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OwW|t xOy=Wt 1 |x]@=Q QO CkO =@ "CU= pu w pi ẁkw p=tDL= =@ |=yp@tU
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%R= CU= CQ=@a swrat p=kDv= T} QD=t

&`@vt p=kDv= T} QD=t x@ xHwD =@ |RtQ T}rQD Q=Owtv s}UQD �
&w[a Mp =@ uQ=kDt |=yp=vo}U xawtHt l} ?=NDv= �

&=yp=vo}U |xawtHt R=Qi= �
QO p=tDL= xv}W}@ =@ |=yp@tU x@ xrY=i u} QDW}@ |=Q=O |=yp=vo}U ?=UDv= �
u=Um} Cr=L Qy x@ |OwQw |=yp=vo}U u=mtq=|DL xm |wLvx@ '`@vt Cr=L Qy

&OvW=@v
&|Q=PoRtQ Qw_vtx@ `@vt T}rQD Q=Owtv R= xO=iDU= �

&`@vt \UwD xOWO}rwD p@tU =@ Q_=vDt p=vo}U p=UQ= �
|=yxN=W x@ xDi=}X=YDN= |=yp=vo}U R=|Di=} QO p=vo}U |xrY=i |x@U=Lt �

&=yp@tU ẁkw p=tDL= =@ ?U=vDt xOWx@U=Lt pY=wi Q}}eD w T}rQD
=@ xr=@vO u}}aD w `@vt T}rQD Q=Owtv x@ xHwD =@ |Di=} QO |xr=@vO |Q=OQ@ RtQ �

"xrY=i u} QDsm

"`@vt |RtQ uw}UqwOt VwQ |R=Ux}@W QO xO=iDU= OQwt x_i=L =@ xDUUo `@vt Q=yJ |Q=t; C=YNWt "1 pwOH
xQ=tW C=YNWt `@vt p=kDv= TQD=t

|BwQDv; |ovwRi=
`@vt `@vt `@vt |@Uv

�bits/sym� `@vt

1
hwmQ=t `@vt 266664

0 2(A) 0 0 5(B) 0 3(C)
0 1(D) 0 2(A) 0 2(B) 0 5(C)
0 3(A) 0 0 0 7(C)
0 1(B) 0 9(A) 0 0

377775 1 154 0 733|r@tUQ=yJ
fA;B;C;Dg
xDr=LQ=yJ w

2
hwmQ=t `@vt 2664 0 2(A) 0 5(B) 0 3(C) 0

0 1(C) 0 3(D) 0 5(A) 0 1(B)
0 1(A) 0 3(B) 0 2(C) 0 4(D)

3775 1 613 0 2399|r@tUQ=yJ
fA;B;C;Dg
xDr=LQ=yJ w

3
hwmQ=t `@vt

266666664
0 5(A) 0 2(B) 0 0 2(C) 0 1(D)

0 0 5(B) 0 5(C) 0 0
0 05(D) 0 7(B) 0 15(C) 0 1(A) 0

0 0 0 1(D) 0 0 9(A)
0 1(C) 0 0 4(D) 0 2(A) 0 3(B)

377777775 1 1794 0 694|r@tUQ=yJ
fA;B;C;Dg
xDr=LGvB w

4
hwmQ=t `@vt

26666666666666664

0 2(A) 0 0 5(B) 0 3(C) 0 0 0 0
01(D) 0 2(A) 0 2(B) 0 5(C) 0 0 0 0
01(A) 0 1(B) 0 15(C) 0 15(D) 0 2(E) 0 2(F ) 0 05(G) 0 05(H)

0 0 0 0 0 3(G) 0 0 0 7(D)
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|xQy@ Q=Okt x@ uOWl}ORv u=mt= 'X}YND p@=k |=yp=vo}U O=OaD xH}DvQO w

"OwW|t QDW}@ |@=}CUO p@=k p=v=m |Q=PoRtQ

"`@vt |RtQ uw}UqwOt QO 8PSK w 4PSK |=yp=vo}U |Q=Pos=v "1 pmW

|r@tUQ=yJ |x_i=L=@ `@=vt |=Q@ `@vt |RtQ uw}UqwOt VwQ OQmrta "2 pmW
"4PSK xOWvRtQ uw}UqwOt |=Q=O sDU}U =@ xU}=kt QO

|r@tUCWy|x_i=L=@`@vtl}|=Q@`@vt|RtQ uw}UqwOtVwQ OQmrta "3pmW
"8PSKxOWvRtQ uw}UqwOt =@ sDU}U =@ xU}=kt QO

"CU= p@tU u; p=UQ= u=tR �c w 'p@tU l} O}rwD u=tR �s 'u; QO xm
H (Ps(e)) = �Ps(e) logPs(e)� (1� Ps(e)) log (1� Ps(e))
=@ AWGN p=v=m l} C}iQ_ "CU= R} wv x@ p=vo}U C@Uv R= |a@=D p=v=m C}iQ_

[35]%OwW|t x@U=Lt 5 |x]@=Q R= 'BW Ov=@ |=vyB
C = BW log2
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u=wD|t 5 w 4 |=yx]@=Q ltm =@ u}=Q@=v@ "CU= R} wv x@ p=vo}U C@Uv SN 'u; QO xm
x@ `@vt |B wQDv; =@ ?U=vDt R=}v OQwt R} wv x@ p=vo}U C@Uv |=Q@ u}}=B u=Qm l}
uwO@ Cr=L =@ u=Um} Ov=@ |=vyB� BW = 1 w �s = �c ZQi =@ "OQw; CUO
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N
� 2(H(X)�Ps(e) log(M�1)�H(Ps(e))) � 1 (6)
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1. additive white gaussian noise
2. maximum a posteriori
3. phase shift keying
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