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3.1 |VƄ�ăſ|VĈ�

! |VƄ�ă (3.1.1) ſƅ:  
87!Ƅº�ƄY2Ũ�ú 
" £şƁ�ť�ž>ŲŠ|VšĝƶƨƤǁơĞŨ�ƖƔ�
ř  Š�ÜšƗĀƔěĤěŠ�ÜƄƞưǁšƗĀƔ�
ř  ĕ\ƶǁƼƗĀƔ�

" �ÜƄ¸¾ÃƁÏ1ƅ�úžƁţ�
! |VĈ (3.1.2): |VƗ8Ŭ7źŷ/ Ɨ´Ɣ 

" ƶƨƤǁơįěŠ�Jƅ��:ŧƒ)ėųƔš�
" ŮƄƶƨƤǁơƄ/ ƗĈžé½ųƔſĳ�
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|VƄ�ăſ�ă�ª�

! BŰƘŨ8Ŭ7Ɣ|VƅƀŹƒƄW=Ǝ>Ų 
! ¸¾ÃƁ�ÜƄÏ1ƅ·č� 

" ĴŰƘƄ�#ŧƒ�ÜŨ±ťƔŮſƅ�úžƁţ�

�ÜL 

�ÜL �ÜL 

�ÜL 
A AB   B   

(a)�ÜƗĀƔW=� (b)�ÜƄƞưǁƗ
ĀƔW=�

�ÜL' 
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|VƗ8Ŭ7źŷ/ ſƅ? 

! Æ�ÃƁø� 
" |VƗ8Ŭ7źŷW=�
ř  å*ƂsĖŨŢƔŝŮƕƋžÉƒƁŧźŷ
bƗÉ
źŷ�

ř  ƁƘƒŧƄ+�Ƅ��ƂžũƔ
bƗÉźŷ�

" |VƗ8Ŭ7źŷſðţĔţW=�
ř  čwƄƁţ�ÜƗ8Ŭ7źŷěĝŇģŉģěÿ}ƶƚƼĞ�

! |VƗ8Ŭ7Ɣ/ ƅŝ8Ŭ7ƔƄŠº�šſč
�ŨŢƔ 

! ƶƨƤǁơƄ/ ƗŠ|VĈšſűŽé½űŷţ�
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|VƄĈƅ�ž´ƔƉũŧ�

!  �]�žƅÆ�Ƃ6ųƔ 
"  Ħĥĥĥ�]ƄƦƚƽƝƪƶǁƼěœőģěĦĥĥ�]ƄŠ|VšóęD
ė�

" ��Ƅ��Ƅ[«ěœőģě��ƄƱƛƭƢƙƚƽƢƄ[«ś
Ŝě8Ŭ�ƂſźŽƄtÓŹpŨĄŤ�

" ,JƄƼǁƽƨƪƄÅěœőģ¥JƄƼǁƽƨƪƄÅś
Ŝě8Ŭ�ŨųžƂÉźŽţƔŧƀŤŧŨĄŤ�

" ƟƚƞƾƄ¥ƄÅěœőģěƼǁƽƨƪƄ¥ƄÅś
ŜěƼǁƽƨƪƄ�Ũ��ŨĚţĳ�

!  Æ�Ƃ=Ť|VƄĈƄŢƔƉũzú 
" 8Ŭ�ŨÉźŽţƔŧƀŤŧƗ6�űŷƎƄ�
" 8Ŭ�ƄtÓŹpĤ��Ɨ6�űŷƎƄ�
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|VƄ�� = W=Ƅ�Ƅ²hĈ�

!  ŦŦƋŧƁ_ß: |VƄ��ƅŝ8Ŭ�Ƅą�ãƗƀƕŸ
Ŭ²ƒųŧž´Ɣ 
"  Ħĥĥĥ�]ƄƦƚƽƝƪƶǁƼěœőģěĦĥĥ�]ƄŠ|VšóęD
ėś
Ŝěą�ãįě�Ì�ƄƀƄƳǁơƗ0qųƔŧ�

" ��Ƅ��Ƅ[«ěœőģě��ƄƱƛƭƢƙƚƽƢƄ[«ś
Ŝěą�ãįěƀƄ�ƗÈƔŧ�

" ,JƄƼǁƽƨƪƄÅěœőģ¥JƄƼǁƽƨƪƄÅś
ŜěųžƂÉźŽţƔ|Vƅą�ãƗ²ƒŰƁţ�

" ƟƚƞƾƄ¥ƄÅěœőģěƼǁƽƨƪƄ¥ƄÅś
Ŝěą�ãƄ�įěīŜĦěœőģěĦĥĥŜĦ�

!  �ďŝŠą�ãƄ�šž3Û2 
�
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óęƂčųƔ|VƄ���

! ÌÅŠ©:šƄóę 
" ��:ŝ�°:ŝì°:ŝƙƶƻƜ:Ƅƀƕŧ�Ż
Ũ)ė�

" 
,ƂƅƀƕŨ)ėŰƕƔŧƅ*ŧƒƁţ�

! ƶƨƤǁơ: Š�Jƅ��:ŧƒ)ėųƔš 
! ºƄY2 

" 
,įě��:ŧƒƙƶƻƜ:ƄĩÑĘ%ĆƄóę0
qŨxížŢƔ�

" 
uįě��:Ƅ0qŸŬžųƌ�
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ƶƨƤǁơƂƑƔW=Ƅ�ƄY2�

�À: 
3 


,º� 
4 

��: 
1 
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W=Ƅ�ƂUżŪ|VĈ(Ƅ�ë) 

! ¢1: k 
" _ßįě
,ƄW=Ƅ�ěŘě
uƄW=Ƅ��
" Dė¶įěĦĥĥěŜěĮĬěƄW=ſěĩěŜěĦěŨ>Ų��ĳ�

! ¢2: C 
" _ßįě
,ƄW=Ƅ�ěĤě
uƄW=Ƅ��
" Dė¶įě|VĈƄ.®zĝuþĞƗµŷŰƁţ�

! ¢3: CƄf� 
" _ßįěŋŎŉĝ
,ƄW=Ƅ�ěĤě
uƄW=Ƅ�Ğ�
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|VĈƄ.®z�

! |VƗ�pƂ8Ŭ7źŷW= (A) 
" ƶƨƤǁơĴįěŠƙƶƻƜ:Ɨ)ėųƔšś
W=Ƅ�ěĩěŜěĦ�

! *-űŽ8Ŭ7źŷW= (B+C) 
" ƶƨƤǁơĵįěŠ�À:Ɨ)ėųƔšś
W=Ƅ�ěĩěŜěĨ�

" ƶƨƤǁơĶįěŠ�°:ſì°:ƅ)ėűƁţšś
W=Ƅ�ěĨěŜěĦ�

! |VĈ(A) = |VĈ(B)Ǆ|VĈ(C) ſűŷţ�
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W=Ƅ�ƂUżţŷ|VĈƄ_ß�

! _ß:  
log2(
,ƄW=Ƅ� / 
uƄW=Ƅ�) 

! 3�: Ưƨƪ (bit) 
! zú 

" W=Ƅ�ŨZũŪ²ƔÐ�ŨZũţ�
" oŨħƁƄžś
�á��ĝW=Ƅ�ŨħŧƒĦƂƁƔW=ĞƂěĦģĥ�

" |VĈƄ.®zƗµŷų�
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|VĈƄ.®zƄËõ�

 
log2(4/3) 

 
log2(3/1) 

 
log2(4/1) 
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|VĈƄ_ß�

! _ß: māƓƄą�ãƗnāƓƂ²ƒų|VƄĈ 
log2(m/n) (Ưƨƪ) 

" ƟƚƞƾƄ¥ƄÅě�
" ƼǁƽƨƪƄ¥ƄÅ�
" Ĩ¡ƄaÙƄ�ħ¡�
" ,JƄƼǁƽƨƪƄÅ�
" ƞƚǀ�ŭƄêé�

ŋŎŉħĝīĤĦĞě!ěħģĪĮěƯƨƪě�

ŋŎŉħĝĦĥĥĤĦĞě!ěīģīĩěƯƨƪ�

ŋŎŉħĝĦĥĥĥĤĦĥĞě!ěīģīĩěƯƨƪ�

ŋŎŉħĝĦĤĦĞěıěĥěƯƨƪ�

ŋŎŉħĝħĤĦĞěıěĦěƯƨƪ�
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|VĈƄ.®z�

! 2ŻƄ|VƗƋſƍŷ|VƄ|VĈ 
  = �şƄ|VĈƄB 

 
 

" �įěĨ¡ƄaÙ�
�

ħĥƯƨƪ� ĨĥƯƨƪ� ĪĥƯƨƪ�

?34 

log2(1000/10) ! 
6.64 Ưƨƪ�

8?? 

log2(1000/100) 
! 3.32 Ưƨ

ƪ�

834 

log2(1000/1) ! 
9.97 Ưƨƪ�+  = 
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W=Ƅ�ŧƒË»ƈ�

! �ė: ÌÅŠ©:šƄóę (�) 
" ��:ŝ�À:Ƅƀƕŧ�ŻŨ)ėŰŵƔ�
" 
,ƂƅƀƕŨ)ėŰƕƔŧƅ*ŧƒƁţ�
" �À:ŨĬĪĜŝ��:ěƅħĪĜž)ėŰƕƔ�

! ƀŹƒŨ��ŨĚţƶƨƤǁơŧ? 
" Š�À:Ũ)ėŰƕƔš�
" Š��:Ũ)ėŰƕƔš�

! W=Ƅ�ƄY2ƅƀŹƒƎ>ŲŸŨ… 
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Ë»ƂUżŪ|VĈƄ_ß�

! _ß: -log2(Ë») 
! 3�: Ưƨƪ (bit) 
! zú 

" Ë»Ũ�ţŮſƗ�ťƔƶƨƤǁơƊƀZũţś
Ë»ĦģĥěŜě|VĈěĥġěË»ĥģĪěŜě|VĈěĦģĥś
Ë»ěĥģħĪěŜě|VĈěħģĥġěË»ĥěŜě|VĈ·ĐZ�

" ņģňģě¹ŨČƗGƘŸěœģőģěČŨ¹ƗGƘŸ�
" W=Ƅ�ƂUżŪ_ßƄ�æ2įś
%ŽŨ×Ë»žûŮƔ�ƅŝW=Ƅ�Ƅ_ßſ>Ų�
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lS|VĈ�

!  lS|VĈ 
-  p1*log2(p1) - p2*log2(p2) - ... 
-  ��:: 25%,�À:: 75%ƄW= 

"  ĢĥģħĪěŋŎŉħĝĥģħĪĞěĢěĥģĬĪěŋŎŉħĝĥģĬĪĞ�
ıěĥģħĪğħěĠĥģĬĪğĥģĩĦĪ�

ıěĥģĭĦĦěİěĦ�

"  ĦĢĥģĭĦĦıĥģĦĭĮƅƸƵƄ*�
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Ɲƚƣ�

[ÎƗ�źŽ9�Ƅƞƚǀŧƒ"¸ƗîŻŬƔŷƍ
Ƅ�gJ�ƅ? 
" î�Ŭƅ%Ū>ŲěĤěĦ�Ũ"¸ěĤěś
�¸ƄćŰƅ%Ž>ŲěĤě"¸ƅ�¸ƑƓýţ�

�

" �®ĦĞěĴěœőěĵġěĴěœőěĶġěĴěœőěķġěģģģġěĴěœőěļěĝ�{ĭJĞ�
ř  bƅĭJÅƅ�íĝĴǐĻŨ>ŲŜļŨ"¸Ğ�

" �®ħĞěĴěœőěĵġěĶěœőěķġěĸěœőěĹġěĺěœőěĻěĝ�{ĩJĞ�
" �®ĨĞěĴĵĶěœőěķĸĹěś
� �ŜěĴĵĶŨýŧźŷƒěĴěœőěĵěĝħJĞ�
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|VĈŧƒƄàe�

! ñ´1JƄ|VĈ: ��Ũćţ/ýţ/>ŲƄ3ā
ƓŜ log2(3) ! 1.58 Ưƨƪ 

! "¸Ƅ^RųƔW=Ƅ� 
" Į�	Ħ�ŸŬýţįěŋŎŉħĝĮĞě!ěĨģĦĬěƯƨƪ�

�� �ŜěĨģĦĬĤĦģĪĭěıěħJž*ŧƔ�

" Į�	Ħ�ŸŬýţŧćţįěŋŎŉħĝĮŔħĞě!ěĩģĦĬěƯƨƪ�

�� �ŜěĨěĲěĩģĦĬĤĦģĪĭěĲěħěŜěĨJ���

" ĦĨ�	įěŋŎŉħĝĦĨŔħĞě!ěĩģĬěƯƨƪ�

�� �ŜěĨěĲěĩģĬĤĦģĪĭěĲěħěŜěĨJ���

" ĦĨ�	ħ�įěŋŎŉħĝĦĨŔħŔĦħŔħĞě!ěĮģħĮěƯƨƪ�

��ŜěīěĲěĮģħĮĤĦģĪĭěĲěĪěŜěĪJ���
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|VĈƄkÂƄy¿ǎÕ;2ſ|VĈ�

! |Vƅ0,1ƄÕ;žéŰƕǅ�ăŰƕƔ 
! �ĀĂpŨ�_ƁƒƆǅgŰţƩǁƥƊƀ�Ū�Ā
žũƔ 
" Ʃǁƥƅv#9äƁƑŤƂQÝűŽ�ĀųƔ�

! �ǎ�m*Ƅóę)ė|VƗÕ;2ųƔW=ǅ¼
űţ|VƂƅĊţÕ;Ɨǅ¼űŪƁţÕ;ƂƅÊţ
Õ;Ɨ-ƓrŽƔǆ 
" lSÕ;ĊǏŗǂÕ;ĊŊŖË»ŏĞ�
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Õ;2ſ|VĈǂ�ǃ�

!  lSÕ;ĊǏ0ǆ844 
"  Ħm*ƄóęƄ|VƗéųÕ;ĊǂǏĦǃƑƓlSÕ;
ĊŨÊŪƁźŽţƔ�

ǉ�ǈ�ǍǇǉǌ��À:Ǆ�À:�

Ǌ�ǉǈ�ǋǇǉǌ��À:Ǆ��:�

ǋ�ǉǉǈ�ǋǇǉǌ���:Ǆ�À:�

ǋ�ǉǉǉ�ǉǇǉǌ���:Ǆ��:�

Õ;Ċ�Õ;�Ë»�)ė�

Copyright © the University of Tokyo < 22 > 

3.2 |Vā��

! ƲƾƪƞƼ (3.2.2) (a) 
" ā�ƄĒƄ¬ƍůſ�

! ā�ƄÍdſÇ�Ƅõò (3.2.3) (a) 
" �;ěÄâƗĎū�
"  ĝõòěā�5.áƄü#Ƅ�òĞ�
"  ĝÞ?ěā�(cƄ�ÒƄĎ¦ŝ@õƄĎ¦Ğ�
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ā�ƲƾƪƞƼ�

!  ¬ƍƒƕŷÑĘƄ|VƗ�ťƔW=ƂƅŝŢƒŧŲƍ�ť
�ƂÚ�
ŨŢƔ 
" �Ğ�Üįě`?Ɨ�ŪW�ŝŠ«�šŝk)Ɨ�ŪW�ŝ��
Ɨ�ŪW�ŝ×şś
ŜěČĄťƔſiŧƁŧźŷƓŝ÷ïŰƕŷƓ�

!  ƚǀƥǁƬƨƪƄā�ƂƎŝÑĘƂƑźŽÚ�
ŨŢƔ 
" �Ğěĕ\ƶǁƼįě`$ƄƶǁƼƙƫƽƢŝk)ƄƶǁƼƙ
ƫƽƢŝ��Ɨ�ŪW�ŝ×ş�

" �ĞěńńńįěŃŀĽġěƩǁƥƄZũŰġěƩǁƥƄÑĘġě��Űƕŷ
��ġěðöŝ×ş�

Ŝ ƲƾƪƞƼſAƇ�
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ƲƾƪƞƼ (protocol) 

! ā�Ƅ~LƗ¾ïųƔŷƍƄ¬ƍůſ 
" ĕôŠƎűƎűšġěƪƺǀƠǁƮŠƀŤŶš�

! ƞǀưƹǁƥ>XƄā�: ČƄW=ƑƓ4d 
" ńńńěĝĻłłĿǅĻŕŏŇŐłŇŔŒěłŐŅōőňŇŐěĶŎōŒŐŎŋěĿģĞ�
" ĕ\ƶǁƼěĝŁľłĿġěŁŊŌŏŋŇěľŅŊŋěłŐŅōőňŇŐěĿģĞ�

! ƲƾƪƞƼƗ§űŪ�ťƆ¤HƂƑƒŴā�9ä�

Ɲƺƚƙǀƪ� ƟǁƮ�
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�;�

! l�: #ƄƩǁƥŞÖ�áƂùƋƕŷŪƁţƎƄ 
" Š��ƄƺǀƧƅƃŚš�

! �;�: Y�uƄƩǁƥŞÄâŰƕŽƎl�Ɨ(Ø
3Ƃƅ)7Ɠ)ŵƁţŞ 
" ŠFKEINP TOMŚš�

! �;2: l�ŧƒ�;�Ɨ��ųƔŮſ 
! v;: �;�ŧƒl�Ɨ7Ɠ)ųŮſ 
! ĉ: �;2Əv;ƄĒƂ¿ţƒƕƔƩǁƥ�
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'āĉ�;�

! �ŻƄĉž�;2ſv;2Ƅ��ƗèŤƷƩƼ 
" ĉƗÍdƂ�ŻxíŨŢƔ�
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&ċĉ�;�

! �;2ƄĉƗ&ċűǅv;2ƄĉƗÍdƂųƔ�®�
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3.4 ƚǀƥǁƬƨƪ�

! ƬƨƪƿǁƝƄē=�ſā� (3.4.1) 
! đjƲƾƪƞƼ (3.4.2) 
!  IPƙƫƽƢſƴǁƪÁ; (3.4.3) 
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3.4 ƚǀƥǁƬƨƪ�

! ƚǀƥǁƬƨƪƗ�źŽ2ŻƄƞǀưƹǁƥŨā�Ɨ
űŽţƔſũŝbĒƂƅƀŮž�ŨûũŽţƔƄŧ? 
¯~įě�

" ħŻƄƞǀưƹǁƥƅÆ�ŻƁŨźŽţƁţ�
" <ƞǀưƹǁƥƅŝ>�ƂçşƁÇ�ſā�űŽţƔ�
" >�ƂçşƁÑĘƄā�ƎűŽţƔěĝ�įěƶǁƼſ
ńńńĞ�

" �À	ƄƞǀưƹǁƥŨā�žũƔ�
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ƚǀƥǁƬƨƪƄā��

! ƚǀƥǁƬƨƪſƅnßƂƅŠƬƨƪƿǁƝƀŤűƗŻ
ƁţŸƬƨƪƿǁƝšƄŮſ 

! ƀŤƏźŽā�űŽţƔŧ? 
" ƚǀƥǁƬƨƪžā�ƗųƔW=ƅŝ|VƅçşƁƬ
ƨƪƿǁƝƗ³Ɠ¨ţŽƐŪ�

" �şƄƬƨƪƿǁƝƄ	žƅŝƞǀưƹǁƥƀŤűŨ
Æ�ā�žũƔ�

" ƬƨƪƿǁƝƀŤűƗŻƁū¤HƗŠƼǁƥšſƑƇ�


