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Abstract
In this letter, we present an efficient cross-entropy (CE)-based algorithm for the design of

variable-length errorcorrecting (VLEC) codes under the joint source and channel coding (JSCC) framework.
The algorithm enables us to construct the near-optimal VLEC codes that have the minimum average
codeword length (ACL) with low search complexity. The efficiency of the proposed CE-based algorithm
makes it possible to construct the VLEC codes that have small ACL values under various freedistance

constraints, especially for large-sized signal alphabets.
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BT de 26 26 26 26 26 128 128
%1 ACL ACL ACL ACL ACL ACL ACL
d.. =3 | 6.4038 6.4047 6.3574 6.2560 6.2529 N/A 7.9513
d. = 8.4740 8.5049 8.4740 8.3223 8.2609 9.7286 9.6946
d.. = 105388 | 105110 | 105388 | 103615 | 10.3406 | 151107 | 11.9997
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free =9 12.8898 12.9644 12.8898 12.6647 12.5554 N/A 15.1559
free =11 15.0345 15.0846 15.0345 14.6521 14.6509 N/A 16.8706
52 ACL ACL ACL ACL ACL

=3 6.272617 | 6.309980 | 6.266612 | 6.189350 | 6.188550

d..=5 8.378035 | 8.400986 | 8.378035 | 8.333866 | 8.279556

Oiee =7 | 10.559646 | 10.599945 | 10.488923 | 10.302508 | 10.26768

Oree =9 | 12.737255 | 12.806644 | 12.737255 | 12.532291 | 12.47091

=11 | 14.876166 | 15.354549 | 15.024952 | 14.580329 | 14.54564

24 2.y, =7 7 VLEC 25 e vt i 4

b PE: (AR S S 8 26 32 64 128
Hg 4GB 8 GB 8 GB 32 GB N/A

[3] pE R 4s 33m20s 40m26s 5d9h37m42s N/A
ACL 7.24 10.3615 10.092 11.5309 N/A

X i 4GB 8 GB 8 GB 8 GB 8 GB

TR F e Y 20m 20m 2m 12m 33m
ACL 7.304 <10.3615 <10 <1138 <12
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2% 32060 @R EEs* 254 % 1L VLEC /5
e by Opee =5 Oiee =7 Opee =9 Oee =11
a,=E | 0.1270 | 001010 00111101 0000010111 00111001000
a,=T | 0.0906 | 110101 11000010 1111101000 000100101111
o;=A | 0.0817 | 0011011 000100001 00001011001 0101110111100
a,=0 | 0.0751 | 1100100 111011110 11110100110 1010011000011
a; =1 0.0697 | 00000101 0100110000 000110000101 00100100110001
o, =N | 0.0674 | 11111010 1010000111 110001101010 11001011101110
o, =S | 0.0633 | 010000111 00000111010 0011001110010 000001110010011
oy =H | 0.0609 | 100011100 10101000001 0110110001100 111010001100100
oy =R | 0.0599 | 011111001 01011011101 00111100101101 0100111001001011
o, =D | 0.0425 | 101100010 11110100110 01011111010010 1110000010110101
o, =L | 0.0403 | 0001000000 001010101000 10000000000000 10001111110011001
a,=C | 0.0278 | 0100111010 011101100111 11100011111111 01000000001010100
Ay = 0.0276 | 1001101111 110110010100 001010101100100 11110111011100010
o, =M | 0.0241 | 1110001100 100001010011 011101110111011 011011100111010111
o =W | 0.0236 | 1010010001 0010011000101 | 100110011000011 100000010110100100
o =F | 0.0223 | 0111000111 0111001111011 100101000011100 100111101000001010
o, =G | 0.0202 | 00011100011 1000110011011 | 0110000010111000 | 010001011001111001
o, =Y | 0.0197 | 01100100000 1101010110100 | 0001111010001101 | 1000110010110110000
oy =P | 0.0193 | 10000010100 1011101001000 | 1011010100100011 | 1100000101001110111
o, =B | 0.0149 | 11101111011 01011110110001 | 1100101111010011 | 0110111111011101001
o, =V | 0.0098 | 01011011000 01100001001101 | 0010001001000110 | 1111001010000011010
a,, =K | 0.0077 | 10111101101 10110110101111 | 1101110101111100 | 01101010101001100000
Ay = 0.0015 | 100000110110 | 01001001110110 | 01101001100011101 | 10001101011111110100
a,, =X | 0.0014 | 101111000000 | 010001011111010 | 10010010111100011 | 01100011011010011111
o, =Q | 0.0010 | 0100111101001 | 100110111101000 | 10101111010001010 | 11010100000000010010
0, =2Z | 0.0007 | 1110111110000 | 011110100001110 | 11010001011010100 | 100010100100010100110
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=23 s & diee =5 Oree =7 Oree =9 O =11

a, =E 0.148786 | 001111 00110101 0000001100 00001110110

o,=T | 0.093541 | 110000 11001010 1111110011 011010000000

a;=A | 0.088337 | 1011000 000011001 00101010111 0001101100101

a,=0 | 0.072458 | 0100111 111100110 11010101000 1110010111010

as =1 0.068722 | 00000101 0010101110 000111000010 00110101000111

o, =N | 0.064985 | 11111010 1101010001 011001111101 11000010011001

o, =S | 0.058313 | 011100110 00010010000 0001100111000 010101001011000
o;=H | 0.056445 | 100101101 01100000111 0111011000110 111111110100111

ay =R 0.055378 | 111011011 10101111010 00110101101111 1000010110101001

o, =D | 0.043768 | 0101010011 11011101101 01001000010011 0101001101010000

o, =L | 0.041233 | 1001101101 010001111100 10001110100100 00110001111001010

o, =C | 0.027622 | 0010001010 101111101001 11110011011000 11001111001100011
a,=U | 0.025754 | 0110100100 010110010001 010110010111101 10110010010110101
o, =M | 0.024553 | 1111011110 101000000100 101000001000001 010110011111011111
o =W | 0.023619 | 00010011101 0110011000001 | 111011110010110 011101100110100100
o =F | 0.020817 | 11011101011 1000000110010 | 000101101100110 101000111000110001
a; =G | 0.018682 | 10100111110 0001101101100 | 0101101010010110 | 1001001111110011101
o =Y | 0.015212 | 00001000000 01101001010010 | 0010110101001010 | 1010011000111000010
o, =P | 0.015212 | 01100100001 01010110101011 | 1100000111111101 1101110010101111000
o, =B | 0.012677 | 101001100011 | 10100110111100 | 10000101111001111 | 10010000100011001001
a, =V | 0.011609 | 011010001100 | 10000001011111 | 10011010010010011 | 01100011101110101100
a,, =K | 0.008674 | 110111000001 | 10111000101010 | 10100100001110000 | 10111100001100111010
0 =J | 0.001468 | 101010111111 | 011111100011100 | 10111011100101110 | 10101001011111010101
a,, =X | 0.000801 | 0101100111111 | 100001110010010 | 100001000111011001 | 011111011110100010101
o, =Q | 0.000801 | 1010101100010 | 011110001000011 | 011110111000100111 | 100000001011111001110
Oy = 0.000534 | 0001001001100 | 100100001011110 | 100011111100111010 | 001000110111001111011
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