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Random Multiple Access Protocol combined Binary Tree
Conflict-resolving Algorithm and the 1-persistent CSMA Protocol

Yifan Zhao, Hong wei Ding, Yangshui Gao, Yingying Guo, Jing Nan, Ping ping Yu

Abstract. This paper presents a new random multiple access control protocol — 1-persistent CSMA control protocol
based on improved binary tree conflict resolution algorithm. First, the paper gives an outline of 1-persistent CSMA
and the binary tree conflict-resolving algorithm by building a mathematical model and using the average cycle
method, and then respectively obtains the throughput and the number of time-slots of the protocol and the algorithm.
The simulation results are given, and agree well with theoretical values. But, in a shared channel, each user
independently sends information packets randomly, and it is prone to conflict and resulting in the failure. Especially
to the 1-persistent CSMA control protocol, when the load is larger, it has a lower throughput and greatly increasing
the probability of channel conflict. Therefore, bringing in the binary tree conflict-resolving algorithm is a good
method to improve the throughput, especially the improved binary tree conflict resolution algorithm. So at last, the
paper introduces the random multiple access protocol combined improved binary tree conflict resolution algorithm
and l-persistent CSMA protocol, obtains the throughput and gives the simulations of the joint protocol. Theoretical
calculations and experimental results show that 1-persistent CSMA protocol with conflict-resolving has a better
performance.

Keywords: 1-persistent CSMA; binary tree conflict resolving algorithm; throughput; the number of time -slots;
random mu ltip le access.

1 Introduction

Random multi-access technology [1, 2] has been developed rapidly after the 1970s. It has been widely applied in
satellite communication, wireless packet network and computer networks due to allowing users to access channel
conveniently and flexibly. There are many factors measuring the performance of random multi-access technology,
such as throughput, QoS, power consumption and utilization ratio of the channel. But the throughput is very
important performance index. If throughput of the web system is too low, the data sent by users may be not
transmitted successfully.

In a shared channel, each user independently sends information packets randomly, but it is prone to conflict [3, 4]
and resulting in the failure of the sending of the information packets. But 1-persistent CSMA protocol [5, 6] has an
inevitable collision in the channel, therefore, we need to introduce a reasonable conflict-resolving algorithm [7, 8] to
decompose and retransmit the impacted packets.
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2 Analyses of Models

2.1 Analysis of 1-persistent CSMA protocol

It will sense the channel status while each node sends information packets, if the channel is in an idle time slot,
then the data will be sent in the beginning of the next TS immediately, but if the channel is sensed busy, the packet
will be transmitted immediately until the channel is detected in the idle state. The control model of 1-persistent
CSMA is shown in Fig.1.

TP TP TP TP

T

Fig.1 The control model of 1-persisent CSMA

Before analyze the system performance, the assumption is shown as follows:

The information packets arrival on the channel follows the Poisson distribution with an independent parameter G

The channel is ideal without noise and interference.

Assume that all packets are of unit length and @ denote the maximum propagation delay of the information
packets. The systemtime is divided into time slots.

Packets arriving at the last time slot during the idle time must wait for the next time slot to transmit. If the number
of'the packet equals to one, it transmits successfully, otherwise it trans mits unsuccess fully.

The probability of no packets on the channel is P = e % , and the probability of no packets in a transmission
period, TP, is p = g @G,

The probability of that appear j idle events I continuously in an idle time is

P{N — J}= (e—aG)j—le—(1+a)G

I

The probabilities of that appear i TP continuously in a busy period is

P{N W = |}: (1_6—(1+a)G)|—1(1_e—aG)

The joint probability that appears i composite events BU and j idle events I continuously in an cycling period is

P(Nl — j, NBU — I) — (1_e—aG)(l_e—(1+a))|—1e—(1+a)G (e—aG)J—l

The average number of the idle slot E[j]is

: 1
E[j]l=—c
=1

So the mean length of'the idle time E [I] is
. a
E[']ZaE[J]Zm )

The average number of slot time E[i] is

1
Elil= e

The mean length E [BU] is

. l+a
E[BU]=(1+a)E[I]=€CI.Tm (2)

E [Ul] denote the mean length of the packet that arriving at the last slot time during the idle time and be
transmitted at the first slot time in the transmission period, TP. E[U2] denote the average length of the packet that
arrived in the transmission period and be transmitted successfully.
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P(i, j) can be identically equal to

p(', J) — zCik [(1+ a)Gef(Ha)G ]K [1_ ef(1+a)G _ (1+ a)c;ef(lJra)G ]iflfk (1_ efaG)ef(lJra)G (efaG)jfl
k=0

aGe *®
E[L11]==1tjgi;§
E[U,]= (1 +2)G
aGe *°
E[U]: E[LJ1]+E[LJ2]:F+(1+ a)G (3)
Combi ___EM1 ~ -
ombine (1), (2), (3)and S = , the throughput of 1-persistent CSMA is
E[BU]+E[I]

B aGe—(l+2a)G +G (l— e—aG )e—(1+a)G
(L+a)(l—e™®)+ae ¢

2.2 Analysis of the improved binary tree conflict decomposition algorithm '’

The mathematics processes of decomposition mechanism are:
When there is a collision occurred in the packets sent by two active terminals within a time slot, as shown in Fig.
2. There are the following two situations:

P20

0, P11

Pus

p
# Piy

Fig2 Thetree structure of the improved binary tree conflict decomposition (M=2)

(1) The left and the right slot each has a packet respectively, decompose success fully. The probability is:
21C.CIP? 1 1
P,=—21 =CIC/P"=2(2)*==
2 2 2
(2) The left or the right slot has two packets; the other slot has no packet, decompose unsuccessfully and need to
be re-decomposed. The probability is:

P,, = 2ICZCJP? =%

The average number of slots for the successful decomposition is:
L, =2R, +(1+L,)Py $o L, =3

The decomposition efficiency is:

7= _2,100% = 66.7%
L 3

When there is a collision occurred among three active terminals, making them do Bernoulli trials independently, as
shown in Fig.3, the experimental results will appear the following three situations:
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Fig.3 Thetree structure of the improved binary tree conflict decomposition (M=3)

(1) The left or the right slot has three packets, the other has no packet. The probability is:

P,, = 2C3C2P°® =%

(2) The left or the right slot has two packets, the other has one packet. If the left slot has two packets, the system
stop to re-do Bernoulli trials until the packets send successfully, then transmit the right one. Ifthe left has one packet,
the system re-do Bernoulli trials after the left transmit successfully until the right slot decompose successfully. The
probability is:

21CiCZP? 3
Pu=hR, = 32 = C;C22P3 = 8

The average number of slots for the successful decomposition is:

L, =1+ )Py +(2+L)P, + 1+ L,)R,

So L, =4.833

The decomposition efficiency is:

n=M __3 L 100% = 62.073%
L, 4833

When there is a collision occurred among four active terminals, making them do Bernoulli trials independently, if
the result is “0”, and send the packets on the left slot; if the result is “1”, and send it on the right slot. As shown in
Fig.4, It will appear the following four situations:

p40 p31

22

P

Fig4 Thetree structure of the improved binary tree conflict decomposition (M=4)

(1) The left or the right slot has four packets, the other has no one. Like M=2, we have
1

Pip = 2C{CP* =
(2) The left or the right slot has three packets and the other has only one, Like M=3, we have

21c’cp? 1
2

Py=Pa = ~cicip =5

(3) The left and the right slot both have two packets and send unsuccessfully, then the system stop to make them
re-do Bemoulli trials, decompose the left packets first, and then to the right, until the right slot decompose
successfully.

21c:czpt 3

Py = 2 :CECSP“:_
2 8

The average number of slots for the successful decomposition is:

L=+ L)Pa + 2+ )Py + (14 )Py + (14 2L, )P,
So L, =6.762

The decomposition efficiency is:
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M4 100% =59.154%
L, 6.762

The average numbers of time slots of N impacted information packets decompose successfully using the improved
binary tree conflict decomposition algorithm is

[N/2]
Pon + p{(N—l)[3+ ZE(LN—l)]+ Z pi(N—i)[1+ E(Li )+ E(LN—i )]
=

1- pON

Take M=2, 3, -+, 25 in the simulation experiments, the theoretical values and simulation values are shown in the

]7:

E(LN):

following table.

Table.1 the theoretical values and simu lation values of the average slot length (slot)

L* L*
M o al M
theoretica simulation value theoretical value simu lation value
value

2 3.000 3.006 3 4.833 4.802
4 6.761 6.705 5 8.709 8.735
6 10.657 10.678 7 12.600 12.561
8 14.543 14.493 9 16.485 16.458
10 18.427 18411 11 20.369 20.343
12 22.312 22.270 13 24.255 24.225
14 26.198 26.156 15 28.141 28.096
16 30.083 30.036 17 32.026 31972
18 33.969 33913 19 35911 35.853
20 37.854 37.792 21 39.797 39.738
22 41.739 41.678 23 43.682 43.619
24 45.624 45.559 25 47.567 47.499

2.3 Analysis of random multiple access protocol combined binary tree conflict-resolving
algorithm and 1-persistent CSMA protocol.

In a shared channel [11, 12], each user independently sends information packets randomly, but it is prone to
conflict and resulting in the failure. By now, adding 1-persistent CSMA protocol in the channel, then, each user sense
the channel status before sending packets, if the channelis in an idle time slot, then the data will be sent immediately,
this makes the probability of occurrence of the channel conflict greatly reduced. However, due to the transmission
delay and other factors, 1 - persistent CSMA can’t completely avoid the occurrence of the conflict. When the load is
larger, 1 — persistent CSMA has a lower throughput and greatly increasing the probability of channel conflict. By
now, using improved binary tree conflict-resolving algorithm to decompose these collisions, the other terminals stop
sending signals during this time until all collisions being decomposed, then the system re-use 1-persistment CSMA
protocol. As shown in the Fig.5.
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Fig5 The control process of the protocol that combinedthe improved binary tree conflict decomposition algorithm and 1 -persistent CSMA protocol

The joint probability that appears i composite events BU and j idle events I continuously in an cycling period is

PLN, = j,Nq, =i}=(L-e % )(1-e 00} e o (%) i 212, j=12,..

. P
Eljl=—=—7"—
Po(l_ Po)
E(N)=—1—
Py (1_ po) , P, = G(1+a)e—G(1+a)
_ PX [G(1+a)]xe—G(l+a)
BT e e

E(B;) = E(N,)a
E(B)=E(N,)x1 E(B)=E(N,)L+a)
E(B,)=E(N)x E(B)=E(N)@ a)¢L,L

LX is the desired average length of time slot that the collisions being decomposed successfully by the improved
binary tree conflict resolving algorithm.

Fromabove, we have

E(B)+ > E(B,)

S = 00
E(B,)+E(B)+ X E(By)

G(1+a)e®™

ae® + (L)Y 1]+ (14 a)iLx[G(if al

The following figures are the comparison diagrams of 1-persistent CSMA protocol and 1-persistent CSMA
protocol with conflict-resolving.
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the comparison diagram of 1-persistent CSMA and 1-persistent CSMA with conflict-resolving
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Fig9 a=0.07,the throughpu forthe two protocols

Fromthe above, the following can be obtained:
When a take a small value(less than 0.1), 1-persistent CSMA protocol with conflict-resolving reached the
maximum while arrival rate is very small and as the delay increases, the maximum value of the throughput

2 3 4 5
arrival rate(G)

gradually decreases.

When the arrival rate gradually increases, l-persistent CSMA protocol with conflict-resolving reached a stable
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Fig.10a=0.09, the throughput forthe two protocols

T T
1-persistent CSMA with conflict-resolving
1-persistent CSMA

|

[

—

1

2

4 5
arrival rate(G)

throughput, and when a increases, the stable value of the throughput gradually decreases.

For 1-persistent CSMA access technology, the variation of the theoretical value of the throughput is to be increased
as the increase of the arrival rate and then decreased rapidly, and the throughput reaches a maximum when the arrival
rate G=1. After a gradually becomes larger, the maximum throughput will gradually becomes small and reaches the
maximum value in the arrival rate is less than 1.

Regardless of the value of a, the theoretical throughput of 1-persistent CSMA protocol with conflictOresolving is

higher than that of 1-persistent CSMA access technology.

4 Conclusions

This paper mainly introduce the mechanism of 1-persistent CSMA access technology, the improved binary tree
conflict-resolving algorithm and the improved binary tree conflict resolving—1-persistent CSMA protocol and analyze
the throughputs of three protocols by building mathematical models. Theoretical calculations and experimental results

show that 1-persistent CSMA protocol with conflict-resolving has a better performance.

1240

6

Figl1l a=0.1,the throughpu forthe two protocol



Corresponding Author Hongwei Ding (1964—), male, Professor of Yunnan University, PhD Degree. Mainly
engaged in the research of random multiple access communication system, polling system, network communication
engineering.

Acknowledgements This work was supported by the National Natural Science Foundation of China (61072079);
Natural Science Foundation of Yunnan Province (2010CD023); Graduate Scientific Research Fund of Yunnan
University (ynuy201047).Thanks for the seriously guidance of Professor Dongfeng Zhao.

References

Zhao Dongfeng. Study on a New Method for Continuous-time Systems of Random Access Channel. Journal of Electronic
Science. 1999. 21(1):37-41.

Zhou Ningyu, Zhao Dongfeng, Ding Hongwei. Analysis of Slotted Two-dimensional Probability Multi-channel and Random
Multi-access Ad hoc Networks Protocol. Tsinghua Science and Technology. (Manuscript received Janaury 15,2007).

Tobagi F.A.HuntV.B.Performance Analysis of Carrier Sense Multiple Access with Collision Detection. Computer Networks,
Oct-Nov. 1980, 4: 245-259.

Capetanakis J I.Tree algorithms for packet broadcast channels. IEEE InformT heory, 1979, 25: 505.

Zheng Lili, Zhao Dongfeng, Ding Hongwei. Performance analysis on multichannel 1-CSMA protocol. Journal of Yunnan
University (Natural Sciences), 2006, 28(4): 307-311.

Xu Bo. Binary Tree-Based Conflict Resolution for Improved 1-persistent of the CSMA Protocol. Yunnan University, Kunming.
2011.

Gulko E.Tree-based multiaccess protocols where collision multiplicities are known.IEEE Trans Commun, 1985, 33: 999.

Zhao Dongfeng, Li Bihai, Zheng Sumin. Study on Two-Ary Tree Algorithms of Packet Conflict Resolution for Random
Channels. Journal of Yunnan University (Natural Sciences), 1996, 8 (25): 260-264.

Huang Huawei, Zhao Dongfeng, Hou Fen. Analysis of Binary Tree Collision Resolution Improved Algorithm. Journal of
Yunnan University (Natural Sciences), 1999,21 (1): 67-70.

[10] Zhang Ting, Zhao Dongfeng, Sun Yunshan. Study on Improved isolated algorithm of conflict resolution for binary trees.

Journal of Yunnan University (Natural Sciences), 2004, 26(2): 119-122.

[11] Zhao Dongfeng. Study on Average cycle Method for Slotted Multiple Access Communications. Journal of China Institute of

Communications. 1999. 20(8): 8 0-85.

[12] He Wei, Nan Jingchang, Pan Feng. Improved Dynamic p-Persistent CSMA Protocol. Computer Engineering. 2010.36(21):

118-120.

1241





