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Study on a New Type of Discrete Random Contention System based
on Binary Tree Conflict Resolution Algorithm

Yingying Guo, Hong wei Ding, Yifan Zhao, Jing Nan, Donghuan Song, Pingping Yu

Abstract. This paper proposed a new type of discrete random contention system based on the literature [1],
researched it using the average cycle method, then get the formula of the systemic throughput for the new random
access protocol by building mathematical modeling; but the uncertainty of random multiple access on frequency and
time resulting in the conflict probability increases as the higher loading, therefore, introducing binary tree conflict
resolution algorithm is very important to improve the channel utilization. The paper analyzed the isolated binary tree
conflict resolution algorithm and then got the average length of timeslot of the algorithm; on the basis, the paper puts
forward a new type of discrete random contention systembased on binary tree conflict resolution algorithm. Analytic
formulate for throughput of the new discrete random contention system and the system based on the conflict
resolution algorithm are derived by building mathematical model and using the average cycle method. Finally, the
computer simulation experiments show that the correctness of the theoretical, at the same time, show that the new
discrete random contention system protocol based on binary tree conflict resolution algorithm is effective to further
improve the system performance.

Keywords: Kew type of discrete random contention system, isolated binary tree conflict resolution algorithm,
throughput, system performance.

1 Introduction

In the process of rapid development of human society, the communication network also developed with it rapidly.
Multiple access technology [2, 3] has been playing a key role in the rapid development of wireless communication
network [5], and even a significant symbol of the updating of mobile communication. Whether it is in a wireless
communication, satellite communication or in modern mobile communications, cluster communication, computer
network communication system, when there are multiple data communication terminals communicate with other
terminals through a common transmission channel simultaneously, it needs to select the appropriate multiple access
technology according to their own situation. The multiple access communication [4] is usually divided into two
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categories: fixed allocation multiple access communication technology and random multiple access communication
technology.

Random multiple access communication technology is an important wireless network communication technology
protocol. In today’s rapid development of a satellite communication system, packet radio network and computer
communications network, random contention multiple access control protocol get an increasing wide range of
applications in the wireless communication network due to its effective utilization rate and small forwarding delay
under a certain conditions. The advantage of random contention multiple access system is that the user can occupy
public resources dynamically, thus, can make the most use of the existing data storage spaces and information
transmission channels. However, because of the application of the share allocation strategy in multiple access system
[6, 7, 8, 9], make the random multiple access system are not fixed in time and frequency range, result in some
inevitable collisions in the transmission channels, and the conflicts are increase as the load aggravation. The
conflicting information packets need to be retransmitted, this will cause the delay of the system increase, and the
throughput s reduced. Therefore, using reasonable conflict resolution algorithm becomes a key issue to improve the
performance of random contention multiple access system.

In the various conflict resolution algorithms [11], the application of the binary tree conflict resolution [10, 12, 13,
14, 15] has been remitted the occurrence of the collision to some extent, greatly improved the performance of the
random multiple access system. Therefore, the paper is on the background of the direction of the laboratory
investigation, takes the new discrete random contention system [16] with packet length is 2 as research objects,
introduces the isolated binary tree conflict resolution algorithm, decomposing the impacted packets in the free
timeslot, it improves the channel utilization and system throughput to s great extent.

2 Analyses of Protocols

2.1 The new discrete random contention system

The system model is shown as follows:
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Fig. 1.1 Transmission mechanism of the new discrete random contention system

2.1.1 Analysis of the new discrete system

The assumptions are shown as follows before analyze the new system

1. The information packets arrival on the channel follows the Poisson distribution with an independent parameter
G, where G is arrival rate.

2. The channel is ideal and without any noise and interference.

3. Assume that the channel is divided into isometric TS on the time axis, and the len gth of each timeslot equals
unit length.

4. Assume packets arrived during idle time or collision time collides on the channel, then the impacted packets
stop sending information at end of the timeslot.

5. Packets arrived during the channel is busy to transmit information are remitted to the beginning of next timeslot
to transmit.

6. The length of successful packet is 2, and the length of impacted packet or idle timeslot is unit length.
The variables are assumed in the following before making mathematical analysis

1. U represents an event that the information packet transmit successfully, B represents a pileup on the channel, I
expresses the channel is in idle time, BI represents a joint event of B and 1.

2. [Z){NBI = I} represents the probability of i joint events appear continuously on the channel in a cycle period .

p{NU = j}represents the probability j successful events appear continuously on the channel in a cycle period.
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p{NU = j, NBI = i}represents a joint probability appear i joint events and j successful events continuously in a
cycle period.
3. S denotes throughput of a system. And
E(V)
E(BI)+E(U)

2.1.2 Calcul ate the system throughput

The transmission probabilities of information packet in the above random contention systems are shown in the
following two:
1. Packets arrived during idle time or collision time.
The probability that the channel is idle in a timeslot is

P,(0)=e"°
The probability that information packets transmitted successfully in a timeslot is
P,()=Ge™®
The probability that has x packets collided in a timeslot is
G'e™®
x!

2. Packets arrived during the channel is busy to transmit packets successfully.
The probability that the channel is idle in a timeslot is

P 0)= e”®

The probability that information packets transmitted successfully in a timeslot is
P, (1) = 2Ge*°
The probability that has xpackets collided in a timeslot is

P.(x=2)=

ZG Xe—ZG
P2y 2OV
X!
The average number of timeslots that packets transmitted successfully in a cycle period is
2
E(N,)=———
“o1-Ge™®
The average number of timeslots that packets collided or the channelis idle in a cycle period is
_1-2Ge™®
E ( N BI2 ) - _G _G
Ge " (1-Ge ™)

Then average probability that packets transmitted successfully in a timeslot is
Ge ®(1+2Ge*° —2Ge™®)

1-Ge™®
The average probability that the channel is idle in a time slot is

e ®(1+2Ge° —2Ge™®)

P=

P =

° 1-Ge™®
The joint probability is

et (1+26e-2Ge ), eC(1+2Ge*-2Ge ). .
Pl ) =228 Dy £ (r2Ee -2 ),

1-Ge 1-Ge
The average number of successful event in a cycle period is
P 1-Ge™®

E(N,)=—+

P1-P) 1-2Ge°(1-Ge®+Ge™)

The average number of collided or idle event in a cycle period is
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1 1-Ge®
E(Ng)=—==
(Na) P Ge°(1-2Ge® +2Ge ™)

The average length of successful packets in a cycle period is

20-Ge™®)
EU)= 1.1
©) 1-2Ge ®(1-Ge™® +Ge™®) -

The average length of collided or idle event in a cycle period is

1-Ge™®
E(BI)= (1.2)
(B1) Ge ®(1-2Ge ® +2Ge ™)
The throughput of system is
_ 2Ge®(1+2Ge*° -2Ge™®)

! 1+2G2%%¢ —2G% ¢

2.2 Analysis of Isolated Binary Tree Conflict Resolution Algorithm

The binary tree is an all-important structure, and many data structure abstracted from practical problems is often the
form of a binary tree, even a general tree can simply convert a binary tree structure, and its algorithm and storage
structures are relatively simple, then the binary tree is especially important. The binary tree is a finite set of
n(n > 0) nodes, or an empty set (n = O) ,or consists of a root node and two nodes, called left sub tree and right sub

tree of the binary tree, which are disjoint.

2.2.1 Conditions of the Algorithm

(1) Packets transmitted on the channel are activated according to Poisson distribution, the activation rate is G, and
the number of terminals, which need to send packets, are independent each other in any timeslot.

(2) The number of nodes in the system is not limited; all nodes sharing a common channel, the channel
information are fed back to channel in the first time; each node send information in the beginning of a timeslot, and
can confirmthe channel status (idle, success, collision) in a fixed time t.

2.2.2 Rules of the Algorithm

(1) The information sources, which send message packets in the same timeslot, are grouped together.

(2) Each activated source belongs to the same group do Bernoulli experiments independently. If the result is 0,
select the left slot to transmit information, and if the result is 1, then select the right.

(3) The information source occupied left slot separately sends information packets successfully, and stops doing
Bermoulli experiments. Otherwise, repeat the process (1), (2), and turmn to next step until all impacted packets
retransmitted successfully in the left slot.

(4) The information source occupied right slot separately sends information packets successfully, and stops doing
Bernoulli experiments. Otherwise repeat process (1) ~ (3), until the number of impacted packets is zeros.

Decomposition process of information packets for the algorithm is as shown in Fig. 1.2.

P = 2!C,\’]‘C8PN
Py1; =2!Cy'C;P"
Pr\To =1- PNO

The average number of timeslots in demand is
N/2

Ly =(2+[N—1)PN_1|1+(2+[N)PNO-I'Z(Z-I'[N—i +Li)P,
i=2
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Fig. 1.2 The decomposition diagram of isolated binary tree conflict resolution algorithm

When p = 0.5, the theoretical value of isolated binary conflict resolution algorithm in need is shown in table 1.1,

Py -11 PN -2,2

N-1,1 I:)N -2,2 PN -3,3

PN -3,3 I:)N

PN —4.,4

-4,4

I:)N—r,r

I:)Nfr,r

and computer simulation is also shown is the table.

Table 1.1 Theoretical value and experiment value of the average number of timeslots

N  Theoretical value = Simulation value N  Theoretical value  Simulation value
4.0000 3.9718 11 29.738 29.748

3 6.6666 6.6638 12 32.624 32.606

4 9.5238 9.4988 13 35510 35.530

5 12419 12.424 14 38.395 38.398

6 15313 15.275 15 41.281 41.278

7 18201 18.177 16 44.167 44.068

8 21.085 21.063 17 47.052 47.067

9 23969 23.938 18 49.937 49.944

10 26.853 26.850 19 52.823 52.823

As can be seen in the table, the simulation values and theoretical values of the average number of timeslots that
isolate binary tree conflict resolution algorithm need to decompose vary considerably small, the increase of n, the
closer of the simulations and theoretical values, and verify the correct of the theory.

2.3 Performance Analysis of New Random Contention System based on Isolated Binary Tree

Conflict Resolution Algorithm

Build the association random multiple access models combined binary conflict resolution algorithm and new random

contention system with packet length 2, describe and analyze it using average cycle method.

2.3.1 Calcul ate the mean value
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The joint probability of U and Bl event is
. e (142Ge*-2Ge ), eC(1+2Ge*® -2Ge®
Pl )= (C 1228 Dy € Q2 2O )
1-Ge 1-Ge
The number of idle slots is
P 1-Ge™®©
END=5 (1i P) G(- zee-g (1+Ge‘)ZG —Ge )
1 1
X(x>2)
collide in a cycle period is

E(N, )= P (1-Ge®)(G* ' (1-2Ge ®) +(2G)*e™®)
' R(-P) x!1Ge(1-2Ge® +2Ge *°)(1-2Ge °(1+Ge *° -Ge ®))
The average length of'idle slot in a cycle period on the channel is

(1-Ge™©)

)J

Assume there are impacted packets in a timeslot, and then the number of timeslots that has x packets

E(l)= 2.1)
(1) G(1-2Ge °(1+Ge ™ -Ge™®))
The average length of successful packet is
_ (a-G
EU) 2d-Ce ) 22)

T 1-2Ge ®(1-Ge ® +Ge )
The average length of that has x packet impact on the channel is
E(B,) = E(Ng)x

(1-Ge®)(G*(1-2Ge %) + (2G)*e ) 23)
~ (xD1Ge ®(1—2Ge ® + 2Ge ©)(1—2Ge ° (L+Ge © —Ge ©))
E(B,") = E(Ng)(@+L,)
(1-Ge™®)(G**(1-2Ge %) + (2G) e °)(L+ L) 24)
T (01Ge ®(1—2Ge © + 2Ge °)(1- 2Ge ° (L+ Ge = —Ge °))

2.3.2 Calcul ate the throughput

According to the definition of system throughput, the throughput of the system with conflict resolution is

EU)+Y EB,)

S, 2.5)

E()+EU)+ > E(B,)
x=2
Combines the formulas (2.1), (2.2), (2.3, (2.4) and (2.5), we conclude
S - 4G —(4G* +2G)e ™ +4G% ™ +e° -1
)=

_ a6 _90aG x AX] © x|
e —(26+1)e " +26e™ + -1+ +€
268 (26+1) % | 9Ge 8 1-¢ 1 1-2Ge ZG L, 2GZ(ZG) L,
G G X! X!
X=2 ' X=2 .

LX is the desired average length of timeslot that the collisions being decomposed successfully by the isolated

binary tree conflict resolution algorithm.
From literature [ 1], the throughput of traditional discrete random contention system is

S,=Ge™®
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3 Simulation Experiment of the Control Protocol

The simulation experiments of isolated binary tree conflict resolution algorith m based on the new random contention
system is based on the above theoretical analysis and Matlab. Assume that the channel is in an idle state in the
simulation process, that is there is no any interference and noise on the channel; the arrival rate of information
packets is G; the length of timeslot is unit length, the length of successful packet is 2 and the length of the collision
equals to the length of'idle timeslot, is unit length.

the comparison of theory and simulation the comprision of the three protocol
0.7 0.7 13 T 13 13 T T T 13
Theoretical value packet length is 2 without conflict resolution
06 *+  Simulation value P N N R packet length is 2 with isolated conflict resolution | |
. f‘ﬂ : /\ packet length is 1 without conflict resolution
05 s 05147
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Fig. 1.3 the comparison of theory and simulation of the new Fig. 1.4 the comparison of three protocols

random contention system based on isolated binary conflict

resolution algorithm

(1) From Fig.1.3 you can see, the theoretical value and simulation value of throughput for the association random
multiple access protocol combined binary tree conflict resolution algorithm and new random contention system
coincide with each other to prove the correctness of the theory.

(2) You can see from Fig. 1.4, the new random contention access protocol with packet length is 2 greatly improve
throughput than traditional slotted ALOHA, and the new random contention system based on binary tree conflict
resolution algorithmalso improve throughput than the new random contention protocol with packet length is 2.

(3) Whether traditional slotted ALOHA protocol, or new discrete random contention system, the throughput
approaches aero with heavy load, that is, the slotted ALOHA protocol is mainly in blocked state in the case of heavy
load, the new random multiple access protocol based on binary tree conflict resolution algorithm, even under heavy
load, the throughput has been maintained at about 0.368.

4 Conclusions

This paper mainly introduced a new random contention system, the mechanism of isolated binary tree conflict
resolution algorithmand a new discrete random access protocol based on binary tree conflict resolution algorithm. By
building mathematical model and using, mathematical methods to analyze and simulate the new random discrete
randomaccess protocol based on binary tree conflict resolution algorithm, and analy ze performance of the throughput
that reflected on the two curves. We know that the performance of systemhas been greatly improved when introduce
the isolated binary tree conflict resolution algorithm. However, due to invalid decomposition in the decomposition
process of isolated binary tree conflict resolution algorithm makes the change of performance is still limited.
Therefore, we can try to introduce the improved binary tree conflict resolution algorithm, or even N-tree conflict
resolution algorithm to random contention system and its performance is bound to get better improvement. The
inadequacy of the systemis to increase the complexity.
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