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A Study on Mitigation Techniques of Multiple Access Interference

in Optical Code-Division Multiple-Access Communication Systems
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Recently, optical code-division multiple-access
(CDMA) gains more attention in local-area and
access networks, due to its potential advantages
for simple protocol (i.e. random access) and
configuration, enhanced information security, as
well as enhanced flexibility in the granularity of
In optical CDMA

systems, each user encodes an optical pulse ac-

the provisioned bandwidth.

cording to an assigned code sequence to achieve
flexible multiple-access of large network capac-
ity instead of relying on fixed wavelength-division
multiplexing (WDM) or time-division multiplex-
Optical CDMA

systems suffer from multiple access interference

ing (TDM) channel assignment.

(MAI) originating from other simultaneous users,
which causes degradation of bit error probability
(BEP). Conventionally, the effect of MAT has been
mitigated by using three techniques such as appli-
cations of error correcting codes, MAT suppressing
techniques and modulations. However, in order
to increase the bit-rate or number of simultane-
ous users at the same BEP, we require mitigation
techniques of more MAI In this dissertation, we
propose techniques to mitigate more MAI com-

pared to conventional system in each of the three

methods using error correcting codes, MAI sup-

pressing techniques and modulations. We also fo-
cus on mitigation techniques of large effect of MAI
in Tunable Transmitter Fixed Receiver (TTFR)-
based optical on-off-keying(OOK)-CDMA systems
and propose an effective MAI suppressing tech-
nique.

Chapter 1 describes the general introduction,
the issue of MAI, and the conventional mitigation
techniques of M AT in optical CDMA systems.

Chapter 2 focuses on mitigation of MAI by using
error correcting codes and describes our proposed
PPM symbol decision by threshold detection in
Reed-Solomon coded optical pulse position modu-
lation (PPM)-CDMA systems. If either more than
two or zero correlator output exceeds the thresh-
old level, the modulator decides the received PPM
symbol as “a symbol erasure”. The proposed sys-
tem can reduce the effect of MAI because the num-
ber of correctable erasure symbols is larger than
that of correctable error symbols when the system
employs the same RS code. We theoretically an-
alyze the BEP of the proposed system and show
that the proposed system achieves lower BEP than
the conventional system using the maximum-value
detection.

Chapter 3 focuses on mitigation of MATI by us-
ing MAT suppressing techniques and describes our
proposed transmission scheme of optical pulses
with two-level intensities for on-off keying (OOK)-
CDMA system with double optical hard-limiters
(OHLs).
intensity level, the OHLs with the higher-level

In each weighted position with high

threshold value can easily eliminate MAI with
low intensity, while the conventional system can-

not eliminate the MAI. Thus, the proposed sys-



tem can increase the capacity for MAT suppres-
sion of OHL, and consequently mitigate the ef-
fect of MAI compared to the conventional sys-
tem in both cases with single OHL and double
OHLs. In addition, the proposed system with dou-
ble OHLs is not required to equip the dynamic
control of two parameters (i.e. the number of low-
level weights and value of low-level intensity ratio)
when the received optical power fluctuates, and is
more effective and practical than the one with sin-
gle OHL. We theoretically analyze the BEP of the
proposed system and show that the proposed sys-
tem achieves lower BEP than the conventional sys-
tem transmitting pulses with only one intensity-
level.

Chapter 4 focuses on mitigation of MAI by us-
ing effective modulations and describes our pro-
posed M-ary pulse-amplitude modulation (PAM)
coded CDMA system applying the chip-level re-
ceiver with M-level threshold detection. The pro-
posed system can obtain the synergistic effect be-
tween the chip-level receiver and PAM, which the
chip-level receiver suppresses the large effect of
MATI in the PAM-CDMA with the correlator and
the PAM has larger number of bits per pulse than
the OOK. As a result, the proposed system can
achieve higher tolerance to MAI than the OOK-
CDMA system with the chip-level receiver. We
theoretically analyze the BEP of the proposed sys-
tem and show that the proposed M-ary PAM-
CDMA system achieves a lower BEP than the con-
ventional OOK-CDMA system with the chip-level

receiver.

Chapter 5 focuses on mitigation of the large ef-
fect of MAI in TTFR-based optical OOK-CDMA
systems by using M AT suppressing techniques and
describes our proposed additional second time-
encoding scheme. The proposed scheme further
encodes the first-encoded optical pulses by us-
ing the second optical orthogonal code (OOC) as-
signed to the transmitter. The proposed scheme
can achieve higher code-spreading gain than the
conventional system without additional second en-
coding scheme because the number of weights in-
creases through the additional second encoding.
This results in mitigation of MATI even when other
simultaneous users transmitting pulses encoded by
the same code exist in the same network. We theo-
retically analyze the BEP of the proposed systems
and show that the proposed system can achieve
lower BEP than the conventional system with-
out the additional second time-encoding. We also
show that the combining proposed additional sec-
ond encoding scheme with DOHL achieves further
improvement of BEP when the number of other
simultaneous users employing the same code is
small.

Finally, Chapter 6 concludes this dissertation.
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A Study on Complexity Reduction of the Reliability-Based
Maximum Likelihood Decoding Algorithm for Block Codes
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Multi-symbol Universal Source Coding for Finite Window

Mohammad M. Rashid (Schlumberger Information Solutions)

Mohammad M. Rashid

(Schlumberger Information Solutions)

A probabilistic modeling combined with the

arithmetic code is an important research field in
the lossless source coding, and where to cope with
the non-stationary source the finite window (FW)
modeling and coding is practically sought.

In this thesis, another fundamental application
for multi-symbol source is theoretically and algo-
rithmically studied for FW modeling and coding,
and practical issues in the combination with a mile

stone method of context tree weighting(CTW) are



studied.

Also in the FW modeling, a prediction of new
symbol is crucial for the arithmetic code. For this
purpose, Krichevski-Trofimov( KT) estimator is
used in standard. In this thesis, the weighted KT
estimator over multi-symbol source, which can be
called as a zero-redundancy estimator, is studied
as its application. Basic theoretical analysis pur-
poses to show that this estimator has the optimal
expected redundancy in the FW setting.

In the memoryless source case, a combinatorial
argument is applied to show this asymptotic opti-
mality. In the more general Markov source case,
the large deviation theory and the renewal the-
ory are applied to show that the per symbol re-
dundancy in natural logarithm is the number of
essential parameters divided by twice the window
size. These had never been achieved in a simpler
method using Laplace estimator.

As an implementation issue, a new weighting re-

cursion for the zero-redundancy estimator is pro-
posed. A study shows that its computational com-
plexity improves the straight forward computa-
tion. Another issue is to incorporate the proposed
estimator in FW+CTW. Technical issues leading
to the sub-probability property is argued.

The thesis consists of six chapters. After an in-
troduction, in Chapter Two, elementary introduc-
tion to the source coding is provided. In Chapter
Three, FW algorithm is introduced. In Chapter
Four, the redundancy of FW zero-redundancy es-
timator is analyzed. In Chapter Five, implemen-
tation issues are given. In Chapter Six, the con-

clusion is given.

gooogd: oooooo
Schlumberger Information Solutions
Mohammad M. Rashid

E-mail: mmrubel@gmail.com

2005600 00000000000000 (IBIS2005) 0000

000D (Oooooooon)

@

t
0000 (ooooooon)
0ooooOoOO0ODD0ODDODDDODDOOO (IBIS:
Information-Based Induction Sciences) O 01998 O
bbb ooboooboobooo
gdbbodooobooobooboobooobooobg
gooooboooooboooooooooobooao
godoooooboobobobobobobbbooboogd

10

0000000 0DO0O0ooOOoooooo (NEC)DO
000000 (00:00 NEC)ODODOODOooOooOo
goooocooo
ooooooobooooobooooboooooooo
o0o010o0000o0o000ooooooooooo
goboooooooooboooobbooooobogon
2001000000000000000O0O0O0DODOO
uboooooooooboboboobooooooo
0000000000250 00000SITA OO
oooooOoo0oooooooooboo8ODoOon
gobooobooooboooooog
toobooooooooooobooOoooooooon
uboobooboocOooooooobOooOoobooooo
gboobooooooobobobobobooooooo



gboobobooooooooboooobooboo
gobobooooooobobooobooboooooboboooo
goboooboooooooooboooooboboOoon
gbooboooooooooooboboooooo
ooboocoooooooon
oooooooboooobobobobobooo
uboobooboooOooooobooboobooooo
oopoooooIBISOODODOOODOOOOOOOO
goobooboooooobooboooooboooo
O00oo0O0oOooIBIS2005 00000000000
000000 (000)0D000D000 600000
ubooboobooooooobOobooooobooooo
oooooooooopooo 4000000000
ooooooooooooooooo 100000
ubobooboooocoboooobobooobooooo
oobooooooooDo

00000000000 (0000 (000))
Intelligent Transportation Systems(O O O
0 (NEC)DODOD (000))
000000 (0000 (NTT))
ooooboooobooobboooboog
00000000000 (DOoDOo (0ooo
0)00D000 (0O00))

0000000 (0D)000000000o0000
O O OYedidia, Freeman, and Weiss O Generalized
Belief Propagation Algorithm 000000000
OO0OHebrew 00000000 O0ODO Yair Weiss O
0 O O Belief Propagation 00000000000

gogbogoboobboboboobboooboo
20060 110 9000 110030000000
0000000000000 D0O0OOO0O 500 (DDOo
00000) 00000000 20000000000
00000000000 0ODO0DO0OO0DOoODOD(o
gbboooobooooboouobooooobo
O00ooO0oooOoooon)
gooooooobbboboboobbbbobobog
goddoooooooobbbbooooooga
00000000ooooooooooooooo
godbogobooboobboobooboooboo
O000o0oooOo0oooooOoO0ooooooooo
godgooooooooooboobobbobbooogda
OO0ooOoooooooon
oooooo IBIS2006 0OOOOO (DO)O
oo0Doooooo20060 100 31000 110
2000000000000 O00DO0ODO0OCOODO
0000000 (D00 IBIS2006 000000
http://ibis2006.bayesnet.org 0000000
0)0oooooooo0o0oooooooooooo
oo ooooooooobooboo
O0o00oO0oooooooo
goodoooooobbooobobobobobooboog
O000o0oooO0o0ooooOoOo0ooooooooo
ggboogobooboobboobooboobo
O0o0o0o0oooOoooooOoooo
IBIS2005 0000000
http://ibis2005.bayesnet.org/

godbobboooobbbooobbbuoodobboooobo

000 (0ooo0)

000 (0O0Do0)

11

0000000 (0OODOO0oOooDoOOooUDoDOo
00000000000000000) 0020060
J0900000ooooooooon

HDD(ODOODOODOOOODO)OoOoooo 1990 O
00000 100%000000000000000
obooboobOobOooobooooobcoooooog



40% 000000000000000000000
gobooooboobobooobooboobooboo
gobooobobooboboobooboooobooo
00000000000 300000000 (00
00000000000 D)0D0D0O0O00ODOOO
00o00o0ooOoooooo HDbOoOoOooooo
0000000o00ooooooo0o000oOOg RA-
MACO IBMOOOOOOO S0 00000000
gooooopoooobobbbbboobooga
gobooobooboobobooboooboboboo
gododdooooooooobobooobooga
goboobobobobooboobooobooo
ggboboobooboobooooboon
oo ooomuooooooooo
0000000000000 D00ODOO0O (oo
O OODOoDODO0oOooOo PRMLOOOOOOO
00 (00 0)DBurst Error Correction by LDPC
Codes(LDPC OO D tutorial 00 0)0 00000
(000)00O0DO0D00D0D0D0DO0D0DOoDUO0ODOOO
0000 (000000000 tuterial 00 0O)OO
000 (b0ooL)WooOoooOOooooDOoOo R/W
000000000 (0D0)Mm Two-Dimensional
Constraints for Patterned MediaO O O (0 O 0O)0
0 Granular type(FccFePt) or (FesPt)/[FePt/MgO]
Tiled Media For Perpendicular Magnetic Record-
ingdAmarendra K. Singh 00 (000 0)MOOO
0000000000000 DOoOO0ODO (ooo)o
000000000000 00D0D0oO0oDO HDD
gobooobobobobooboobooobooo
gooooooboooboobbbbboobooga
gobooobobobobooboobooobooo
gooooooooobooboobobbbboobooga
00000000 oooD tworial DODOOOOO
gobooobgobobooobooboobobogoo
goobooobboooobbooobboogoo
DvbOoooooUoo PRMLODOOOOOOO
gooooooboooobboboboooooooga
gobooobooboooboobooobooboo
gooooogoo
000000000000 InterMag 2006(00 0

12

000000002006 00 San Diego 50 70
0050 120000000)00000000O0ODO
0000U0o0ooooooooooooooooan
oooooooooobooobooonooobboo
000000ooooooooooooooooo
gobddddoooooooooooobooboo
0000o0o0ooooooooooooooooo
goooooooooboooboboooooobooao
gooooooooooooobboooobobooo
00000000 OInterMagO O OOOOOOOO
gooooooooooooobboooobbooo
00o0oooooooooooooooooooo
goooooobooobooooouooobooo

goboooooooooboocooooooobooooo

godoooooboboobbobbbboboboooogga
goooooogooood

000O0O0O0D HISC2006(00 000000 50
230050 250)0000000 (0000000
0)00000 HDD 000000 PRML(Partial
Response Maximum Likelihood) 00000000
oo ooooooo

0000000000000 O0 HDDOOOO
0oooodbvDbDo ChOoOoooOoooooogo
gddddooooouoooobobobobbbogga
goooooooooboooboboooobboo
000000000000 bO0O0ODOooDOoD 2000
goddodooooooooobbobobbooboo
gooooooooooooobbooooobbooo
gdodoooooooooooooooobooo
gobddddoooooooooooobooboo
godooobooboboobbbbbboboboooogd
gooooooooobooobooonooobboo
00000000000 Discrete TrackD Patterned
Media, 0000000 (HAMR)OOODOOOOO
gooooooooooooobboooobbooo
googd

goboboooboooobooooboooooooo
gddoooooooboboobobbboboogda
gddodoooooooooooooooooog
gooooboooobobooobbobooooobooo



goboooobobobooobogooooobooo
gobooobobobobooboobooobooo

gobooooobao

ggobobooooooboooooobooo

0000 (0oooo)

SITA200 D0 O0UOO0OUODOODOOOOOOO
0(00)00O0OD 20050 110200000000
goooooooooobbbboonD ooooo
oooSITAooOoooooooooooooooo
SITAOIEEE Information Theory Japan Chapter(
gddooooooouoboobobbboboood
goooooobooboooboboooobboo
00000000 o00ooooDoooo IT)oooo
oo00oDDO0O00O0O000oDobOOoOoooDbOogoonD 1
goooooooooood

goboboooboooboobooboobooo
g oooboo

000000 (0oo0)

gobooooboobobooboooo

000000 (0ooo)

cGUUOoouooooooa

0ooooo (oo)

gddddoooooooooooo

ooboooooobooa

00000000 000000000 (Doo)

Space-time CDMA

160000000 ooDooooooooood
ooooooooooboooooooooboooao
gddoooooooboboobobbboboogda
goooooobooobooooooooobboo
gddddoooouoobooboboboooogga
goooooobooobbooobouooobooo
gddoooooooboboobobbboboogda
googd

0290000000000000000 (SITA2006) 0000000

0000 (0oooo0)

gboboooobooogoboobooo,booog
goooooooooooooooooo. ggd
gooooooooooboobobbboboood
gog.

00,0 290000000000000000
(SITA2006) D0 DOOO0OO0DDOOOODDOOOOO
gogpobo.oobbooboobbuooboob.

SITADOOOOOO 2040000000000
oobooooooooooooo. ooo, 20050
goobob,boobobbooobooo,oboba
gooboobobooooooooog.

gogodoooooooboooboobooboboobboo

13

ooooooo20s090D000DO0OO0DO0O. OO
000 SITA0DO0O0OOOOOOOOOOO,ooO
O0000ooSITADDOOOODOOODOOOOO
oooooOoOoOoOoOo,000SITAooooog
goooooooobooooooooboo. oo
gooocboooooboocooooo,bocbooao
goooooooobobo,booobgooboooo
oooocooooobOoo,b0oobooobcboooo
uboooobooOooooooobOobOobooooo
ooo.
coocoooobocoooooobooboobOOoboOobo
gboobooooooooooobobooboooog



gobooooooooboboooo

SITA2006 0000000000 O0OOOCOO.
SITA2006 DOOO0OOOOODOOOOOOOOOO
ooooooo,0opgooog,oo1woood
goooog.

0ooo:
00180 110 280 (0)-120 10 (O)
(110280 (0)00000000000
0O0000000D0000)

oooO:
000000 (DObooooooo 100,
JRODOOOODOO 150)
0042-0932 DOoOOODOOOO 10O
160 180
TEL 0138-57-0131(00)
FAX 0138-57-2272
Email info@hanabishihotel.com

URL http://www.hanabishihotel.com/

SITA2006 DOOOOOOOODOOOOOOOO
gboobooooooooooobobooobooo
goo.

SITA2006
T~ EHEE

Hokkaido

Hakodate -

A
\

ooboooooobobooboboooboobog
gobooooobbooob. obbobooobooo
00000000000 00000o0OO0o0oO (O
00 www.hakonavi.ne.jp/ 0000)00O0.

000000000000 (ooo,00,00)0

14

goooooooooooo. oooogogooo
00000000000 oooooooooooo
0ooooooooooooooooo. oooo
goboobooooboobooboooobooo, o
oooooo0ooooooooooooooooo.
g ogono
0ooooooooooooooooo. oooo
gooboboooo,booooobobbboooob
goo.

O000O000ooOoOoooo SITA2006 000
goooo,b0bbbooooobobbboooob
oooo.

000 ISITA2006 00000000000, 00
OOoooOooooo,SITtAooooooooooo
oooooooooooOooooooooooo,o
gogbooobooboobobg.

oooooooooooooooooooooo
og.

e 7000 SITA2006 0D OUOODOODOO
e 8000 D0DDOODDOOODDODOOOODODO
90 10 DOODODOODO

e90 290 0DOUDUDODOOD (OO)

¢ 100 190 ODODDOOOODOODO

¢ 100 280 JODOOOOODOOODO

¢ 100 310 OODDOOOODOOO

e110 170 OO0OOOOODOODODOOO

oooooooooooooooooooooo
gooog.

SITA2006 OO O OO

0090-8507 DOODODOODODO 165

000ooo0ooooooooo

gobooboobobooobo

SITA2006 OO O OOOOO

TEL: 0157-26-9329

FAX: 0157-26-9344

URL: http://sita2006.cs.kitami-it.ac.jp/

Email: office@sita2006.cs.kitami-it.ac.jp



ISITA2006 OO OO

— Invitation from General Co-Chair —
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As a General Co-Chair, it is my great pleasure
to invite you to the 2006 International Sympo-
sium on Information Theory and its Applications,
ISITA2006.

The series of ISITA symposia was founded by
the Society of Information Theory and its Applica-
tions (SITA) in 1990. The past symposia were held
in Honolulu in 1990, Singapore in 1992, Sydney in
1994, Victoria in 1996, Mexico City in 1998, Hon-
olulu in 2000, Xian in 2002, and Parma in 2004.
Now we have the ninth in this beautiful city, Seoul.

On behalf of SITA, T would like to express our
gratitude to Professor Jong-Seon No and his team
for taking a difficult task to organize ISITA2006.
Last year the Board of the IEEE Information The-
ory Society selected Korea as the host country of
the 2009 IEEE International Symposium on Infor-
mation Theory (ISIT2009). I hope that ISITTA2006
will lead to great success of ISIT2009.

Since Claude E. Shannon established the basis
of information theory in 1948, this theory has been
bringing a greater impact on the modern society.
As IT technologies become more and more per-
vasive in every aspect of our society, its role has
become more important than ever, in achieving

reliability, efficiency and security in transmission
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and storage of information. Accompanying this,
ISITA is expected to play increasingly important
role to contribute to the progress of the IT society.
In this context, it is significant that ISITA is going
to take place in Korea, one of the world’s leading
IT countries.

Finally, I would like to invite you all to join us
at ISITA 2006. I expect you will be able to obtain
a variety of information here and extend your net-
works in information theory community. I hope
all of you will enjoy this symposium and your stay

in Seoul.
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