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Simplified Log Maximum A Posteriori Algorithm

Zhang Lin, Yu Shunzheng

(School of Information Science and Technology, Sun Yat-sen University, Guangzhou 510275, China)

Abstract: A simplified log maximum a posteriori (Log-MAP) algorithm is presented based on approxima-
tion theory. In the simplified algorithm, the optimal square approximation polynomial, whose coefficients
are derived from the characteristic equations, is adopted to calculate the correction function. Compared
with the original algorithm, the proposed algorithm has advantages of low complexity and lower decoding
delay. It is shown that the complexity is reduced by about 30%. The performances of the simplified Log-
MAP algorithm are simulated over additive white Gaussian noise channel and flat fading Rayleigh channel.
It is demonstrated that the coding gain of the simplified algorithm is 0. 3-0. 5 dB higher than that of Max-
Log-MAP one, and is similar to that of Log-MAP Turbo decoder. It is concluded that the simplified algo-
rithm is a better compromise between the complexity and the performance, and can be a substitute for Log-
MAP algorithm in Turbo decoders.

Keywords: log maximum a posteriori decoding ; Turbo code; simplification

. (Log Maximum A ., Log-MAP ,
Posteriori, Log-MAP) Log-MAP
(Maximum Log Maximum A Posteriori, Max- I, .
Log-MAP) Turbo , Log-MAP
( )
. Log-MAP Turbo L6 )

,  Max-Log-MAP

0.3~0.5 dB. Log-MAP

: 2004-10-18. : (1976 ~), s
(90304011) 5



868 39
Log-MAP 2
ln[Zexp(&)]Z
’ i1
, , max(8;,8;) +1In[1+exp(—| & —6, D] =
N max(& 782)+fc(‘ 61*62 ‘) (4)
:81 32 ;fc( ° ) ’
1
Log-MAP sIn[exp (8) Fexp (8,) + -+ +
. k, dk exp(gn)] ’ A:exp(61)+
(Likelihood Logarithm Ratio, LLR) exp(8y) + -+ Fexp(d, 1) .0=InA,
a, (m) | B (m) Y. (R »m, In[exp(8,) + exp(§,) + =+ +exp(s,) ] =
m’) (1] In[A + exp(d,) ] = max(InA,§,) +
Ald,) = f.(] InA—9¢, |) = max(8,8,) + f.(| §—06. D

1
lnz 2 Zexp()’, (Ryvm’ vm) +ay (m") +

m m  i=0

1
ﬁki(m)) — an Z Zexp(}’o (R, ,m' m) +

m  i=0

a2,1(771/)+ﬁé(7n)) (D
1 s “0” 1”7
sm om’ sRe=(xpsyi)
’ Lk Ve
a(m) B (m) ,
ar(m) =

In{explai (S, (m)) + 7, (R, .m, St (m)) ]+
explai 1 (SL(m)) + 7:(R,om,SL(m)) ]} (2)
Bi(m) =
In{exp[ B (ST (m)) + 7, (Ruy » St Gm) wm) ]+
expl B (St (m)) 4 7, (R » St Gm) wm) 1} (3)
:SiGm)  SiGm) m

Turbo svi (Rysmsm’)

Y (Rysmam') = a%xk —0—%@,(26&, — D+
o o.

a;

Ly, Q2Y,, — D +rGn | m")
c

:0'2 53k ;O‘i
Ty sag Y, 1=
d,m sr(m|m) m
m’ , ., r(m|m)=
0, r(m|m’) =co,

Jacobian ,

(3
4 (5) (O~ (3,
, LLR
s Max-Log-MAP . Max-Log-MAP
’ O. 3’\’
0.5 dB"/, R
s , feCe)
, Turbo ,
, (Fit-

ted Log Maximum A Posteriori, F-Log-MAP)

( N
, . ).
3 :0@ ;@ 16)
3



[7]

F-Log-MAP ,
G=
ay, G Gram ,a g.(x)
sy ][(<.l) gc(.l') x = |81 -
Sl 4

ln( Zexp(&-)): max(8; ,05) +
=1

In(1 4+ exp(— x)) = max(§,,8:) + f.(x)
|x| =4 ,f.(2)<<2X107%, )
|| >=4,g (2)==0, [0 4].
, In[1+exp(—x)]

f(2) 2 0.678 2 — 0. 392 0x + 0. 057 622 =

g (), |x|<4 (6)
. (D (3)
2
ln[z exp(&)JZ
i—1
max (8, »0) x >4
Imax(ﬁl »0») +0.678 2—0.392 02+ 0. 057 62°
7
>4 ,F-Log-MAP Max-Log-
MAP , x<<4 ,F-Log-MAP
’ LOg_
MAP .3
1
1
Max-Log-MAP F-Log-MAP Log-MAP
5X2"—2 5X2"—2 5X2"—2
10X 2"+11 20X 2" +7 15X2"+9
8 10X 2"+4 8
0 0 5EX2"—2
0 0 5X2"—2

1 ,Log-MAP
»Max-Log-MAP ,
F-Log-MAP
F-Log-MAP Max-Log-MAP

Log-MAP. F-Log-MAP Max-
Turbo
. 1/3 CDMA2000
Turbo , 2 RSC
s RSC [1,15/13,17/

137, n=3.
BPSK , . )

378 bit. ,

Log-MAP

( 10°). 2 )
:F-Log-MAP
Max-Log-MAP ., Log-MAP
30%.

2

Max-Log-MAP F-Log-MAP Log-MAP

277. 3 284. 2 402. 3

/ms

3 Turbo
( 5).
(BER) . BER
(E,/Ny) 1 2
, , F-Log-MAP
Log-MAP ,
0.3~0.5 dB. ,  AWGN
,F-Log-MAP Log-MAP
1.6 dB (
107°), Max-Log-MAP
1.9 dB;
, F-Log-MAP, Log-MAP
Log-MAP Turbo

Turbo

Max-

2.65dB.2.65dB  2.95 dB.



10°

107!

1072
w107

4
w10~t

-8 Max-Log-MAP

10°°F -© Log-MAP
<4 F-Log-MAP
107%f
=7 n L 1 1 _
1003 0.4 08 12 1.6 2.0
EyN,' /dB
1 AWGN 3 Turbo BER
10°
107"
1072
w107
=

-9~ Log-MAP

-4 F-Log-MAP
107
~7 M " N N " i
10 0.0 0.5 1.0 1.5 2.0 25 3.0
E,-N,' 1dB
2 3 Turbo
BER
4
Log-MAP
F-Log-MAP
, . CDMAZ2000
Turbo , AWGN
Log-MAP Max-Log-MAP

, F-Log-MAP
Log-MAP ,

[1]

[2]

[3]

(4]

(5]

(6]

[7]

Max-Log-MAP 0.3~0. 5dB.
) Log-MAP
s Log-MAP Max-Log-MAP

3G Turbo

Robertson P, Villebrun E, Hoeher P. A comparison
of optimal and sub-optimal MAP decoding algorithms
operation in the log domain [ A]. Proc IEEE Interna-
tional Conference on Communications [ C]. Piscat-
away: IEEE, 1995, 1 009-1 013.

Viterbi A J. An intuitive justification and a simplified
implementation for the MAP decoder for convolutional
codes [J]. IEEE Journal on Selected Areas in Commu-
nications, 1998, 16(2): 260-264.

Wang D, Kobasyashi H. Low-complexity MAP deco-
ding for turbo codes [A]. TEEE Vehicular Technology
Conference [ C]. Piscataway: Institute of Electrical
and Electronics Engineers Inc, 2000. 1 035-1 039.
Cheng ] F, Ottosson T. Linearly approximated Log-
MAP algorithms for turbo decoding [ A]. TEEE Ve-
hicular Technology Conference [C]. Piscataway: In-
stitute of Electrical and Electronics Engineers Inc,
2000. 2 252-2 256.

Jiang S, Su S F, Xiao D L, et al. Simplification on
Log-MAP algorithm and its application in Rayleigh
channel [ A7]. IEEE Pacific Rim Conference on Com-
munications, Computers and signal Processing [ CJ.
Piscataway: IEEE, 2001. 231-233.

Kwak J, Park S M, Lee K. Reverse tracing of forward
state metric in Log-Map and MAX-Log-MAP decoders
[A]. IEEE International Symposium on Circuits and
Systems [ C]. Piscataway: Institute of Electrical and
Electronics Engineers Inc, 2003. 280-283.

Maeland E. On the comparison of interpolation meth-
ods [J].
1988, 7(3). 213-217.

IEEE Transactions on Medical Imaging,



