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Abstract 
W e  presen t  several bounded distance decoding algo- 

r i t h m s  f o r  a f a m i l y  of block codes T h e s e  algorithms 
can be e f i c zen t l y  employed f o r  decoding lattice codes 
A thorough anvestzgatzon of t he  performance and decz- 
s ion  regrons of t he  proposed algorzthms are performed 
T h e s e  suggest t h a t  there are three dzstznct types  of n- 
earest nezghbors classzjied accordzng to  thezr affect o n  
the deczszon region. 

1 Introduction 
The  problem of optimal decoding of block and lat- 

tice codes in additive white Gaussian noise channels 
is very interesting and has been studied intensively 
along the years. In practice, however, one is usual- 
ly willing to  sacrifice some performance, or in other 
words optimality, for decoding complexity reduction. 
The motivation is to  reduce decoding complexity as 
much as possible while paying as little as possible in 
performance. Decoding complexity is traditional- 
ly measured in terms of the amount of real-number 
operations (rather than algebraic operations) as they 
primarily determine decoding time and/or the hard- 
ware implementation size. Note, however, that when 
the real-number decoding complexity decreases con- 
siderably, the algebraic decoding complexity can no 
longer be neglected [l]. 

1.1 sub-optimal decoding 
The most efficient decoder in terms of real-number 

operations is obviously the algebraic hard-decision de- 
coder. The  problem is that  its performance are 2-3dB 
(depending on the signal to noise power ratio) worse 
t,han the optimal decoder. Bounded-distance decoder- 
s, on the ot,her hand, present a much more promising 

t.radeoffs between complexity and performance. By 
bounded-distance decoding we mean that  the decoder 
guarantees correct decoding a t  least up to half the 
minimum Euclzdean distance of the code (rather than 
half the minimum H a m m i n g  distance as in the case of 
algebraic hard-decision decoding). 

2 Summary 
In this work we present several decoding algorithm- 

s, and thoroughly investigate their performance and 
decision regions. 

2.1 Decoding algorithms 
We present several soft decision bounded-distance 

decoding algorithms for a family of linear q-ary block 
codes [2]. These decoders have different complexi- 
t.y/performance tradeoffs making it possible to choose 
the most appropriate decoder for a given scenario. 
The  general idea behind these algorithms is t o  divide 
t.he received hard-decision vector into two (or more) 
non-overlapping, or in the more general case partially 
overlapping, blocks of symbols, such tha t  the symbols 
in each block constitute an information vector. These 
algorithms can be efficiently employed for decoding in- 
t.eresting and practical lattice codes such as the Leech 
lattice (see [l] for more details). 

2.2 Performance evaluation 
We evaluate the performance of the proposed algo- 

rithms both analytically and by means of computer 
simulations. In the analytical analysis we carefully 
investigate the decision regions of the presented de- 
coders in real-space. This is interesting because with 
bounded distance decoding (as compared to  optimal 
decoding), performance degradation is dominated by 
the behavior of the decoder outside the (bounded- 

'This work was supported in part by the Digital Receiver Tech- distance) hyper-spheres whose centers are the code- 
nologies Consortium. words. We reveal some interesting phenomena, sug- 
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gesting that there are three distinct types of nearest. 
neighbors classified according to their affect on the 
decision region. These include: 

codewords 
non-codewords that are generated in the decoding 

what we call pseudo nearest neighbors. 

In particular, we show that some of the proposed 
algorithms realize a significant portion of the optimal 
decision region, i.e. the Voronoi region, in the vicin- 
ity of the bounded distance hyper-sphere, and thus 
perform close to  optimum. 

process 

To get a complete picture of the algorithms behav- 
ior, we simulated several block codes over a wide range 
of signal t o  noise power ratios. A simulation of sev- 
eral versions of GMD (generalized minimum distance) 
decoding [3] has also been performed for comparison. 
Figures 1 and 2 present the probability of word er- 
ror for the binary (8,4,4)  - extended Hamming code, 
and the (8,4,4)  code over GF(4) ,  respectively. AB1, 
AB12, and AB2 are three of the proposed algorithms; 
GMD1, GMD2, and GMD3 are three versions of G- 
MD decoding. We also include the optimal soft deci- 
sion decoder, denoted by OPT,  and the optimal hard 
decision decoder, denoted by HD. AB1 has the best 
performance among the presented decoders, note how 
Close it is to  the optimum. The simulation results ver- 
ify our analytical derivations. 

Finally, we present some interesting images that 
vividly exhibit the different phenomena mentioned 
above. These computer images show the decision re- 
gion of a specific codeword in various informative 2- 
dimensional cross sections (of the real space of the 
code). For example, Figure 3 depicts the decision re- 
gion of the codeword c, = 00000000 E (8,4,4) - ex- 
tended binary Hamming code. The cross section dis- 
played is the plane defined by the three points: co and 
c1 which are both codewords; and p z  which is a n- 
earest neighbor but not a codeword. The dotted line 
represents the border of the decision region of c, for 
optimal decoding; the solid line represents the border 
of the decision region of co for one of the proposed al- 
gorithms; and the dash-dotted line is the cross section 
of the hyper-sphere of radius j d ,  around e,. Note 
that the affect of p z  (which is a nearest neighbor of 
the algorithm, but not a codeword) on the decision 
region of co is quite different then that of c1 (which is 
a nearest neighbor and a codeword). 
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Figure 1: Binary (8,4,4)  extended Hamming code 
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Figure 2: (8,4,4) code over GF(4) 
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Figure 3: A cross section of the decision region of C, 

343 


