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A theoretical deepening of mean performance optimization in finite Markov
decision processes and its application in information theory
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This research considers optimizing performance in Markov chains satisfying
conditions (a) and (b), and we apply the optimization to source coding. (a) The performance in each
state s_i of the Markov chain is determined by the performance function f_i(t_i), i=0, 1, ... , m-1,

and we choose each state’s variable t_i. (b) The variable t_i determines the transition probablllty
p_i (s_j | s_i, t i) from state s_i to state s_j and the pair of variables t = (t_i, i =0, 1, ..
m-1) uniquely determines the stationary distribution Q i of the states s_i in the Markov chain. The
optimizing method for average performance under (a) and (b) was applied to the almost instantaneous
source coding.
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Algorithm 1 ZefF (a) £ (b) %73 BoB(LEEE M [KE7 L= ) X 4 [A]

AT & (a) & (b) Ziifiie 3 BRHERBIE p;i(sj]s:, i), 4,7 € T, & TEREREEK fi(t:)
HA:

£(opt) . (t§°Pt))iezm;={0,1,---,m—l} €  argmax Z Qi fi(t:)
(t)iezm €(T)iezm icT,,

PRTIR—=R ¢jit1,] € Im—1 & cjjp1 0 EFIHLT 5.
repeat

(&j,j+157 € Im—1) + (Cjj+1,7 € Im—-1) & &j41,7 € Im—1 ZEHT 5.
for each i€Z,, do XXT ¢ %ZEHIT 3.

i—1 J m—2
ti argmax{fi(ti) = i1 >_pilsi | st + ) cig
tieT; =0 k=0 j=i

k=j+1

for each j € I,,_1 do R T ¢ 1 ZEHT 5.
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6: until (éj,j.{_],j € Im—l) = (Cj’j.f_l,j (= Im—l)
7: return (¢;,1 € Iy,)
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Algorithm 1 Algorithm 2

Algorithm 2 %&fF (a) & (b) Zifi/ THRELRIEEZB RET VTV X 4
AN & () & (b) Ziifije 5 BEHERBEE pi(sj]si, ti), 4,5 € T & TEREBIEK £i(¢:)
HA: (1) © tlopr)

: NTX—& Cj,j+1,j € Im—l & Cjj+1 < 0 t%)]ﬁﬂﬂ:?‘é

1
2: repeat

3 (Gj+1,7 € Im-1) « (Cjj+1,5 € Im—1) & &jj+1,) € Im—1 ZEHT 3.
4 XART Ck,j,k‘,j €Tm-1 BEDD.

j—1 k—1
Chj 1= ) Ciitl = ) Cijinrl (4)
i=k i=j

5. foreach i€Z, do XXT t ZHEHFIT3.

t; argmax{fi(ti) + Z cijpi(s;y | siati)} (5)
t;eT; GE€Tm
6: for each j€Z,_1do XXX (4) DELHEREME, ¢jj11,] € Ln1 ZEHT 3.
D Qi filts) = filt) + Y cigpilsy | sist) (6)
i€Tm FE€Im

7. until (¢,5+1,J € Zm—1) = (¢jj+1,J € Im-1)
8 return (t;,7 € Z,;,)

GV [11[2]
[1] K. lwata, H. Yamamoto, ~~An Algorithm for Constructing the Optimal Code Trees
for Binary Alphabetic AIFV-m Codes, ™" Proceedings in 2020 IEEE Information Theory
Workshop (ITW), pp.261-265, April 2021.
[2] "N
" , vol.122, no. 427, 1T2022-102, pp-218-223, 2023 3

®) [3]
[3] Ken-ichi lwata, Hirosuke Yamamoto, ~“Joint Coding for Discrete Sources and
Finite-State Noiseless Channels, ™" Proceedings in 2022 IEEE Internal Symposium on

Information Theory (1s17), pp- 3340-3345, 2022, DOl :
10.1109/1S1T50566.2022.9834437 .
© [4]

[4] K. lwata, K. Hashimoto, T. Wakayama, H. Yamamoto, ~“AIFV Codes Allowing 2-bit
Decoding Delays for Unequal Bit Cost,"" 2024 IEEE Internal Symposium on Information
Theory (ISIT), accepted, 2024.

[5] K. Hashimoto, K. lwata, "~ Optimality of Huffman Code in the Class of 1-bit
Delay Decodable Codes,"" IEEE Journal on Selected Areas in Information Theory,
vol.3, no.4, pp.616-625, Dec., 2022, DOI:10.1109/JSAIT.2022.3230745.

[6] K. Hashimoto, K. Iwata, ~“Properties of k-Bit Delay Decodable Codes,"" IEICE
Transactions on Fundamentals of Electronics, Communications and Computer Sciences,
vol. E107-A, no.3, pp.417-447, Mar. 2024, DOI:10.1587/transfun.2023TAP0016.



[A] H. Yamamoto, M. Tsuchihashi, and J. Honda, ~“Almost Instantaneous Fixed-to-
Variable Length Codes,"" IEEE Trans. Information Theory, vol.61, no.12, pp.6432-
6443, Dec.2015, DOI: 10.1109/T1T.2015.2492961.

[B] R. Fujita, K. lwata, H. Yamamoto, ~~An lterative Algorithm to Optimize the
Average Performance of Markov Chains with Finite States,"" Proceedings in 2019
IEEE Internal Symposium Information Theory (ISIT), pp. 1902-1906, Paris, France,
Jul. 2019, doi:10.1109/1S1T.2019.8849856.

[C] R. Fujita, K. lwata, H. Yamamoto, ~~An Optimality Proof of the Iterative
Algorithm for AIFV-m Codes, "" Proceedings in 2018 IEEE Internal Symposium Inf.
Theory (ISIT), pp- 2187-2191, Vail, USA, Jun. 2018, DOI:10.1109/1SI1T.2018.8437861.
[D] K. lIwata, H. Yamamoto, ~~An Iterative Algorithm to Construct Optimal Binary
AIFV-m Codes, ™" Proc. of 2017 IEEE Information Theory Workshop (1TW), pp-519-523,
Kaohsiung Taiwan, Nov. 2017, DOI:10.1109/1TW.2017.8277992.



Hashimoto Kengo Iwata Ken-ichi

Optimality of Huffman Code in the Class of 1-bit Delay Decodable Codes 2022

IEEE Journal on Selected Areas in Information Theory 616-625
DOI

10.1109/JSAIT.2022.3230745

HASHIMOTO Kengo IWATA Ken-ichi E107.A

Properties of k-Bit Delay Decodable Codes 2024

IEICE Transactions on Fundamentals of Electronics, Communications and Computer Sciences 417 447

DOl
10.1587/transfun.2023TAP0016

2023

45

2022




45

2022

Iwata Ken-ichi, Yamamoto Hirosuke

Joint Coding for Discrete Sources and Finite-State Noiseless Channels

Proceedings of 2022 IEEE International Symposium on Information Theory

2022

Hashimoto Kengo, lIwata Ken-ichi

On the Optimality of Binary AIFV Codes with Two Code Trees

Proceedings of 2021 IEEE International Symposium on Information Theory

2021

Iwata Ken-ichi, Yamamoto Hirosuke

AIVF Codes Based on lIterative Algorithm and Dynamic Programming

Proceedings of 2021 IEEE International Symposium on Information Theory

2021




Iwata Ken-ichi Yamamoto Hirosuke

An Algorithm for Constructing the Optimal Code Trees for Binary Alphabetic AIFV-m Codes

Proceedings of 2020 IEEE Information Theory Workshop (ITW)

2021

AIFV

2020

(Yamamoto Hirosuke)

(30136212) (12601)

(Hashimoto Kengo)







