2008 Advanced Coding Theorem HW#1 solution
1.

=0 =l = =3
(1.4,-1.6) (-0.9,-L.1) i (-1.1,-0.3) (-0.3,0.6)
(a) SOVA:
(1) t=0
S :M7([r|V =1],) =0+2*[1*1.4+1*(-1.6)]=-0.4

S, M7([r|V =-1],) =0+2*[(-1)*1.4+(-1)*(-1.6)]=0.4
(2) t=1

S, :M([r|V =11,) = 0.4+ 2*[1*(-0.9) +1*(-1.1)] = 3.6
M7 ([r|V =-1],) = 0.4+ 2*[(-1)*(-0.9) + () *(-1.1)] = -0.8

S, M*([r |V =1],)=0.4+2*(0.9+1.1)=4.4
M ([r |V =-1],)=-0.4+2*(-09+1.1) =0
Survivor of S; : -0.8
Survivor of Sp : 4.4
(3) t=2
S,:M *([r |V =1],) =-0.8+2*(0.3+1.1) =2
M *([r |V =-1],)=44+2*(-0.3+1.1)=6

S, M ([r|V =1],) =—0.8+2*(-0.3-1.1) =-3.6
M*([r|V =-1],) =4.4+2*(0.3-1.1) = 2.8

Survivor of S;: 6

Survivor of Sp : 2.8



(4) t=3

S, M ([r|V =1],) = 2.8+2*(0.3-0.6) = 2.2
M*([r|V =-1],) = 6+2*(-0.3—0.6) = 4.2

Survivor of S : 4.2

From survivor path, we can decode : (up, uj, Uy, uz)=(-1,-1,1,1)

A, =05%(4.2-2.2)=1,
A,=05*(6-2)=2
A, =05*(4.4-0)=22,
A, =X
L(uy) =—1*min(Ay, A, A, A;)=-1
L(u)=-1*min(A;,A,,A;)=-1
L(u,) =1*min(A,,A;) =1
L(u;) =1*min(A;) =1

(b) Max-log-MAP:

Vg(sovso) =0.2
73(50’ 5)=-0.2
}/1*(50, Sp) =2
71*(50131) =-2
7,(8,,8,) =0.2
7 (s,,8,) =-0.2
75(S5:8,) =—0.8
75(S,8,)=0.8
}/;(517 Sp)=-14
7;(51v s)=14
7;(50v S9) =—0.3
7;(51v Sp) =—0.9



g (S,) =0

a; (s,)=0.2
a,(s,)=-0.2
a,(s,) =22
a;(s;) =0
a,(s,) =14
a;(s,) =3
ﬂ;(so) =0

5 (s,) =—0.3
Bi(s)=-0.9
B (s,)=-0.1
B,(s,)=05
i (s,)=1.9
B (s)=0.3

L(up) = (~0.2+0.3)— (1.9+0.2) = —2

L(u,)=-0.1-21=-22
L(u)=21-1.1=1
L(u,)=21-1.1=1
=0, =(-1-111)

(c) Log-MAP:

Using the max calculates function:

a,(S,) =0

a, (s,)=0.2

o, (s,)=-0.2

a(s,) = max* (0,2.2) = 2.3
a,(s,) = max* (-0.4,-1.8) = -0.18
a}(s,) = max* (-1.81.4) =1.44
a;(s,) =max* (1,3) =3.1

ﬂ:(so) =0
Bi(s,) =03
ﬁ;(sl) =-0.9

B (s,) = max* (0.5,-1.7) = 0.6
B (s,) = max* (-0.1,-1.2) = 0.19
B (s,) = max* (0.3,0.1) = 0.89
B (s,) = max* (-1.51.9) =1.9

L(u,) =(-0.2+0.89)— (0.2+1.9) =—1.41

max* (X, y) = In(e* +e*) = max(x, y) + In(L+e )

L(u,) = max* (~0.2+0.2+0.19,0.2— 2 +0.6) — max* (-0.2—0.2+0.6,0.2 + 2+ 0.19) = —2.09
L(u,) = max* (-0.18—1.4—0.3,2.3+0.8—0.9) — max* (-0.18+1.4—0.9,0.3—0.8-0.3) =0.75

L(u,) = (3.1-0.9) — (144 —0.3) =1.06 = u = [0,0,11]



0/00
00
10
01
11
S0, 007
r=h=R@es -

7.,(0,0)=0.5%0.1%0.4 = 0.02
7,(1,0) =0.5%0.5%0.25 = 0.0625
75(21)=0.5%0.5%0.4=0.1
7,(31) =0.5*%0.1%0.25 = 0.0125
7.,(0,2) =0.5%0.5*0.25 = 0.0625
7,(12) =0.5%0.1%0.4 = 0.02
7.,(2,3)=0.5%0.1*0.25=0.0125
7.,(33)=05%05%0.4=0.1

5 (0) =2, _,(0)*7,,(0.0) + &, (1) *7, ,(1,0) = 0.5%0.02+0.2%0.0625 = 0.0225

a M =a,,2)*7.,2 +a,_,3)*r._,(31) =0.25%0.0625+0.4*0.02 = 0.023625
a1 (2) =, ,(0)*7, ,(0.2) +&,_,1)* 7, ,(L2) =0.5%0.0625 +0.2*0.02 = 0.03525
a3 =a,(2)*7,(23)+a,_,(3)*7,,(33)=0.25%0.02 +0.4*0.0625 = 0.03



7.,(0,0)=0.25%0.25*0.5 = 0.03125
7,(1,0) =0.75%0.2*0.3 = 0.045
7,(21) =0.75%0.2*0.5 = 0.075
7,(31) =0.25%0.25%0.3=0.01875
70,(0,2) =0.75%0.2%0.3=0.045
7.,(1,2) =0.25%0.25%0.5 = 0.03125
74(2,3) = 0.25%0.25%0.3 = 0.01875
7.(33) =0.75%0.2%0.5 = 0.075
7.(0,0)=0.6*0.4*0.1=0.024
7.(1L,0) =0.4%0.25%0.5 = 0.05
7.(21) =0.4%0.25%0.1=0.01
7.(31)=0.6*%0.4*0.5=0.12

7.(0,2) =0.4*0.25%0.5 = 0.05
7.(1,2) =0.6%0.4*0.1=0.024
7.(2,3)=0.6%0.4*0.5=0.12

7.(3,3) =0.4*0.25%0.1=0.01

B.(0) = ..,(0)*7,(0,0)+ B..,(2) *7,(0,2) = 0.1%0.024 + 0.25*0.05 = 0.0149
B.@) = B.,(0)*7,(L0) + B.,(2) *,(1,2) = 0.1%0.05+0.25*0.024 = 0.011
B.(2) =B (*7.(2) + B..,(3)*7,(2,3) = 0.5%0.01+0.2*0.12 = 0.029
B.B3)=L.,0)*7 B+ B.,3)*7(33)=0.5%0.12+0.2*0.01=0.062

zat—l(l‘) 7l 1)- 5,(0)
Alq)=In 22 :
t zat—l(l ) a1 - B.(0)
(s's)ey 1
_in %1(0)-74(0.2)- f,(2) + 2, (2) 1, (21) LD + 2, (D) - 7,(30)- £ (0) + 1 (3) - 114(33) - A(3)
4(0)-74(0,0)- B (0) + 2 4(2) - 7 4(23)- BB) + 2, (D) - 71, (12) - £,(2) + 1 (3) - 71, (3D) - B (D)
0.0225*0.045*0.029 + 0.03525*0.075*0.011+ 0.023625* 0.045*0.0149 + 0.03*0.075*0.062
0.0225*0.03125*0.0149 + 0.03525*0.01875*0.062 + 0.023625*0.03125*0.029 + 0.03*0.01875*0.011
=0.994857>0=¢, =1
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