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Ὓůɨɜɞɚɞ əŬɘ ὥȟὥȟȣȟὥ ɛɑŬ ŭɘŬŰŮŰŬɔɛɏɜɖ ὶ-ɎŭŬ
ůŰɞɘɢŮɑɤɜ Űɞɡ Ὓɧɢɘ ŬɜŬɔəŬůŰɘəɎ ŭɘŬűɞɟŮŰɘəɩɜ ɛŮŰŬɝɨ 
Űɞɡɠ:

ὥȟὥȟȣȟὥ ᶰὛ

ὥȟὥȟȣȟὥ : ὶ-ŭŮɑɔɛŬ (ὶ-sample) Űɞɡ Ὓ

Ʉɚɐɗɞɠ ὶ-ŭŮɘɔɛɎŰɤɜ Ůɜɧɠ ὲ-ůɡɜɧɚɞɡ: Ὓ Ὓ ὲ



ȹŮɘɔɛŬŰɞɚɖɣɑŬ ɛŮ ŮˊŬɜɎɗŮůɖ (sampling with 

replacement): ȷˊɧ Ŭɟɢɘəɧ ˊɚɖɗɡůɛɧ n ŬɜŰɘəŮɘɛɏɜɤɜ 

ŮɝɎɔɞɡɛŮ ŭŮɑɔɛŬ r ŬɜŰɘəŮɘɛɏɜɤɜ 

¶ ɄŬɑɟɜɞɡɛŮ ɏɜŬ-ɏɜŬ ŬɜŰɘəŮɑɛŮɜɞ, Űɞ əŬŰŬɔɟɎűɞɡɛŮ əŬɘ 

Űɞ ŰɞˊɞɗŮŰɞɨɛŮ ˊɎɚɘ ˊɑůɤ ůŰɞɜ ˊɚɖɗɡůɛɧ 

¶ ȿŬɛɓɎɜɞɡɛŮ ɡˊɧɣɖ Űɖ ůŮɘɟɎ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ˊɞɡ 

əŬŰŬɔɟɎűɞɡɛŮ 

Ɉ́ Ɏɟɢɞɡɜ rn  Űɟɧˊɞɘ ɜŬ ˊɎɟɞɡɛŮ ŰɏŰɞɘɞ ŭŮɑɔɛŬ. 
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ɄɧůŮɠ ůɡɛɓɞɚɞůŮɘɟɏɠ (strings)ɡˊɎɟɢɞɡɜ 

ɛɐəɞɡɠ ὲůŮ ɏɜŬ ŬɚűɎɓɖŰɞɫ πȟρȟȣȟὯ ρȠ

ȺɑɜŬɘ ɏɜŬ ὲ-ŭŮɑɔɛŬ Ŭˊɧ ɏɜŬ Ὧ-ůɨɜɞɚɞ. 

ȯɟŬ Ὧ . 

ɇɘ ɛˊɞɟɞɨɛŮ ɜŬ ɛŮŰɟɐůɞɡɛŮ ɛŮ ὲbits; 
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Ὓȡὲ-ůɨɜɞɚɞ 

ὥȟὥȟȣȟὥ : ὶ-ŭŮɑɔɛŬ Űɞɡ ὛɏŰůɘ ɩůŰŮ ɧɚŬ ɜŬ ŮɑɜŬɘ 
ŭɘŬűɞɟŮŰɘəɎ ɛŮŰŬɝɨ Űɞɡɠ (ὶ ὲ):

ɇɧŰŮ ɏɢɞɡɛŮ ɛɑŬ ὶ-ɛŮŰɎɗŮůɖ (ὶ-permutation)

Ʉɚɐɗɞɠ ὶ-ɛŮŰŬɗɏůŮɤɜ Ůɜɧɠ ὲ-ůɡɜɧɚɞɡ: 
ὖὲȟὶ ὲẗὲ ρẗȣẗὲ ὶ ρ



ȷɜ ὶ ὲŰɧŰŮ: ɛŮŰɎɗŮůɖ ὲůŰɞɘɢŮɑɤɜ

Ʉɚɐɗɞɠ ɛŮŰŬɗɏůŮɤɜ ὲůŰɞɘɢŮɑɤɜ:

ὲȦ:ὲ-ˊŬɟŬɔɞɜŰɘəɧ (ὲ-factorial)

ὖὲȟὲ ὲȦ ὲẗὲ ρẗȣẗρ Ὥ
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ȹŮɘɔɛŬŰɞɚɖɣɑŬ ɢɤɟɑɠ ŮˊŬɜɎɗŮůɖ (sampling without 

replacement): ȷˊɧ Ŭɟɢɘəɧ ˊɚɖɗɡůɛɧ n ŬɜŰɘəŮɘɛɏɜɤɜ 

ŮɝɎɔɞɡɛŮ ŭŮɑɔɛŬ r ŬɜŰɘəŮɘɛɏɜɤɜ: 

¶ ɄŬɑɟɜɞɡɛŮ ɏɜŬ-ɏɜŬ ŬɜŰɘəŮɑɛŮɜɞ, Űɞ əŬŰŬɔɟɎűɞɡɛŮ 

ɢɤɟɑɠ ɧɛɤɠ ɜŬ Űɞ ŰɞˊɞɗŮŰɞɨɛŮ ˊɎɚɘ ˊɑůɤ. 

¶ ȿŬɛɓɎɜɞɡɛŮ ɡˊɧɣɖ Űɖ ůŮɘɟɎ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ˊɞɡ 

əŬŰŬɔɟɎűɞɡɛŮ 

Ɉ́ Ɏɟɢɞɡɜ ),( rnP  Űɟɧˊɞɘ ɜŬ ˊɎɟɞɡɛŮ ɏɜŬ ŰɏŰɞɘɞ ŭŮɑɔɛŬ. 



Aɜ },,,{ dcbaS= , 4==Sn , ŰɧŰŮ ŰŬ 3-ŭŮɑɔɛŬŰŬ ˊɞɡ 

ɛˊɞɟɞɨɜ ɜŬ ůɢɖɛŬŰɘůŰɞɨɜ ŮɑɜŬɘ (ɔɟɎűɞɡɛŮ ɔɘŬ ŬˊɚɧŰɖŰŬ 

321 aaa  ŬɜŰɑ ɔɘŬ ),,( 321 aaa ): 
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aaa aca baa bca caa cca daa dca 

aab acb bab bcb cab ccb dab dcb 

aac acc bac bcc cac ccc dac dcc 

aad acd bad bcd cad ccd dad dcd 

aba ada bba bda cba cda dba dda 

abb adb bbb bdb cbb cdb dbb ddb 

abc adc bbc bdc cbc cdc dbc ddc 

abd add bbd bdd cbd cdd dbd ddd 

6443 =



Á3-ɛŮŰŬɗɏůŮɘɠ:
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24234)3,4( =ÖÖ=P

abc bac cab dab 

abd bad cad dac 

acb bca cba dba 

acd bcd cbd dbc 

adb bda cda dca 

adc bdc cdb dcb 
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Ὓȡὲ-ůɨɜɞɚɞ 

ὥȟὥȟȣȟὥ : ὶ-Ůˊɘɚɞɔɐ ɧˊɞɡ Űɞ əɎɗŮ ůŰɞɘɢŮɑɞ ɏɢŮɘ 
ˊɞɚɚŬˊɚɧŰɖŰŬ 1

ȼ ůɡɚɚɞɔɐ (ɡˊɞůɨɜɞɚɞ Űɞɡ Ὓ) ɞɜɞɛɎɕŮŰŬɘ ὶ-ůɡɜŭɡŬůɛɧɠ 
(ὶ-combination)Űɤɜ ὲůŰɞɘɢŮɑɤɜ.

Ʉɚɐɗɞɠ ὶ-ůɡɜŭɡŬůɛɧɠ Ŭˊɧ ɏɜŬ ὲ-ůɨɜɞɚɞ Ὓ:

ὅὲȟὶ
ὲ
ὶ

ὖὲȟὶ

ὶȦ

ὲȦ

ὲ ὶȦὶȦ



ȷɟɘɗɛɞɑ Űɖɠ ɛɞɟűɐɠ     
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ɞʚʉɻʅ ʈʚɻ ɻʌʝɿʀʅʊʂ ʌʋʑ ʔʍʂʎʅʈʋʌʋʅʀʚ 
ʌʍʋʐʗʎʀʅʏ ɻʌɻʍʚʃʈʂʎʂʏ ɾʅɻ ʉɻ ɻʌʋɿʀʚʊʀʅ ʝʐʅ 
ʆɻʅ ʋʅ ɿʞʋ ʌʇʀʑʍʘʏ ʐʂʏ ʅʎʝʐʂʐɻʏ ɻʌɻʍʅʃʈʋʞʉ 
ʐʋ ʚɿʅʋ ʌʍʝɼʇʂʈɻ ʈʀ ɿʅɻʒʋʍʀʐʅʆʋʞʏ ʐʍʝʌʋʑʏȢ
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Ȧ

ȦȦȣ Ȧ
, ὶ ὶ Ễ ὶ ὲ

ὥ ὥ Ễ ὥ ȟʎʑʉʐʀʇʀʎʐʙʏʎʐʋ‌ ‌ Ễ‌

ɀŮŰŬɗɏůŮɘɠ ɛŮ ȺˊŬɜɎɚɖɣɖ



ɄɧůŬ ŭɘŬűɞɟŮŰɘəɎ ŬɚűŬɟɘɗɛɖŰɘəɎ ɛˊɞɟɞɨɜ ɜŬ űŰɘŬɢŰɞɨɜ 

Ŭˊɧ ŬɜŬŭɘɎŰŬɝɖ Űɤɜ ɔɟŬɛɛɎŰɤɜ Űɖɠ ɚɏɝɖɠ ȾȷȾȷȾȽȷ.

ȿɨůɖ:ɈˊɎɟɢɞɡɜ 7 ŭɘŬűɞɟŮŰɘəɏɠ ɗɏůŮɘɠ ɔɘŬ 3 Ⱦ, 3 ȷ əŬɘ 1 Ƚ.

ÁɇŬ 3 Ⱦ ɛˊɞɟɞɨɜ ɜŬ ŰɞˊɞɗŮŰɖɗɞɨɜ ɛŮ C(7,3) ŭɘŬűɞɟŮŰɘəɞɨɠ 

Űɟɧˊɞɡɠ.

ÁɇŬ 3 ȷ ɛˊɞɟɞɨɜ ɜŬ ŰɞˊɞɗŮŰɖɗɞɨɜ ɛŮ C(4,3) Űɟɧˊɞɡɠ.

Áɇɞ Ƚ ɛˊɞɟŮɑ ɜŬ ŰɞˊɞɗŮŰɖɗŮɑ ɛŮ C(1,1) Űɟɧˊɞɡɠ. 

ȷˊɧ Űɞɜ əŬɜɧɜŬ Űɞɡ ɔɘɜɞɛɏɜɞɡ Űɞ ˊɚɐɗɞɠ ŮɑɜŬɘ:

χ
σ
τ
σ
ρ
ρ

συɇτɇρ ρτπ
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Ὓȡὲ-ůɨɜɞɚɞ 

ὥȟὥȟȣȟὥ : ɛɖ-ŭɘŬŰŮŰŬɔɛɏɜɖ ůɡɚɚɞɔɐ Ŭˊɧ ὶůŰɞɘɢŮɑŬ Űɞɡ 
Ὓɧɢɘ ŬɜŬɔəŬůŰɘəɎ ŭɘŬűɞɟŮŰɘəɎ ɛŮŰŬɝɨ Űɞɡɠ.

ȼ ůɡɚɚɞɔɐ ɞɜɞɛɎɕŮŰŬɘ ὶ-Ůˊɘɚɞɔɐ (ὶ-selection)Űɞɡ Ὓ.

ɇɞ ˊɚɐɗɞɠ Űɤɜ ŮɛűŬɜɑůŮɤɜ Ůɜɧɠ ůŰɞɘɢŮɑɞɡ ůŰɖ ůɡɚɚɞɔɐ ŮɑɜŬɘ 

ɖ ́ɞɚɚŬˊɚɧŰɖŰɎŰɞɡ.

Ʉɚɐɗɞɠ ὶ-ŮˊɘɚɞɔɩɜŰɞɡ Ὓ:

ὅὲ ὶ ρȟὶ
ὲ ὶ ρ
ὶ



ÁɄɧůŬ ŭɘŬűɞɟŮŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊŬɑɟɜɞɡɛŮ 
Ŭɜ ɟɑɝɞɡɛŮ 6 ɑŭɘŬ ɕɎɟɘŬ;

Án=6, r=6:

Áȼ ˊŬɟŬəɎŰɤ Ůɝɑůɤůɖ ˊɧůŮɠ ɚɨůŮɘɠ ɏɢŮɘ; (ɛɖ 
ŬɟɜɖŰɘəɞɑ Ŭɟɘɗɛɞɑ);
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},,,{ dcbaS= 4==Sn

3-Ůˊɘɚɞɔɏɠ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ůɢɖɛŬŰɘůŰɞɨɜ: 

 (ɔɟɎűɞɡɛŮ ɔɘŬ ŬˊɚɧŰɖŰŬ 321 aaa  ŬɜŰɑ ɔɘŬ },,{ 321 aaa ): 

aaa bbb ccc ddd 

aab aac aad  

bba bbc bbd  

cca ccb ccd  

dda ddb ddc 

abc abd acd bcd 

20
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ȷˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ Ůˊɘɚɞɔɏɠ ŬɡŰɏɠ ɛɧɜɞ ɞɘ: 

abc abd acd bcd 

ŬˊɞŰŮɚɞɨɜ 3-ůɡɜŭɡŬůɛɞɨɠ Ŭűɞɨ ŰŬ ůŰɞɘɢŮɑŬ Űɞɡɠ 

ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɎ əŬɘ Űɞ ˊɚɐɗɞɠ Űɞɡɠ ŮɑɜŬɘ 

4
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ɦɚɢ ɨɯɢ

ɦɚɢ r-ɿʀʚɾʈɻr-ʈʀʐʗʃʀʎʂ

ɨɯɢ r-ʀʌʅʇʋɾʙr-ʎʑʉɿʑɻʎʈʝʏ

ȺˊŬɜŬŰɞˊɞɗɏŰɖůɖ;

ɀŮŰɟɎŮɘ 

ɖ ůŮɘɟɎ;



ɲʇʇʋ ʌʍʝɼʇʂʈɻ ʈʘʐʍʂʎʂʏȣ
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