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METHOD AND APPARATUS FOR TURBO 
CODE DECODING 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority of TaiWan Patent Applica 
tion No. 96151435, ?led on Dec. 31, 2007, the entirety of 
Which is incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to Wireless communication, and more 

particularly to a turbo code decoding method. 
2. Description of the Related Art 
Wideband Wireless communications infrastructure and 

applications have been Widely developed in recent years. One 
such example is the WiMAX system. The WiMAX standard 
adopt the convolutional turbo code (CTC) as one of Forward 
Error Correction (FEC) mechanisms. CTC provides high per 
formance for telecommunications, and there have been vari 
ous CTC related enhancements and developments proposed 
as prior arts. FIG. 1 shoWs a conventional turbo code decoder 
100, essentially comprising a pair of decoding units 110 and 
120. The decoding unit 120 receives a transmission signal 
#IN and a decoding result from the decoding unit 110 via an 
extrinsic information interleaver 102 and a data interleaver 
104 to perform a recursive calculation. Symmetrically, 
through a deinterleaver 106, the decoding unit 120 feeds back 
a decoding result to the decoding unit 110, such that the 
decoding unit 110 performs a recursive calculation based on 
the decoding result and the transmission signal #IN. The 
transmission signal #IN is typically provided by a transmitter, 
and contains various channel effect and noise interferences. 
The recursive calculation processed in the decoding unit 110 
and 120 may be one of various algorithms, such as a log 
maximum a posterior (Log-MAP) algorithm, a Maximum 
Log-MAP algorithm or an Enhanced Maximum Log-MAP 
algorithm. The algorithms are also referred to as Soft-in-Soft 
out (SISO) decoding algorithms. 

FIG. 2a shoWs a binary trellis structure of conventional 
state metrics. The horizontal axis t represents time or stage, 
and the vertical axis represents multiple states Within each 
stage. As an example, state S1 and S2 corresponding to stages 
tl-_l and ti are shoWn in FIG. 2a. Generally, three parameters 
are required for the SISO decoding algorithms, the forWard 
probability 0t, backWard probability [3 and branch probability 
y for each state. Taking the state S1 at stage tl._l for example, 
the parameters are referred to as (x1(ti_ l) and [31(tl-_1). The state 
S1 at stage tl-_l may be sWitched to state S1 or S2 at stage ti, so 
that there are tWo branches each having a probability (or 
Weighting factor) derivable from the received signals, 
denoted as y(Sl,Sl) andy(S1,S2). Identically, for the state S2 at 
stage tl-_l, corresponding parameters comprise (x2(tl-_l), 
[32(tl._1), y(S2,Sl) and y(S2,S2). According to MAP algorithm, 
the forWard probability 0t of the state S1 at stage ti is obtained 
from the forWard probabilities 0t and branch probabilities y of 
the previous stage tl-_ 1, and the backWard probability [3 of stage 
S1 at stage tl-_l is obtained from the backWard probabilities [3 
and branch probabilities y at the next stage ti. Detailed intro 
ductions for the algorithms are available in public journals, 
thus further description is omitted herein. To process the 
algorithms, in the decoding units 110 and 120, hoWever, 
signi?cant memory space is required to buffer all the param 
eters related to a state metric. For example, each parameter 
may be a 10-bit ?oat value, and if there are N states at each 
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2 
stage, and the state metric is a single binary trellis structure, 
there Would be 2N branches to be managed. In other Words, the 
memory requirement increases exponentially With the num 
ber of stages N. 

FIG. 2b shoWs a conventional Add-Compare-Selection 
(ACS) circuit adapted in the decoding units 110 and 120 of 
FIG. 1, used for recursively calculating the probabilities 0t 
and [3 for each state. As an example, if the forWard probability 
0t l(ti) of state S 1 at stage ti is to be calculated, all the associated 
states of a previous stage and branches therefrom Would be 
considered. In this case, probabilities 0q(tl-_l) and (x2(tl-_l) are 
considered. First, the adder 202 adds the forWard probability 
al(ti_l) to the branch probability y(Sl,S2), and the adder 204 
adds the forWard probability (x2(ti_ l) to the branch probability 
y(S1,S2). Thereafter, the added results are sent to the selector 
210 for comparison, among Which the larger value is output to 
the adder 206 to be added With a value from the lookup table 
220 so that the forWard probability (x1(ti) is generated. The 
lookup table 220 is a table comprising ?xed values, providing 
logarithm corrections for the values output from the adders 
202 and 204. Since the lookup table 220 is a prior art, a 
detailed description is omitted herein. 

According to the aforementioned approaches, the prob 
abilities ot and [3 of each state are calculated by the ACS circuit 
200, so that the ACS circuit 200 and the memory device are 
recursively used. The total of parameters 0t and [3 therefore 
establish a state metric in the memory device, and When the 
state metric is established, a Log Likelihood Ratio (LLR) 
calculation is processed in the decoding units 110 and 120 to 
calculate a decoding result Which has a maximum probability. 

BRIEF SUMMARY OF THE INVENTION 

An exemplary embodiment of a turbo code decoder is 
provided. In Which, a state processor comprises a plurality of 
Add-Compare-Selection (ACS) units operating concurrently 
to perform a natural recursion operation on an input sequence 
to generate a state metric, and to convert the state metric into 
a differential metric. A memory device is utiliZed for storage 
of the differential metric. A plurality of revival units are 
provided, operating concurrently to re-acquire the state met 
ric from the differential metric. A likelihood calculator per 
forms a log likelihood ratio (LLR) calculation based on the 
state metric. Speci?cally, the state metric is a radix-4 trellis 
structure or a radix-22 trellis structure. 

The state metric comprises a plurality of state vectors each 
associated With a stage, and each state vector comprises a 
plurality of states. The differential metric comprises a plural 
ity of differential vectors each associated With a state vector. 
In each differential vector, at least one revival parameter 
represents a dominant state in the state vector, and a plurality 
of differential values are to re-acquiring other states from the 
dominant state. 
When the revival unit re-acquires the state metric, the 

dominant state is ?rst re-acquired from the revival parameter, 
and the other states are re-acquired based on the dominant 
state and the differential values. 
The natural recursion operation utiliZes a log-maximum a 

posterior (Log-MAP) algorithm, a Maximum Log-MAP 
algorithm or an Enhanced Maximum Log-MAP algorithm. 
The state may represent a forWard probability or a backWard 
probability, and the revival unit may recursively re-acquire 
each state vector in a forWard order or a backWard order. The 
likelihood calculator is utiliZed to derive log likelihood ratios 
(LLRs) among the state metric. 
Another embodiment provides a turbo code decoding 

method implemented in the aforementioned turbo code 
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decoder, and a detailed description is given in the following 
embodiments With reference to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention can be more fully understood by reading the 
subsequent detailed description and examples With refer 
ences made to the accompanying draWings, Wherein: 

FIG. 1 shoWs a conventional turbo code decoder; 
FIG. 2a shoWs a binary trellis structure; 
FIG. 2b shoWs a conventional ACS circuit; 
FIG. 3 shoWs a radix-4 trellis structure of state metrics; 
FIG. 4 shoWs an embodiment of a decoding unit 400; 
FIG. 5a shoWs an embodiment of anACS circuit 500; 
FIG. 5b shoWs an embodiment of a revival unit 550; 
FIG. 5c shows an embodiment of a ?rst selector according 

to FIG. 5b; 
FIG. 6a shoWs an embodiment of anACS circuit 600; 
FIG. 6b shoWs an embodiment of a revival unit 650; and 
FIG. 7 is a ?owchart of a track back calculation. 

DETAILED DESCRIPTION OF THE INVENTION 

The folloWing description is of the best-contemplated 
mode of carrying out the invention. This description is made 
for the purpose of illustrating the general principles of the 
invention and should not be taken in a limiting sense. The 
scope of the invention is best determined by reference to the 
appended claims. 

FIG. 3 shoWs a radix-4 trellis structure of state metrics, and 
an embodiment is described based thereon. Basically, a state 
metric comprises a plurality of state vectors corresponding to 
stages tl to t M, and each state vector comprises N states S 1 to 
SN. Taking the state S1 at stage tk_l for example, since the 
trellis is radix 4, there are four possible branches connecting 
the state S 1 to the next stage. Speci?cally, the pairs of states 
connected by the branches betWeen tWo stages are previously 
de?ned in the trellis structure standards. In the embodiment, 
four branches initiated from the state S1 at current stage are 
individually destined to states a, b, c and d at a next stage, each 
carrying a branch probability y(Sl,a), y(Sl,b), y(Sl,c) and 
y(Sl,d). Conversely, each state at a current stage may come 
from one of four states at a previous stage. For example, the 
state S3 at stage tk has four branches associated With four 
states A, B, C and D at a previous stage (not shoWn), each 
carrying a branch probability y(A,S3), Y(B,S3), y(C,S3) and 
y(D,S3). Based on the MAP algorithm, the process to calcu 
late the state metric is conclusively referred to as a natural 
recursion operation, With each stage element representing a 
forWard probability or a backWard probability. A proceeding 
Log Likelihood Ratio (LLR) calculation may only be per 
formed When all the probability values are acquired. 

FIG. 4 shoWs an embodiment of a decoding unit 400 
according to the invention. To reduce memory occupation, the 
decoding unit 400 is proposed to calculate the state metric for 
the decoding units 110 and 120. The decoding unit 400 
mainly comprises a state processor 402 and a likelihood cal 
culator 404. The state processor 402 comprises a plurality of 
ACS circuits 412 operating in concurrence, performing the 
natural recursion operation based on a transmission signal 
#IN to generate the state metric #Metrics. In the embodiment, 
the ACS circuit 412 converts the state metric #Metrics into a 
differential form, Which is stored in the memory device 410 as 
a differential metric #Diff so that memory occupation can be 
reduced. Before the likelihood calculator 404 performs an 
LLR operation, a plurality of revival units 414 are utiliZed to 
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4 
read the memory device 410 to re-acquire the state metric 
#Metrics from the differential metric #Diff. 

In the decoding unit 400, the algorithm adapted to perform 
the natural recursion operation may be one from the prior arts, 
such as a Log-MAP algorithm, a Maximum Log-MAP algo 
rithm or an Enhanced Maximum Log-MAP algorithm, and 
the likelihood calculator 404 is utiliZed to calculate log like 
lihood ratios of all paths presented in the state metric. The 
decoding unit 400 is particularly adaptable for a state metric 
of a radix-4 trellis structure or a radix-22 trellis structure. 

There may be various circuit implementations to convert 
the state metric into a differential metric, and FIG. 5a shoWs 
an exemplary embodiment of an ACS circuit 500. Each state 
has a value, and through four adders 502, 504, 506 and 508, 
the ACS circuit 500 adds four state values SP1, S P2, S P3 and 
S P4 respectively With corresponding branch values B 1, B2, B3 
and B 4 to generate four candidates. Thereafter, three selectors 
510, 520 and 530 are utiliZed to obtain a state value SC 
corresponding to a state of a current stage. More speci?cally, 
the state value SC is the largest value among the four candidate 
values. Conventionally, the state values SP1, S P2, SP3 and S P4 
are then directly sent to the memory device for storage. In the 
invention, alternatively, the state values are not directly 
stored, but converted to difference values. For example, the 
selector 510 ?rst compares the outputs from adders 502 and 
504, among Which a larger value is selected and sent to the 
selector 530, With their difference value #Dl stored in the 
memory device 410. LikeWise, the selector 520 compares the 
outputs from adders 506 and 508, passes the larger value to 
the selector 530, and stores their difference value #D2 in the 
memory device 410. Furthermore, the selector 530 receives 
the tWo values sent from the selectors 510 and 520, selects a 
larger value, and calculates their difference value #D3. In 
other Words, the output from the selector 530 is the maximum 
of the four candidates. A lookup table 540 may be looked up 
for a logarithm correction value #C based on the difference 
values #Dl, #D2 and #D3, and an adder 512 then adds the 
logarithm correction value #C to the maximum candidate to 
generate the state value SC. When all state values SC of a 
current stage are acquired, the ACS circuit 500 can be recur 
sively reused to calculate state values SC of a next stage. In 
this Way, every four state values are simpli?ed into three 
differential values each carrying a sign bit, thus, it is possible 
to re-acquire the original state values from the three differen 
tial values by simple logics. In comparison to storage of four 
state values, memory occupation is signi?cantly reduced by 
storing only three differential values. 

FIG. 5b shoWs an embodiment of a revival unit 550. The 
revival unit 550 is basically symmetric to theACS circuit 500. 
One state value SC and three difference values #Dl, #D2 and 
#D3 are input to the revival unit 550, thereby four state values 
of a previous stage SP1, SP2, SP3 and SP4 are re-acquired. 
First, the lookup table 545 is looked up for a logarithm cor 
rection value #C based on the difference values #Dl, #D2 and 
#D3 stored in the memory device 410. A subtractor 511 then 
subtracts the state value SC by the logarithm correction value 
#C and sends the result to a selector 535. Actually, the result 
is exactly the maximum of the four candidates mentioned in 
FIG. 5a. The selector 535 generates tWo intermediate values 
S M1 and S M2 from the maximum candidate based on the 
difference value #D3. As described in FIG. 5a, the maximum 
candidate is chosen from one of the intermediate values S M1 
and SMZ, so in FIG. 5b, the selector 535 assesses one of the 
intermediate values S M1 and S M2 to be the maximum candi 
date, and the other one to be the maximum candidate minus 
the difference value #D3. The sign bit of the difference value 
#D3 determines Which intermediate value should be assessed 
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to be the maximum candidate. Based on the same logic, the 
selector 515 uses the difference value #D1 to re-acquire can 
didates S01 and S02 from the intermediate value S M1, and the 
selector 525 uses the difference value #D2 to re-acquire can 
didates S 03 and S 04 from the intermediate value S M2. A pair 
of subtractors 501 and 503 individually subtract the candi 
dates S01 and S02 by the branch values B1 and B2 to re 
acquire state values S P1 and S P2 at a previous stage, and a pair 
of subtractors 505 and 507 individually subtract the candi 
dates S03 and S04 by the branch values B3 and B4 to re 
acquire the state values S P3 and S P4 at a previous stage. 

There are various Ways to implement the logic circuit, and 
FIG. 5c shows an embodiment of the selectors 515, 525 and 
535 mentioned in FIG. 5b. The selector 535 may comprise a 
pair of multiplexers 534 and 536. The input is a base value 
#YIN and a difference value #DIN, and the outputs are #YOUTl 
and #YOUD. One of the output values #YOUTl and #YOUI2 is 
assessed to be the base value #YIN, and another is the #YIN 
minus the difference value #DIN. The sign bit of the difference 
value #DIN determines Whether the #YIN should be output 
through the multiplexer 534 or the multiplexer 536. The 
operator 532 may be capable of performing a speci?c opera 
tion, such as absolutiZing the difference value #DIN and sub 
tracting the #YIN by the #DIN. 

FIG. 6a shoWs another embodiment of anACS circuit 600. 
When producing the state values SC of a current stage, the 
adders 602, 604, 606 and 608 individually add the branch 
values B1, B2, B3 and B4 to the four state values SP1, SP2, SP3 
and S P4 to generate four candidates. The candidates are 
sequentially sent to a comparison circuit 620 for cross com 
parison, and ?nally a ?ag #?ag is generated to indicate Which 
candidate is the maximum one. Simultaneously, the compari 
son circuit 620 calculates differences betWeen the state values 
S P1 versus the S P2, S P3 and S P4 to generate difference values 
#D1, #D2 and #D3. The difference values are then sent to a 
lookup table 630, such that a logarithm correction value #C is 
looked up. On the other hand, the candidates are sequentially 
sent to a sWitch 610, Whereby the maximum candidate is 
picked and passed to an adder 612 based on the ?ag #?ag. 
Thereby, the adder 612 adds the maximum candidate With the 
logarithm correction value #C to obtain the state value SC of 
a current stage. In the embodiment, the memory device 410 
stores the ?ag #?ag, and the difference values #D1, #D2 and 
#D3. The state value SC at a current stage may be reused as an 
input to calculate state values at a next stage. 

FIG. 6b shoWs an embodiment of a revival unit 650, having 
a structure symmetric to the ACS circuit 600. When a state 
value SC of a current stage is input, four state values SP1, S P2, 
SP3 and S P4 of a previous stage can be re-acquired based on 
the ?ag #?ag and the difference values #D1, #D2 and #D3. 
Firstly, a lookup table 635 is looked up for a logarithm cor 
rection value #C based on the difference values #D1, #D2 and 
#D3 . A subtractor 611 then subtracts the state value SC by the 
logarithm correction value #C to re-acquire the maximum 
candidate as mentioned in FIG. 6a. The subtractor 645 and 
selector 655 are used to re-acquire the candidate S01. The 
selector 655 determines the position Where the maximum 
candidate is located based on the ?ag #?ag. For example, if 
the maximum candidate is located at the topmost place, the 
candidate S01 is assessed as the maximum candidate, so the 
selector 655 outputs a Zero value to the subtractor 645, such 
that the S 01 is output as the maximum candidate. LikeWise, if 
the maximum candidate is located at the second place, the 
selector 655 uses difference value #D1 to be subtracted With 
the maximum candidate, such that the S01 is output from the 
subtractor 645. When the candidate S 01 is determined, other 
candidates S02, S03 and S04 can further be re-acquired by 
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6 
addition With the difference values #D1, #D2 and #D3 via the 
adders 613, 615 and 617. The subtractors 601, 603, 605 and 
607 then eliminate the branch values B1, B2, B3 and B4 from 
the candidates S01, S02, S03 and S04 to re-acquire the state 
values of a previous stage S P1, S P2, S P3 and S P4. 

In the embodiment of the circuit, four states of a previous 
stage can be re-acquired from one state of a current stage. If a 
state vector of one stage comprises eight states, the re-acqui 
sition process Would be processed tWice per stage. The branch 
associations betWeen each stage are previously de?ned by 
trellis code speci?cation, among Which only tWo states are 
required to suf?ciently cover all stage elements of the adja 
cent stage. Data required for each circuit may only comprise 
a ?ag #?ag and three difference values, With one dominant 
state value reused from a previous stage. Memory occupation 
is thereby signi?cantly reduced in comparison to the prior art. 
A plurality of circuits can be provided to operate as parallel 
pipelines, and the number of circuits may be dependent on the 
number of states in each state vector. 

FIG. 7 is a ?owchart of a trace back operation. The embodi 
ments can be summarized as folloWs. In step 701, a natural 
recursion operation is performed to generate a state metric 
based on an input sequence. In step 703, the state metric is 
converted into a differential metric and stored in a memory 
device. In fact, the conversion is progressively processed, and 
the parameters may comprise probabilities 0t and [3 as speci 
?ed in the MAP algorithm. In step 705, a revival operation is 
processed, Whereby the differential metric is read from the 
memory device to re-acquire the state metric. Although some 
embodiments of circuits are provided, the invention is not 
limited thereto. In step 707, a log likelihood ratio calculation 
is processed based on the state metric after the re-acquisition 
is complete. In practice, the log likelihood ratio calculation 
may also be progressively processed While the re-acquisition 
is in process. In conclusion, the invention subsequently 
reduces memory occupation by 25%. 

While the invention has been described by Way of example 
and in terms of preferred embodiment, it is to be understood 
that the invention is not limited thereto. To the contrary, it is 
intended to cover various modi?cations and similar arrange 
ments (as Would be apparent to those skilled in the art). 
Therefore, the scope of the appended claims should be 
accorded the broadest interpretation so as to encompass all 
such modi?cations and similar arrangements. 
What is claimed is: 
1. A turbo code decoder, comprising: 
a state processor, comprising a plurality of Add-Compare 

Selection (ACS) units operating concurrently to perform 
a natural recursion operation on an input sequence to 
generate a state metric, and to convert the state metric 
into a differential metric; 

a memory device, coupled to the state processor for storing 
the differential metric; 

a plurality of revival units coupled to the state processor, 
operating concurrently to re-acquire the state metric 
from the differential metric; and 

a likelihood calculator coupled to the revival units, per 
forming a log likelihood ratio (LLR) calculation based 
on the state metric, Wherein the state metric is a radix-4 
trellis structure or a radix-22 trellis structure. 

2. The turbo code decoder as claimed in claim 1, Wherein: 
the state metric comprises a plurality of state vectors each 

associated With a stage, and each state vector comprises 
a plurality of states; and 

the differential metric comprises a plurality of differential 
vectors each associated With a state vector, and each 
differential vector comprises: 
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at least one revival parameter for re-acquisition of a domi 
nant state in the state vector; and 

a plurality of differential values to re-acquiring other states 
from the dominant state. 

3. The turbo code decoder as claimed in claim 1, Wherein 
When the revival unit re-acquires the state metric, a dominant 
state is ?rst re-acquired from the revival parameter, and the 
other states are re-acquired based on the dominant state and 
the differential values. 

4. The turbo code decoder as claimed in claim 3, Wherein 
the natural recursion operation utiliZes a log-maximum a 
posterior (Log-MAP) algorithm, a Maximum Log-MAP 
algorithm or an Enhanced Maximum Log-MAP algorithm. 

5. The turbo code decoder as claimed in claim 4, Wherein: 
the state has a state value representing a forWard probabil 

ity; and 
the revival unit recursively re-acquires each state vector in 

a backWard order. 

6. The turbo code decoder as claimed in claim 4, Wherein: 
the state has a state value representing a backWard prob 

ability; and 
the revival unit recursively re-acquires each state vector in 

a forWard order. 
7. The turbo code decoder as claimed in claim 4, Wherein 

the likelihood calculator derives log likelihood ratios (LLRs) 
among the state metric. 

8. The turbo code decoder as claimed in claim 7, Wherein 
each ACS unit updates a state value of a current stage accord 
ing to four states of a previous stage, comprising: 

a ?rst adder, adding a ?rst state value and a ?rst branch 
value to obtain a ?rst value; 

a second adder, adding a second state value and a second 
branch value to obtain a second value; 

a third adder, adding a third state value and a third branch 
value to obtain a third value; 

a fourth adder, adding a fourth state value and a fourth 
branch value to obtain a fourth value; 

a ?rst selector, coupled to the ?rst and second adders, 
outputting the larger value among the ?rst and second 
values, and a ?rst difference value representing their 
difference; 

a second selector, coupled to the third and fourth adders, 
outputting the larger value among the third and fourth 
values, and a second difference value representing their 
difference; 

a third selector, coupled to the ?rst and second selector, 
outputting the larger value among the output values 
therefrom, and a third difference value representing their 
difference; 

a lookup table, looking up a logarithm correction value 
based on the ?rst, second and third difference values; 
and 

an adder, coupled to the third selector and the lookup table, 
adding the output from the third selector and the loga 
rithm correction value to acquire the state value of a 
current stage. 

9. The turbo code decoder as claimed in claim 8, Wherein 
each revival unit re-acquires four state values of a previous 
stage based on the state value of a current stage, comprising: 

a lookup table, looking up a logarithm correction value 
based on the ?rst, second and third difference values 

a subtractor, subtracting the state value of a current stage by 
the logarithm correction value; 

a ?rst selector, reading the third difference value and the 
output of the subtractor to obtain a ?rst intermediate 
value and a second intermediate value; 
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8 
a second selector, reading the ?rst difference value and the 

?rst intermediate value to generate a ?rst value and a 

second value; 
a third selector, reading the second difference value and the 

second intermediate value to generate a third value and a 

fourth value; 
a ?rst subtractor, subtracting the ?rst value by the ?rst 

branch value to re-acquire the ?rst state value; 
a second subtractor, subtracting the second value by the 

second branch value to re-acquire the second state value; 
a third subtractor, subtracting the third value by the third 

branch value to re-acquire the third state value; and 
a fourth subtractor, subtracting the fourth value by the 

fourth branch value to re-acquire the fourth state value. 
10. The turbo code decoder as claimed in claim 7, Wherein 

each ACS unit updates a state value of a current stage accord 
ing to four state values of a previous stage, comprising: 

a ?rst adder, adding a ?rst state value and a ?rst branch 
value to obtain a ?rst value; 

a second adder, adding a second state value and a second 
branch value to obtain a second value; 

a third adder, adding a third state value and a third branch 
value to obtain a third value; 

a fourth adder, adding a fourth state value and a fourth 
branch value to obtain a fourth value; 

a comparator circuit, coupled to the ?rst, second, third and 
fourth adders, deriving a ?rst difference value, a second 
difference value and a third difference value respectively 
representing differences betWeen the ?rst value versus 
the second, third and fourth values, and outputting a ?ag 
indicating Which value among the four values is the 
maximum value; 

a selector, coupled to the ?rst, second, third and fourth 
adders, selecting the maximum value among the four 
values based on the ?ag as an output; 

a lookup table, looking up a logarithm correction value 
based on the ?rst, second and third difference values; 
and 

an adder, coupled to the selector and the comparator cir 
cuit, adding the output from the selector With the loga 
rithm correction value to acquire the state value of a 
current stage. 

11. The turbo code decoder as claimed in claim 10, Wherein 
each revival unit re-acquires four state values of a previous 
stage based on the state value of a current stage, comprising: 

a lookup table, looking up a logarithm correction value 
based on the ?rst, second and third difference values; 

a ?rst subtractor, coupled to the lookup table, subtracting 
the state value of a current stage by the logarithm cor 
rection value; 

a selector, selecting one value among the ?rst difference, 
second difference, third difference and Zero values as an 
output based on the ?ag; 

a second subtractor, coupled to the subtractor and the sec 
ond adder, re-acquiring the ?rst value by subtraction of 
the outputs therefrom; 

a ?rst adder, coupled to the second subtractor, adding the 
?rst value With the ?rst difference value to re-acquire the 
second value; 

a second adder, coupled to the second subtractor, adding 
the ?rst value With the second difference value to re 
acquire the third value; 

a third adder, coupled to the second subtractor, adding the 
?rst value With the third difference value to re-acquire 
the fourth value; 
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a third subtractor, coupled to the second subtractor, sub 
tracting the ?rst value by the ?rst branch value to re 
acquire the ?rst state value; 

a fourth subtractor, coupled to the ?rst adder, subtracting 
the second value by the second branch value to re-ac 
quire the second state value; 

a ?fth subtractor, coupled to the second subtractor, sub 
tracting the third value by the third branch value to 
re-acquire the third state value; 

a sixth subtractor, coupled to the third subtractor, subtract 
ing the fourth value by the fourth branch value to re 
acquire the fourth state value. 

12. A turbo code decoding method, comprising: 
performing a natural recursion operation on an input 

sequence to generate a state metric converting the state 
metric into a differential metric and storing the differen 
tial metric in a memory device; 

performing a revival operation to read the differential met 
ric from the memory to re-acquire the state metric; and 

performing a log likelihood ratio (LLR) calculation based 
on the state metric; Wherein the state metric is a radix-4 
trellis structure or a radix-22 trellis structure. 

13. The turbo code decoding method as claimed in claim 
12, Wherein: 

the state metric comprises a plurality of state vectors each 
associated With a stage, and each state vector comprises 
a plurality of states; and 

the differential metric comprises a plurality of differential 
vectors each associated With a state vector, and each 
differential vector comprises: 

at least one revival parameter for re-acquisition of a domi 
nant state in the state vector; and 

a plurality of differential values to re-acquire other states 
from the dominant state. 

14. The turbo code decoding method as claimed in claim 
13, Wherein the revival operation comprises: 

re-acquiring the dominant state from the revival parameter; 
and 

re-acquiring the other states based on the dominant state 
and the differential values. 

15. The turbo code decoding method as claimed in claim 
14, Wherein the natural recursion operation utiliZes a log 
maximum a posterior (Log-MAP) algorithm, a Maximum 
Log-MAP algorithm or an Enhanced Maximum Log-MAP 
algorithm. 

16. The turbo code decoding method as claimed in claim 
15, Wherein: 

the state has a state value representing a forWard probabil 
ity or a backward probability; and 

the revival operation comprises recursively re-acquiring 
each state vector in a forWard order or a backWard order. 

17. The turbo code decoding method as claimed in claim 
16, Wherein the likelihood calculation comprises deriving log 
likelihood ratios (LLRs) among the state metric. 

18. The turbo code decoding method as claimed in claim 
17, Wherein the natural recursion operation comprises a plu 
rality of concurrently processed ACS operations, and each 
ACS operation comprises: 

adding a ?rst state value and a ?rst branch value to obtain 
a ?rst value; 

adding a second state value and a second branch value to 
obtain a second value; 

adding a third state value and a third branch value to obtain 
a third value; 

adding a fourth state value and a fourth branch value to 
obtain a fourth value; 
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10 
assessing a larger value among the ?rst and second values 

as a ?rst candidate, and a ?rst difference value represent 

ing their difference; 
assessing a larger value among the third and fourth values 

as a second candidate, and a second difference value 

representing their difference; 
assessing a larger value among the ?rst and second candi 

dates as a dominant value, and a third difference value 

representing their difference; 
looking up a lookup table to acquire a logarithm correction 

value based on the ?rst, second and third difference 
values; and 

adding the dominant value and the logarithm correction 
value to acquire the state value of a current stage. 

19. The turbo code decoding method as claimed in claim 
18, Wherein the revival operation comprises: 

looking up a lookup table to acquire a logarithm correction 
value based on the ?rst, second and third difference 

values; 
subtracting the state value of a current stage by the loga 

rithm correction value to re-acquire the dominant value; 
obtaining a ?rst intermediate value and a second interme 

diate value from the third difference value and the domi 
nant value; 

reading the ?rst difference value and the ?rst intermediate 
value to generate a ?rst value and a second value; 

reading the second difference value and the second inter 
mediate value to generate a third value and a fourth 

value; 
subtracting the ?rst value by the ?rst branch value to re 

acquire the ?rst state value; 
subtracting the second value by the second branch value to 

re-acquire the second state value; 
subtracting the third value by the third branch value to 

re-acquire the third state value; and 
subtracting the fourth value by the fourth branch value to 

re-acquire the fourth state value. 
20. The turbo code decoding method as claimed in claim 

17, Wherein the natural recursion operation comprises a plu 
rality of concurrently processed ACS operations, and each 
ACS operation comprises: 

adding a ?rst state value and a ?rst branch value to obtain 
a ?rst value; 

adding a second state value and a second branch value to 
obtain a second value; 

adding a third state value and a third branch value to obtain 
a third value; 

adding a fourth state value and a fourth branch value to 
obtain a fourth value; 

deriving a ?rst difference value, a second difference value 
and a third difference value respectively representing 
differences betWeen the ?rst value versus the second, 
third and fourth values; and 

outputting a ?ag indicating Which value among the four 
values is the maximum value; 

selecting the maximum value among the four values based 
on the ?ag as an output; 

looking up a lookup table to obtain a logarithm correction 
value based on the ?rst, second and third difference 
values; and 

adding the output With the logarithm correction value to 
acquire the state value of a current stage. 

21. The turbo code decoding method as claimed in claim 
20, Wherein the revival operation comprises: 

looking up a lookup table for a logarithm correction value 
based on the ?rst, second and third difference values; 
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re-acquiring the ?rst Value based on the ?ag, the state Value subtracting the ?rst Value by the ?rst branch Value to re 
of a current stage and the logarithm correction Value; acquire the ?rst State Value; 

subtracting the second Value by the second branch Value to 
re-acquire the second state Value; 

5 subtracting the third Value by the third branch Value to 
adding the ?rst Value With the second difference Value to re-acquire the third state Value; 

re_acquire the third Value; subtracting the fourth Value by the fourth branch Value to 
re-acquire the fourth state Value. 

adding the ?rst Value With the ?rst difference Value to 
re-acquire the second Value; 

adding the ?rst Value With the third difference Value to 
re-acquire the fourth Value; * * * * * 


