɩɪʁɴǸ઼ǧǯɪʁɴǻଔǧǶǿǭǾᆤ᠋Ƿ઼Ȣᖒ઼ǧ ᓻ╅ɪʁɴǸ઼ǧ

ǯɪʁɴǻଔǧǶǿ̙ᔳ⭶ᬷǾ Ƿ઼Ȣ⒆ǖ ǿɂɚɩɪʁɴȢᓻǧǟ

չⲳǷǝțǜ ᓻ╅ɪʁɴǾ઼ǜ ǻȘțǣǸǻǺȚ ଧᄌǾɂɚɩɪʁɴǸଧ

ᄌǾᓻ╅ɪʁɴȢ◴઼ǧǶǧȎǖډ⭩ඹǜᔟț

ǽệእǺȗȚ⬒оংሠ

ቋᴭǷǿ⬓пঃሡ֮Ǿ ǻȘțɪʁɴɞȬɴɈ ȃǣȜșǾλ᧹ɞȬھ

ɴɈǷ઼Ȣ⒆ǳǯỈኦǻǴǔǶǩț Ȏǯ λ᧹ɞȬɴɈǻȘțޫⲥ᠋ȢᎱ▀ǧ ɪʁ
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ɴǾɂɚɩ᤺ǾչఴǻȘȚ Ǿ⬓пȢঃሡǩțᅁᗖȢ့ጤǩț

π᧸ɩʀɳȽɻɟɳɏʀɇ

ુⵯǻǿ ⾸ ⾹ Ǿ ɐʁɈɄɌɑȢρ

᧹ǧǯ Ǿ ɐʁɈɄɌɑǿ ౬ ሱ ᅡǛș ౬ ሱ ᅡǾɪʁ

ɴ ⢢⾸ɂɚɩɪʁɴ ⢢ ᓻ╅ɪʁɴ ⢢⾹Ǜșᐧ༕ǥȜț ɪʁɴǿᆤṿ

֊ⱾǻۂȑșȜǶǚȚ ુⵯȢ⒆ǖ⭿Ȓᆤṿ֊ⱾǻۅȚའǳǯ ɐʁɈɄɌɑǾᆤṿ

֊ǾⲘǛșɂɚɩɪʁɴ ᓻ╅ɪʁɴǭȜǮȜ ⢢ǪǴ⣺խǧ ખ–᧹ɪʁɴ΅Ǹǧǯ

ǥșǻ ᆤṿ֊Ȿǻɂɚɩɪʁɴ ⢢ ᓻ╅ɪʁɴ ⢢Ȣչⲳଔ⛆ɪʁɴ΅ǸǧǶ

઼Ȣ⒆ǳǯ

ǽ⬒оংሠ֭ǽệእ

ખ–ᄌȢ ⢢⾸ɂɚɩɪʁɴ ⢢ ᓻ╅ɪʁɴ ⢢⾹ǸǧǶ઼Ȣ⒆ǳǯỈኦȢ⒚

ǻᰴǩ ખ–ɪʁɴᄌǿ⒚ ˜ǾǄ ǅǷ⒚ǩ չⲳଔ⛆ɪʁɴ΅Ȣչⲳǧǯ

ɀɂɏɩ۶ȢǄ ǅǷᰴǩ ǾൗǻሥǛȜǯᄌઇпǿɪʁɴ઼ǻ᧹ǔșȜț

⬓пǾпǷǒț ǻȘțɪʁɴɞȬɴɈɳɼȹǿ Ǹ

Ǿλ᧹ɞȬɴɈɳɼȹǿλ᧹ Ȏǯ λ᧹ǾൗǻሥǛȜǶǔțᨰۦǿࡗ Ǿλ᧹ɞȬɴɈ

ǾᨰۦǸଔආǧǶǔț չⲳଔ⛆ɪʁɴᄌ չⲳଔ⛆ɂɚɩɪʁɴᄌ չⲳଔ⛆ᓻ╅ɪʁɴ

ᄌǿǭȜǮȜǄ ǅ Ǆ ǅǄ ǅǷ⒚ǩ ǿ

Ǆɂɚɩɪʁɴ⾸ᓻ╅ɪʁɴ⾹ȢᓻǧǟչⲳǧǯɪʁɴᄌǅǷǒț

ǿǄɂɚɩɪʁɴȢᓻ╅ɪʁɴ⾸ᓻ╅ɪʁɴȢɂɚɩɪʁɴ⾹Ǹ◴ǳǶչⲳǧǯɪʁɴᄌǅ

Ƿǒț ǿǄɂɚɩɪʁɴȢᓻǧǟչⲳǧǯ۱׃ǅǷǒȚ Ǜș

ǿǄᓻ╅ɪʁɴȢᓻǧǟչⲳǧǯ۱׃ǅǷǒȚ  Ǜșᶠխǩț

κ᧸ǽẻȎ۰ȞǪǺȗȚệእǽ

λ᧹ Ǿउ۱ ʷᔳ⭶ᬷǾ Ƿ઼Ȣ⒆ǳǯ⭿ ᓻ╬᤺ǜɂɚɩɪʁɴ ᓻ

╅ɪʁɴ ǸӾǻⶳǔǾǷ ᓻ╅ɪʁɴǸ◴઼ǥȜțɂɚɩɪʁɴǜଧǺǔǜ ଧǧ

Ǿᓻ╅ɪʁɴȢɂɚɩɪʁɴǸ◴઼ǧǶǧȎǳǶǔț ̙ᔳ⭶ᬷǾ ǿᓻ╅ɪʁɴ

Ǿᓻ╬᤺ǜⶳǔǾǷ ǜɂɚɩɪʁɴǸ◴઼ǧǯᓻ╅ɪʁɴȢᓻǧǟ઼ǧǶǔ

ț ǧǛǧ ɂɚɩɪʁɴǾᓻ╬᤺ǜΣǔǾǷ ǜᓻǧǟ઼ǧǯɂɚɩɪʁɴǾ

⒙ 2 ⬓пঃሡ֮Ǿ Ǿ઼Ỉኦ

λ᧹ λ᧹ λ᧹ λ᧹

total

spam

ham

spam

spam

ham

ham

spam

ham

ǖǱ ঐǟȢ◴઼ǧǶǧȎǳǯ ǩǺȟǱ ̙ᔳ⭶ᬷǷչⲳǥȜțɪʁɴǾȋǸȣǹǿɂɚ

ɩɪʁɴǷǒțǯȑ ɂɚɩɪʁɴǾ઼ǿ ǻϟઈǧǶǧȎǔ ΣǔɂɚɩɪʁɴǾ

ᓻ╬᤺ǸǺǳǶǧȎǳǶǔț λ᧹ Ǿउ۱ ʷᔳ⭶ᬷǾ ǷǾչⲳǷǿ

ǜɂɚɩɪʁɴǸ઼ǧǯɪʁɴǾ˜ǻଧᄌǾᓻ╅ɪʁɴǜ܆ȎȜǶǧȎǳǯ ʷᔳ⭶ᬷǾ

ǜɂɚɩɪʁɴǸ઼ǧǯɪʁɴǻଔǧǶǿ ǣǾᆤ᠋Ƿ઼ǜᖒ઼ǩțǾǷ ǣ

ǣǷ◴઼ǥȜǯᓻ╅ɪʁɴǿۂࡌǩțǣǸǜǷǝǺǔ ̙ᔳ⭶ᬷǾ ǷչⲳǥȜț

ɪʁɴǿ ȋǸȣǹǜᓻ╅ɪʁɴǷǒț ǿᓻ╅ɪʁɴǾᓻ╬᤺ǜⶳǔǾǷ

ǜᓻǧǟ઼ǧǯᓻ╅ɪʁɴȢۂࡌǩțǣǸǜǷǝǯ Ȏǯ ǜȋǸȣǹǾɂɚ

ɩɪʁɴȢۂࡌǧǯൗǷǒțǯȑ ȒǸȒǸɂɚɩɪʁɴǾᓻ╬᤺ǜΣǔ Ƿǿᓻ╬

᤺ǿঘǝǟ᚜ଧǧǺǛǳǯ λ᧹ Ǿउ۱ ʷᔳ⭶ᬷǾ ǷǾչⲳǷǿ ǿ

ᓻ╅ɪʁɴȢǩȉǶᓻǧǟ઼ǧǯǜ ᓻ╅ɪʁɴǸ઼ǧǯɪʁɴǾ˜ǻঘ⦗Ǿɂɚɩ

ɪʁɴǜ܆ȎȜǶǧȎǳǶǔț ʷᔳ⭶ᬷǷᓻ╅ɪʁɴǜǩȉǶۂࡌǷǝǯǣǸǛș ̙ᔳ

⭶ᬷǾչⲳǿᚇӲǩțɂɚɩɪʁɴȢۅȚ⭓ǟǯȑǾ઼Ȣ⒆ǖǣǸǻǺț ǜ

ɂɚɩɪʁɴȢᓻ╅ɪʁɴǸ◴઼ǧǶǧȎǳǯǯȑǻ ȟǪǛǷǿǒțǜ Ǿȏǻ

ᕊȉǶɂɚɩɪʁɴǾᓻ╬᤺ǜ᚜ଧǧǯ⾸ Ǜș ⾹ λ᧹ Ǿउ۱ ʷᔳ⭶ᬷǾ

ǷǾչⲳǷǿ ǜɂɚɩɪʁɴǸ઼ǧǯɪʁɴǾ˜ǻᓻ╅ɪʁɴǿ܆ȎȜ

ǺǛǳǯ ǧǛǧ ǜɂɚɩɪʁɴǸ઼ǧǯɪʁɴᄌǿଧǺǔ Ȏǯ ǩȉǶǾᓻ

╅ɪʁɴǜ̙ᔳ⭶ᬷȈ⢍șȜțǯȑ ǾչⲳඹǷǿǩȉǶǾᓻ╅ɪʁɴȢۂࡌ

ǩțǣǸǿǷǝǺǛǳǯ

ͩˁ ǴǾᕊ⠀ǻȘȚ ᓻ╅ɪʁɴǾᓻ╬᤺Ȣ۞Ǻ⭉Ț ǻ⡩ǵǡțǯȑǻǿ ᓻ╅
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ɪʁɴǻଔǧǶǾ઼ ᧹ǖλ⒆ࡌ Ǹ ǜሲǷǒțǸǘșȜț ǥșǻ ɂɚɩɪʁ

ɴǾᓻ╬᤺Ȣⶳǟǩțǯȑǻǿλ᧹ Ǹ Ǿउ۱Ƿǿ ˔ᅁǾɞȬɴɈǜⶳǔɂɚɩɪʁ

ɴǾᓻ╬᤺ǜൽ┷Ƿǒțǯȑ ǾɂɚɩɪʁɴǾ◴઼Ȣ᚜ଧǥǫțൽ┷ǜǒț

ɩʀɳǽɁəɨ᤹ǽոళ

ǾɂɚɩɪʁɴǾ◴઼Ȣ᚜șǩǯȑǻ ɪʁɴ઼Ǿ⬓пȢ൞ቼȘȚΣǟ▛઼

ǩț Ǿɪʁɴ઼ǻρ᧹ǥȜț⬓пǿ ͩˁǷɂɚɩɪʁɴǻչⲳǥȜțȘ

ǖǻ▛઼ǥȜǶǔț ǣȜǿ ᓻ╅ɪʁɴǾᓻ╬᤺Ȣⶳǟǩțǯȑ⬓пȢⶳǟ▛઼ǧǶǔ

țǸǘșȜ ǭǾỈኦ ঐǟǾɂɚɩɪʁɴȢᓻ╅ɪʁɴǸ઼ǧǶǔț ǴȎȚ ⬓п

Ȣ˂ǢțǣǸǻȘȚ ɂɚɩɪʁɴǾᓻ╬᤺ǿˁᅷǩțǜ ᚛ଔǻᓻ╅ɪʁɴǾᓻ╬᤺ǿہ

ଧǧǶǧȎǖ ǭǣǷ ɪʁɴǾ⬓пȢঃሡǩțǯȑǻۭɪʁɴǾɂɚɩ᤺ǜǹǾȘǖǻ

չఴǧǶǔțǛȢ☉ȉǯ ۭɪʁɴǾɂɚɩ᤺ǾչఴȢ⒚ ǻᰴǩ ঃᄌ Ȣ Ǿ

ۭɪʁɴǻଔǧǶǹǾᲧಐɂɚɩɪʁɴǻⲳΛǧǶǔțǛȢᰴǩ᤺⾸ɪʁɴǾɂɚɩ

᤺⾹Ǹǩț ɂɚɩɪʁɴ ⢢ ᓻ╅ɪʁɴ ⢢Ǿչⲳଔ⛆ɪʁɴ΅ǻǴǔǶ ɂɚ

ɩ᤺Ȣ Ǜș Ǿ⫼Ƿ ǵǴ ЦǻٛպȚ ۭɪʁɴǜǹǾᶾࡖǻ܆ȎȜǶǔțǛȢ

ᰴǧǯ

⒙ 3 ɪʁɴǾɂɚɩ᤺Ǿչఴ

ᶾࡖ

ɩʀɳǽ⬒оǽংሠ

⒚ ȘȚ ɂɚɩɪʁɴǾչఴǷǿɪʁɴǾɂɚɩ᤺ǜǜ ͩˁǾᶾࡖǻ܆ȎȜț

ɪʁɴᄌǜ ⢢ǸርȒঐǔ ᓻ╅ɪʁɴǾչఴǷǿ ᛚǾᶾࡖǻ܆ȎȜțɪʁɴᄌ

ǜ ⢢ǸርȒঐǟ ᓻ╅ɪʁɴӵΨǾ ȢځȑǶǔț ɪʁɴ઼Ǿ⬓пǜɐɞȲɴ

ɑǾ Ƿǿ ঐǟǾɂɚɩɪʁɴǜᓻ╅ɪʁɴǸ઼ǥȜǶǧȎǔ ɂɚɩɪʁɴǾ◴

઼Ȣೠǝ❚ǣǧǶǔț ǭǣǷ ɂɚɩɪʁɴǾ◴઼Ȣ᚜ଧǥǫțǯȑǻ⬓пǾпȢ൞

ቼȘȚȒΣǟ▛઼ǩț ᓻ╅ɪʁɴǾȋǸȣǹǜɪʁɴǾɂɚɩ᤺ǜ ᛚǷǒȚ ɂ

ɚɩɪʁɴǾ◴઼ȢǺțȉǟଧǺǟǩțᨂǛș ǿ⬓пȢࡌ͒ ͩˁǷɂɚɩɪʁɴ

Ǹ઼ǩțǣǸǻǧǯ ር⣫Ǻ⬓пǾ⣺ཿᗖǻǴǔǶǿ ͒ൗǾ☂ⲥǸǩț

ǽ⬒оংሠൖǽệእ

⒚ ȘȚ Ǿ⬓пȢ ͩˁǷɂɚɩɪʁɴǸ▛઼ǧǯउ۱ ǜ ᛚǷǒ

ț ɂɚɩɪʁɴ ⢢ ᓻ╅ɪʁɴ ⢢ǜᓻ╅ɪʁɴǸ઼ǥȜ ǜ ͩˁǷǒț

ɂɚɩɪʁɴ ⢢ ᓻ╅ɪʁɴ ⢢ǜɂɚɩɪʁɴǸ઼ǥȜț ᓻ╬᤺ǿɂɚɩɪʁ

ɴǜ ᓻ╅ɪʁɴǜ ǸǺț ⬓пঃሡ֮Ǹᕊ⠀ǧǶ ɂɚɩɪʁɴǾᓻ╬᤺ǜ

ˁᅷǧ ɂɚɩɪʁɴǾ◴઼Ȣঘౚǻ᚜ଧǥǫțǣǸǜǷǝǯ ǧǛǧ ᓻ╅ɪʁ

ɴǾᓻ╬᤺ǿ⬓пঃሡ֮Ǹᕊ⠀ǧǶ ᚜ଧǧǶǔǯ ǾɂɚɩɪʁɴǾᓻ╬᤺Ȣ

ঘǝǟˁᅷǩțǣǸǜǷǝǯǯȑ λ᧹ Ȣλ᧹ɞȬɴɈʁǸǧǶᖒ઼ǩț ʷᔳ⭶ᬷǾ

ǾչⲳǷǿ ɂɚɩɪʁɴǾᓻ╬᤺ȢⶳȑțǣǸǜǷǝǯǾǷ ᓻ╅ɪʁɴǸ઼ǥ

ȜțɂɚɩɪʁɴǾᄌȢ᚜ଧǥǫțǣǸǜǷǝț ʷᅁ ᓻ╅ɪʁɴǾᓻ╬᤺ǿ Ƿǿ

Ǻǔǜ ঐǟǾᓻ╅ɪʁɴȢᓻǧǟ઼ǷǝțǾǷ Ǿᓻ╅ɪʁɴ ɂɚɩɪʁɴ

Ӿǻᓻ╬᤺ǜⶳǔᣁ൱Ȣ֑᧹ǧǶ ǜ◴઼ǧǯᓻ╅ɪʁɴȢۂࡌǷǝț۞ඹ

ǜǒȚ ǛǴ ɂɚɩɪʁɴǾᓻ╬᤺ǿঘǝǟ᚜ଧǧǺǔǣǸǜቄǷǝț

κ᧸ɝȫɳɇɲɻȸǽệእ

⬓пঃሡൗǾλ᧹ɞȬɴɈɳɼȹǾչⲳỈኦȢ⒚ ǻᰴǩ ⒚ ǻǿ Ǿ⬓пȢ

ͩˁǷɂɚɩɪʁɴǸ઼ǧǯỈኦ Ȣආ᧹ǧǯɪʁɴɞȬɴɈɳɼȹǷ઼

ǧǯỈኦ Ǹ Ȣλ᧹ǧǯỈኦȢᰴǩ

ᓻ╅ɪʁɴǻ⬅ǧǶǿ Ǿ⬓пȢ ͩˁǷɂɚɩɪʁɴǸ઼ǩț࣡ᛢǛș

ͩˁǷɂɚɩɪʁɴǸ઼ǩț࣡ᛢǻঃሡǧǯỈኦ ᓻ╬᤺ǿ ǸǺȚ ⬓пঃሡ

֮Ǿ Ǹᕊ⠀ǧǶᓻ╬᤺ǜ᚜ଧǧǯ ǧǛǧ ǸẼȏ۱ȟǫțǣǸǷ

ǜ◴઼ǧǯᓻ╅ɪʁɴ ⢢˜ ⢢Ȣᓻǧǟ઼ǧǶǚȚ Ǹǔǖᓻ╅ɪʁɴǾᓻ

╬᤺ȢൢǶǔțǣǸǛș ǻȘǳǶ Ǿᓻ╅ɪʁɴǾ◴઼Ȣⓞǖ̘ǜǷ

ǝǯ ǜ◴઼ǧǯɪʁɴǿ ᓻ╅ɪʁɴǾ˜ǷɪʁɴǾɂɚɩ᤺ǜⶳǔɪʁɴ

Ƿǒț ɂɚɩɪʁɴǾᓻ╬᤺ǿλ᧹Ȣ⒆ǖǣǸǷ Ǹ ȘȚȒΣ˂ǧǯǜ

Ǹǔǖᓻ╬᤺ǿ ⯎ɪʁɴ֑᧹ ǻǸǳǶ▟ǷǝțᶾࡖǷǿǺǔǛǸǘșȜț
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⒙ 4 ⬓пঃሡൗǾ Ǿ઼Ỉኦ

λ᧹ɞȬɴɈ

total

spam

ham

spam

spam

ham

ham

spam

ham

 

༖ƽǜ့ጤǩțɂɚɩɪʁɴɞȬɴɈǿ λ᧹ǩțɞȬɴɈǾǭȜǮȜǜᨶǺțಐǷ

઼Ȣ⒆ǖ̘ǻȘȚ ʷᅁǜ◴઼ǧǶǧȎǳǯᓻ╅ɪʁɴȢȒǖʷᅁǜᓻǧǟ઼Ƿǝț۞

ඹȢᰴǧǶǔț ᓻ╅ɪʁɴǚȘȃ⢃อɪʁɴǾ˔ᅁǾչⲳᓻ╬᤺Ǿⶳǔ Ȣආ

᧹ǧǯɪʁɴɞȬɴɈǾ◴઼Ȣ᚜șǧ ֑᧹ ǻǸǳǶርȒ⦕┷Ǻᓻ╅ɪʁɴǾ᤺ۂࡌȢ
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