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Editorial Note

The Joumal of Thai Interdisciplingry Research (JTIR) was established with academic cooperation by
the Nakhon Pathom Rajabhat University, The Royal Society of Thailand Committee of Interdisciplinary
Research and Developmen! and Rajabhat University (Western Group). This Issue, Volume 14 No. 1 (January-
February 2019) contains ten research articles in diverse fields: (l) Causes of unusual pomelo leaf after flooding in
NakhonPathom province, (2) Fruit morphologicai characteristics and fruit qualify of pomelo cv. Tabtim Siam grown
in Nakhon Pathom and Nakhon Si Thammarat Provinces, (3) Genetic variatiors for 'Nam Hom' coconut (Cocos
nuciftra I..) grown in the westem region of Thailand using AFLP markers, (4) Half binary exponential increment
double decrement back-offalgorithm to enhance the saturated throughput of IEEE802.I1 wireless LAN, (5) The
prototype development of traceability system of LSB steganography in image files with Base64 and'MD5 encoding,
(6) Analysis of salicylic acid using square-wave voltammetry with pre-poncentration by solid phase extraction onto
magnetite nanoparticles, (7) Cloud storage applicatlon firnctionalities from users' perspectives, (8) Effects of
chelation therapy in patients affected from heavy metal todcity from gold mining in Loei Province: case study of
arsenic toxicify, (9) Applied social media and the effects of its use during vacation travel: A case study of Millennials
in Thailand, and (i0) Factors affecting perfornance of standard application and indicator for greenhouse gas emission
in green oflice, Thailand.

The Editorial Board of the JTIR encourages anyone to submit articies for evaluation and review.
The processes of submission, review and publication of articles are described on the joumal's website,
https://www.tci-thaijo.org/index.php/jtir. The Editorial Board and Committees of the JTIR sincerely thank all peer
reviewers who have sacrificed their time to help us produce a better journal, and also wish to thank all teachers,
researchers and other academicians for submitting their valuable research to this joumal. Finally, we thank readers
of our joumal who help to spread the knowledge and benefits gained to others. With your feedback and
suggestions, we will strive to improve the quality and relevance of the JTIR.

Yongyudh Vajaradul
Editor

Joumal of Thai Interdisciplinary Research
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Half binary exponential increment double decrement back-off algorithm to
enhance the saturated throughput of IEEE80z.ll wireless LAN

Jesada Sartthong

Department of Electrical Engineering, Faculty of Science and Technology, Nakhon Pathom Rajabhat University,
Nakhon Pathom 73000- Thailand

Abstract

In wireless local area network (WLAN), the back-off algorithm is used to reduce the collided packets in carrier
sense multiple accesses with collision avoidance protocol (CSMA/CA). Normally, the collided packets occur when
two or more packets are sent in the same timeslot. This research proposes a new back-off algorithm in
retranstnission process for improving the saturated throughput of IEEE802.1l WLAN. A proposed scheme is called
half binary exponential increment double decrement (IIBEIDD) back-off algorithm. The throughput performance of
a proposed algorithm is compared with four existing back-off techniques namely: double increment double
decrement (DIDD), exponential increment exponential decrement (EIED), binary exponential increment half
decrement (BEIHD), and random increment binary exponential decrement (RIBED) back-off algorithms. The
accuracy of all back-off algorithms is compared in a discrete time Markov chain model in fixed back-off states and
contention window (CW) sizes. Numerical results show that the saturation throughput of HBEIDD back-off
algorithm is more stable than the existing back-off techniques under high traffic load condition.

Keywords: back-off algorithm, CSMA/CA protocol, contention window, saturation throughput

Arti:le history: Received 18 May 2018, Accepted23February 20L9

1. Introduction complexity, but its advantage is more accuracy at high
Presently, a main practical problem of random traffic load condition. In fact, the back-off scheme

multiple aacesses in wireless channels is the collision of which is presented in [1] and [2] is the binary
transmitted packets because the collision can degrade exponential (BEB) back-offalgorithm. The performance
the throughput and faimess efficiency of WLAN. Back- of BEB back-off algorithm is analyzed and presented
off algorithm is a common technique for reducing the that the optimum contention window size is 

"rln, 
,

co11isionprobabi1ity.oneofthesimp1estwayStoreduce
the colliiion p.obi"- is the usige of a sampling where n is the number of contending nodes, and T" is

random-time to delay the next retransmission packet. thedwationofacollision. Next,Chatzimisiosandetal.
Significantly, a key concept of designing back-off L4, 5l introduced the double increment double
algorithms is how io seleci an optinrum lontention decrement back-off algorithm @D-). The contention
window size for the maximum throughput, fairness window size of the DIDD back-off algorithm is a
index and smallest packet delay. In retransmission double increment after a collidedpacke! andthe CW is
process, the next contention window size will be a double deffement after a successful packet
selected to be higher than the cwrent size after a failed transmission. Performance of DIDD back-off scheme
transmitted packet. A bottleneck problem is when the can be enhanced in terms of throughput efficiency
contention window is selected at a larger size, then the without estimafing the number of contending nodes.
packet delay will also be higher. Many researches in Also, Nah-Oak Song and et al. [6] have proposed an
this field aim to soive this problem. Several researches exponential increment exponentiai decrease (EIED)
to address this issue have been reported in the literature. back-off algorithm- The main characteristic of EIED

Since 2000, Bianchi [1] inh'oduced a discrete time back-offalgorithm is that the contention window size is
Markov chain model in saturation channel to analyze the exponential increment after a collided packet and the
the performance of IEEE 802.11 distributed exponential decrement after a successful transmission.
coordination function WLAN as well-known Bianchi's The throughput efficiency of EIED back-off method is
model. The advantage of Bianchi's model is low presented that it is higher than the BEB back-off

' 
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scheme. In addition, the authors [7]-[12] have
presented the binary exponential incremeat half
decrease back-off (BEIHD), random increment binary
exponential decrease back-off (RIBED), and log back-
off (LB) algorithms.

The aim of this research is to extend from the
previous works, and develops the contention window
size adjustment scheme to eni'rance fhe saturated
throughput. A proposed technique will employ in the
half binary exponential increment after a failure
transmission and double decrement after a success
transmission. The accuracy of the proposed scheme is
compared in a discrete time Markov chain model. We
consider the case offixed back-offstates and contention
window sizes. The back-off states are varied from 0 to
7 states, and the contention window sizes are varied
from 0 to 1023 timeslots.

In this research. the wireless channel is ideal and
memory less condition. Many parameters are not
investigated, such as hidden stations, captured effect,
noises, and attenuation. All data packets are the same
size. and medium access control uses the carrier sense
multiple accesses with collision avoidance protocol. A
current collision is independent in the past, and all
contending nodes in a same service atea are
synchronized and saturated condition.

2. Existing Back-Off dgorithms
Four existing back-off algorithms have analyzed in

this paper. Firstly, the double increment double
decrement (DIDD) back-off algorithm can be modeled
in a discrete time Markov chain as shown in Figure 1.
Significantly, the contention window size of DIDD
back-off technique is double increment after a,faiied
transmission and a double decrement into the previous
back-off state after a successful transmission. Using
discrete Markov process, the probability of next state
depends on the probability ofcurrent state.

In this investigation, parameter D means the frozen
back-off countdown probabilify when the channel is
sensed busy, and parameter C means the collision
probability. Also, parameter j means the mrmber of

retransmissions or back-off states, and parameter cw
means the contention window size (time-slot) in back-

off process. Parameter Ar* is the probability of a

contending node at back-off state j and contention

window sizecw . After a contending node has failed the
fust transmission, next reffansmission process changes
into back-off countdown process. Before the
retransmitted packets are sent through wireless LAN
channel, the size of contention windows is randomly
selected and reduced slot-by-slot from cw to zero. In
Figure 1, an initial back-off state is set to be the

minimum contention $dndow size,(Af=r).W" use the
global balance equation in the queling theorem to

derive all state probabiiities.' fne piobabiliry of Af,;o=,
is given by []

(1 -C)A:-*0=0 +DA50=? +( l{)A5:0 = (t-D)A:;o=,

( l-c)el;o o +1 1-c)A5:o = (t-2D)A5o-?

^  j -o  -  ( l -C)  n ;=o  -  ( l -C)  ^ ;= rA:;"='-(l-2D;Ai""=o*frfrAi-' (l)

k- Bae*df *indorsiz*{tiir**lors} *-**

Figure 1 DIDD back-otralgorithm

If wireless channel is still idle, the contention window
sizes are reduced by one time-slot. Then the state
probability moves to A[o=u and it is derived by

' .
(1-D)A51? +DA5L = (1-D)A5o=6

(r-D)A51? = (r-2D)A5o=6

,r  i -o - ( l-D) ^;=onc*-e -f;l$^w=z

Substituting (1) into (2), we get
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A j -0 -  (1-DX1-C) 
o i  , '  *  

( l -DXl-C) 
o; - ,  ( .1 \

" c " - o  
( l _ 2 D ) ,  

" c n - 0  '  
( l _ 2 D ) :  

, ' r r v - 0  \ J  '

If the channel is still idle for more than DIFS time, the
contention window size continues to reduce slot-by-siot
until to zero (cw:0). In a similar way (1) to (3), the

probability of state Aflo can be derived as

r r i r - 1

Al;10:(r-c)l++ | al-o-., rtr-ol++ I Al.l-0 (4)
L(r-2D) l  L(r-2D) l

To simpiif lz the notation, we denoteH:(1-D)/(1-2D).

The maximum number of retransmission or back-off
state is fixed at 8 states. Be applying a queuing

theorem, the state probabilities of Ai-.lo , Af,*t=', Alilo ,

Al=,.10, A'li,'=., Al-."u=', and Al-j=o can be derived by

A:;:=o : cHl5A:,"0=o + 0- c)H'tel;10

A[: o : cHr I Al,] o *( t-c)u''Rl;'-o

AiTo : cH63 A:=,f o + 11- c)Hut allo

A51o : cH'"A:;3=o + 0- c)H'ttA51o

A5:o : cH2" A51o + 0- c)H"' Af,,,u=o

A1=*u=o : cH "' A:;o + 0- c)H" t alil=o

e1;1=o : cut ott ai;,u=o + cu' ot' n5"'=o

Secondly, Figure 2 shows the exponential increment
exponential decrement (EIED) back-off algorithm
which is modeled in a discrete time Markov chain. The
EIED back-off algorithm is different from the DIDD
back-off algorithm, if a retransmitted packet is
unsuccessful then a new contention window size is
selected an exponential increment. On the contrary, the
packet is successful transmission; a new contention
window slr,e will be an exponential decrement.

Similarly in (1) to (4), the state probabilities of A[9:0,

A.-*1=0, A5.t=0, A:;:=0, 4510, A5,'=0, Ali1o, A5.10
can be derived as

I i=o [(1-C/rs)t1] s,
. l l < l n  - t - 1 1 < 1  L

Hza5j=o+
[(1-Ctls)t7 +C/r5Wi

i{  l -c/31)/71 f  , rro,=,
[ ( l - C / l  5 ) / 7  +  C  1 1 5 1 L ? 1 " ' ' c u  

- o

l 5
\ - u z r i = o  '

/  L L  n ^ . , , - ^ l

r5lQ-ct31)t71{B\a

l i l-c/63)/i5l $ rrro,-,
l0!Ct3t)11 +CB I j tj" 

"*-o

3 l

3 rL(1-C/63)/r5 +C/$1fiFs'arl "+

I t c t121) t3 t l  $ , r ro i= ,
[( l -C/63)/7+C /631L" "*.  o

Back-offwindosrsize{:ime*trr*} ** 4
ilqiFrl

(12)

f l i )
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(6) 5 e 0
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Figure 2 EIED back-off algorithm
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Thirdly, Figure 3 shows a discrete Markov chain model

of the binary exponential increment half decrement

(BEIHD) back-off algorithm. The method.of BEII{D

back-off algorithm is the binary exponential increment

after a successful transmission. On the contrary, if the

transmitted packet is successful, a new contention

window size will be a half decrement. For simplicity,

we denote

Figure 3 BEIHD back-off algorithm

el=-:=^= !r;c/111,- f H'n1*10*' -cw=u 
7[Ro+Cfts l f l

JITIH'e5'=o(R3+C/ls)

^ i - ,  -  c  iA:;l-. : 
r sr*Fc,, r) fu' e5j=o+

. -,=,!=,.,,  " ' f  
H'a510*

15[Ri,+C/31] z=_l

!59=n'a'',',=o
(R;+C/31)

^ i = 2  -  c  { tA1;1.: 
3 (Ria/63) lu' e'j-o+

- .r= -,1. =,r-.t" f u'a5'=o *
31[R6J{/63] z=1

t-!c/I11], 
""o5,=,(R;+C/63)

R::(1 - (c/15)Y71, Ri:tl - (c/3 0l

R3{r -(c/63)1, q:li - (c427)l

(20)

Q l )

Q4)

Qs)

({1-(c/255)1, ni:n-(c/511)l (22)

R::11-(cno23)l \23 )

The state probabilities of BEIHD back-off algorithm are

similarly derived to the previous back-off algorithms,

and which are given by (26)
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:[[(c/8)H15]4(1-(c/15)IH'lle#=, (33)
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63
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a 6 3
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^ 12'7
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Figure 4 RIBED back-off algorithm
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3. Proposed Back-Off Algorithms
A proposed back-off algorithm is developed fiom the

previous works [] explained in section 2. The proposed
algorithm is improved by selecting a suitable contention
window size between the half binary exponential
increment after a failure transmission and the double
decrement after a success packet. The proposed

(28)
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C  , , 5 r r  ̂  i = ?-
5 1 l ( R ; + C / s l  l )

Finally, the RIBED back-off algorithm is modeled in a
discrete Markov chain as shown in Figure 4. The
difference among the DIDD, EIED, and BEIHD back-
off techliques is that the transmission is unsuccessful
and a new contention window size is randomly
increased. On the contrary, if the transmission is
successful, the new contention window size is reset to
an initial back-off state. Similarly, the state probabilities
of RIBED back-offalgorithm can be derived as

l 5

el-9=,:ll0-(c/r5)IHzl4(c/8)HrsllAl;: o e2)
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algorithm is called half binary exponential increment

double decrement (HBEIDD) back-off algorithm' and

discrete time Markov chain model of the I{BEIDD

back-offis shorved in Figure 5' Let us denote

vf :t(1 - (c/7)/71, v;:tl - (c/ls)l

v; :tl - (c/3 1)1, v;:tl - (c163)l

voa:fr-(c/127)], Vo':[1-(cl2ss)) {42)

v06:[1-(c/511)], vJ:[1-(ct1023)] (43)

v;:(c/1023) g4)

F- Bck+lywinlsvsia{tim*1*:} ----t{

{{'te}

Figure 5 FIBEIDD back-offalgorithm

Similarly, we can show that the state probabilities of
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Alj,=o arc given by
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r s l )

{s2)

1
z

E
&

a

g
7',

5
f

z
I
I
l-

A  J _ '

A i=5

. , '  ^.-==,f ln 'a1; ' --r- ,
$N:+ct127)?-r

**-^H'"Al='10

-adr^rfu'n5*'=o*

tq#,,,'H"'al;10

,"#a-riin'n5;='*

iq#^",t"'Al7=o

(45)

r  i=6
A-u=o

ni i^ : - - j  - fn 'e5io*"cw:o 51\vl+vilZ

-.$ -s'"'Ai;10
[vJ+vo"]

4. Saturated Throughput Calculation
The transmission probability of competing node

( A*. ) is the summation of state Ari\ toA[1=o , and the

transmission probability is ,an important parameter to

calculate the theoretical throughput' The transmission

probability of contending nodes canbe calculated from
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T a j
2 l ' - c v = 0

(53)

All contending nodes are operated in the inflastructure
mode, and charnel access control uses the CSMA/CA
protocol with RTS CTS mode. The procedure of packet
transmission is shown in Figure 6. In this research, we
concern only the saturated throughput to compare the
performance of all back-off algorithms. Similarly to [1],
the maximum theoretical saturation throughput is given
by

Sat. Throughput:
O.u".O,*nr.x(MSDUxS)

T o,,.,.on : RTS+DIFS+delay

Data = lMSDUx8 bitsl/fSpeed (Mbps)]

Al.,-o + Al--o * A:"-, *l
A i *  u+A1, , -o -A : "_ . * l
n!,.=o + n],,-o )

(5e)

(60)

(s4)

Parameter @,**. means the transurission probability,

@."^. means the success probabiiity, and O"olri,. means

the collision probability. 1,.o.. iS the time period of

successful transmission, ?fld lou;.ion is the collision

period. In addition, parameter n means the number of
contending nodes in service area. Time periods of
CSMA/CA protocol with RTS CTS mode based on
IEEE802.1 1a at 54-Mbps use to calculate ali
throughputs of back-off algorithms. Physical layer
parameters of IEEE802. lla are listed: a time-slot
( \ro, : 94s ), short inter frame space ( SIFS :16 ps ), DCF

inter frame space (DIFS =34 ps ), medium service data

unit (MSDU : 1024 bytes), request to send frame (

(55) RTS:24 ps ), clear to send frame

( CTS = 24 ps), delay (9 p"), control fiame speed

(56) (l Mbps), data speed (54Mbps),and acknowledgment

frame (ACK:304 ps ). The saturated throughput of ali

(57) back-off aigorithms arc calculated by using the
proposed Algorithm 1

Algorithm 1: saturated throughput calculation
Begin

Step: 1 to set parameters D:= 0.05 , n :=1,2,3,...40
Step: 2 to calculate the transmission probability

of DIDD back-off algorithm used
equations (53), (4)-(1 1).

Step: 3 to calcuiate the transmission probability
of EIED back-off algorithm used
equations (53), (12) to (19).

Step: 4 to calculate the transmission probability
of BEIHD back-offalgorithm used
equations (53),(24) to (31).

Step: 5 to calculate the transmission probability
of BEIHD back-offalgorithm used
equations (53), (32) to (39).

Step: 6 to calculate the transmission probability
of HBEIDD back-offalgorithm used
equations (53), (45) to (52).

Step: 7 to caiculate the periods: \re , Lrision ,
and Data used equations (58), (59) to
(60).

Step: 8 to caiculate safurated throughput used
equations (5a) to (57)

End

[(1-@,,un.. )1,o, +o,*n,.o.u".1,*",. tl

L@r.unr.O"ottir.lotLi.ion ]

@*,.  =1-(1-A. , " t . ) "

@.u". = n^,ut (1 *A"ul )" /[1-(1 -4",.) ']

@"ott is .  = 1-  @.u".

s

Figure 6 Transmission periods of CSMA/CA in
RTS CTS mode

In Figure 6, transmission periods of success and
collision packets are calculated from

fu."...:DIFS+RTS+CTS+3SIFS+4de1ay+ (5g.)
Data+ACK
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Figure 7 Saturated throughput of considered back-off

algorithms

5. Numerical Results and Discussion
For this research, numerical results ate analyzed

from different techniques of contention window size

adjustment. The performance of all back-off algorithms

focuses on the saturation throughput efficiency as

shown in Figure 1. All back-off techniques are

calculated in the same length of contention window size

and back-off states. In this case, the correlation

between saturation throughputs and nllmber of

contending nodes are compared.-The results highlight

that the saturated throughput of BEIHD back-off

algorithm is higher than the other back-off algorithms

on a few contending nodes. The results show that when

the contending stations are more lhan 4 nodes, the

saturated throughput of HBEIDD back-off algorithm is

better than the performance of all considered back-off

algorithms. Until the contending nodes have more than

30 stations, the maximum saturation throughput seems

to be the both HBEIDD and EIED back-off algorithms.

On average, the numerical result of the FIBEIDD back-

off algorithm is a suitable contention window size

adjustment scheme at high traffic load condition.

6. Conclusions
The purpose of this research determines a new

contention window size adjushnent scheme for

improving the saturated throughput of wireless local area

network. A proposed technique is the half binary

exponential increment double decrease (HBEIDD) back-

off algorithm. The performance of HBEIDD back-off

algorithm and the considered back-off algorithms are

compared by applying the discrete time Markov chain

model in fixed back-offstate and contention window size.

Our numerical results show that the saturation throughput

of HBEIDD back-off algorithm oufperforms the existing

back-offalgorithms (DIDD, EIED, BEIHD and RIBED)

at high traffic load condition. Further research needs to

investigate the relation between throughput and packet

delay of all back-off schemes in non-saturated channel

based on IEEE 802.1 ln/ac.
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