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Abstract: This paper presents a characteristic of data transmission in bus network in which each datum has
a priority and the number of priority levels are three or more. In this bus network, each station is connected
to a bus through a switching-hub which establishes a link from a sending station to a receiving station.
When the receiving station is sending data or receiving data, the link cannot be established and the sending
station has to wait a little waiting time (stand-by time). Then, by defining the link probability as a constant,
the bus network is analyzed.

Taking note of one of the sending stations with r(r=3) sending buffers for data with priority, in steady
state, a balance equation of the probabilities of the number of waiting data at the ready time of sending is
expressed. From the equation, for each priority, probabilities of the number of waiting data, mean of the
number of waiting data in the sending buffer and mean waiting time which is the time from the arrival time
of a datum at the sending buffer to the beginning time of sending the datum are derived. The calculated
values of mean waiting time are illustrated and mean waiting times with priority processing are compared
with mean waiting time without priority processing. As a result, the influence of the link probability on data
transmission with priority processing is clarified.

Key words: Bus network, priority processing, probability of the number of waiting data, mean of the
number of waiting data, mean waiting time.

1. Introduction

In bus network which is a primary topology for LAN (Local Area Network), recently, stations are
connected to a bus through a switching hub which establishes a link from a sending station to a receiving
station. As studies in bus network, the proposal of the dynamic bandwidth allocation [1] for Ethernet
PON(Passive Optical Network), the time synchronization on Gb/s Ethernet [2] which is necessary for the
wide distributed system and the host configuration mechanism to network in Ethernet and wireless LAN [3]
are studied. For application of Ethernet, an application method in industry [4], the performance of
industrial Ethernet [5] and the performance of TDMA based network [6] are reported. And, about ad hoc
network, impact of mobility [7], [8] are studied.

In bus network with a switching hub, a sending station has to wait for sending when the receiving station
is sending or receiving data. [ already reported a characteristic of data transmission in bus network under
the condition that the link probability is defined as a constant [9], [10].

In the case of transmission of different kinds of data, such as text, sound and graphics, priority processing
is necessary. For priority processing, the proposal of MAC protocol with priority adjustment [11] and the
simulation of MIN with priority routing [12] are studied. And, CAN with priority [13] and ad hoc network
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with priority [14] are reported. I also reported bus network with two priority levels [15]. However, in order
to consider a characteristic of bus network with more priority levels, the analysis in the case of two priority
levels is not sufficient.

In this paper, a characteristic of data transmission with priority processing in bus network which has
three or more priority levels is clarified. Taking note of one of the sending stations which has r(rz3)
sending buffers for data with priority, probabilities of the number of waiting data, mean of the number of
waiting data in the sending buffer and mean waiting time from the arrival time at the sending buffer to the
beginning time of sending are derived. Furthermore, the calculated values of mean waiting time are
illustrated and mean waiting times with priority processing are compared with mean waiting time without
priority processing. As a result, the influence of the link probability on data transmission with priority

processing is clarified.

2. Modeling Of Bus Network with Three or More Priority Levels

The bus network shown in Fig. 1 is analyzed.

Switching hub

@@= Stations

Priority level 1 data
Priority level 2 data
Priority level 3 data

Priority level r data

Priority level 1 data
Priority level 2 data
Priority level 3 data

Priority level r data

Priority level 1 data
Priority level 2 data
Priority level 3 data

Priority level r data

Fig. 1. Bus network with three or more priority levels.
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Fig. 2. Flowchart of data transmission.

In the network, each station has r(r=3) infinite buffers for priority level data, which are called as sending
buffers. Each priority level data arrive at a sending buffer corresponding to priority level in different
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Poisson process. Priority level 1 is the highest level and priority level r is the lowest. The arrival ratio for
priority level i (i=1,2,---, r) data is A;. At the ready time of sending, if priority level 1 data exist in the sending
buffer and a link to a receiving station is established, the station sends the first priority level 1 datum in the
sending buffer. If not established, the station has a little waiting time (called as stand-by time). If there is no
priority level 1 data, the station checks priority level 2 data. If priority level 2 data exist and the link is
established, the station sends the first priority level 2 datum. If not established, the station has stand-by
time. If there is no priority level 2 data, the station checks priority level 3 data. The same processing is
performed, and finally, if priority level r data exist and the link is established, the station sends the first
priority level r datum. If not established, the station has stand-by time. If there is no priority level r data, the
station has stand-by time. Defining the link probability as a constant g, the flowchart of data transmission is
shown in Fig. 2.
Taking note of one of the sending stations, the sending station is modeled as Fig. 3.

Sending datum Priority level 1 data
If not exist = Check level 2 data

Priority level 1 data A | — > ! Link probability g = H/0)
(-q) = H(0)
v
Priority level 2 data A5 — > Priority level 2 data
If not exist —> Check level 3 data

Link probability g = F{f)
() = H(®

Priority level r data A

. Priority level r data
Sending buffers Ifnote)dst*HC(t)

Link probability ¢ = H(?)
(-q) = H ()

Fig. 3. Model of a sending station.

Transmission time is arbitrary distributed and the distribution function (DF) of the transmission time for
each priority level data is denoted by H,(t) (i=1,2,:--,r). The stand-by time is arbitrary distributed and the DF
of the stand-by time is denoted by H.(t).

3. Probability of the Number of Waiting Data

3.1. Balance Equation

Let Pninz,-.nr be the probability that the number of priority level i(i=1,2,:+-,r) waiting data in the sending
buffers is n; at the ready time of sending. In steady state, the following balance equation is obtained.

o ny/+1 ny' n'
Rz,',n/,m[,n,f = qI zal (n,' —-n,+ l,t) Zaz (nz' - nz’t)DD 0 zar (”r' - ”r’t)Rq,,n_,,[[u,.dH1 (t)
0 n=1 ny=0 n,=0

@ ny'+1

+q_|. o, (n,0) Yo, (n,) =, +1,6) >y (' = ny,t)000 Y, (n, - n,t)R, .., dH,(1) o0
0 ny=1 . ny=0 n,=0
[ ]

0 n/'+1
+ qj a,(n/st) 0, (n),0)000a, , (n,/s0) D0, (n,'=n, +1,t) B, ., dH, (1)
0 n.=1

+ (l—q)j Zal (nl'— nl,t) Z(Xz (nz’—nz,t)DDD Zay (nr’—nr,t) F;II'HJ,LJMI dH, (t)
ny=0 n,=

0 m=0 =0

.

139 Volume 6, Number 2, April 2017



International Journal of Computer and Communication Engineering

In equation (1), a, (n,t) is the probability that n priority level i data arrive at the sending buffer within

time t.

e (M)

pr (=1,2,-,0) (2)

a,(n,t)=

Here, in order to make analytical procedure plain, let the number of priority levels be 3, i.e. r=3.

Taking iii after multiplying x"'x,”’x,"" in both sides of equation (1) under r=3 and

n,'=0 n,'=0 ny'=0

transforming into a generating function form, the following equation is obtained.

_ 1
T g
><[G2(xz,x3){x%H2*(z)+(l—q)H:(z)—l} 3)

+G, ()%){i[—[; (z)+(1—q)H: (Z)—l}-i-PQ,w {Hj(z)—l}]

X3

where H*(z) (i=1,2,3) and H.*(z) are the Laplace-Stieltjes Transformation(LST) of Hi(t) and H.(t),
respectively,and z= &, (1-x,)+, (1-x, )+, (1-x,)-

The generating functions of the probabilities of the number of waiting data are defined as follows.

o0 22 o0
n n n
G, (x,,xz,x3) = z Z zprt],nz,n3 XX, Xy (4a)

G, (xzax3) = z z PO,nZ,n3 x," x;" (4b)
ny=1n;=0
G, (x3) = z Foon, x;" (4¢)
ny=l1

3.2. Probabilities of the Number of Waiting Data

When x, =x,=x,=1 inequation (3), the following equations are obtained.

{a=arh —(1-q)hh, | G (LL1)={ghh, +(1-q) Ak, } G, (L1)

(5a)
- {qxlhj‘ + (1 - Q)xlhc } G; (1) - )\’lhc])(),(),() =0

{qhoh +(1=q) Ak, | G (LL1)—={q—gh,h, —(1-q)A,h } G, (L1)

(5b)
+{ghyhy +(1-q) Mk, } Gy (1) 40,1, =0
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{@hsh, +(1=q) b} G, (LL1)+{ghsh, +(1-q)Ash, | G, (L1)
_{q —qh;hy _(1 - q)%hc } G, (1)+7‘3hcpo,0,0 =0

In equation (5a), (5b) and (5¢), hi and h. are means of H;(t) and H,(t), respectively.
Because the sum of all probabilities is equal to 1, equation (6) is obtained.

G, (1, 1 1) +G, (1, 1) +G, (1) +£,,=1
From equation (5a), (5b), (5¢) and (6), the following probabilities are derived.

_ 7\’1hc
qil= (A + gk, + Ah) + (A + A + 4R}

G,(1,1,1)

G, (1L1)= i
2V gil= Ay + Xk, + 0sh) + (M + 0, + XA}

G,(1)= Mol
T qll= Oy 4 Mk + k) + (R + )

Fpo =1-G,(1,1L,1) = G,(1,1) = G;(1)

(5

(6)

(7a)

(7b)

(7¢)

(7d)

G, (1, 1,1) is the probability that the number of priority level 1 waiting data is one or more at the ready

time of sending. G, (1,1) is the probability that the number of priority level 1 waiting data is 0 and priority

level 2 data is one or more. G, (1) is the probability that the number of priority level 1 and level 2 waiting

data is 0 and priority level 3 data is one or more. P,,, is the probability that there is no waiting data.

4. Mean of the Number of Waiting Data
4.1. Priority Level 1

From equation (3), d
X

1

sending buffer can be derived.

From equation (3), G,(x,1,1) is expressed by equation (8), (9a) and (9b).

G, (x,,1,1)=

A (x,)=G,(.D{gH; (z,)+(1-H, (z,) -1}
+G,(){qH; (z,)+(1-H. (z,) -1}

P00 {H: (zl ) - 1}

G, (x,.1.1)| which is mean of the number of priority level 1 waiting data in the
1\ b0 =1

(8)

(9a)
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B,(x,)=1-LH(z,)-(1-q)H (z,) (9b)

X

where z, = Xl(l—xl)_

When x, =1 after differentiating equation (8), the following equation is obtained

d
—G,(x,1)], = (10)
dx, 5Dl 2{B/ (1)}’
where
A/ (1)=G,(LDlgh, + (1= q)hh} 119
+G3 @ {q}\’lh3 +(1- CI))Hhc }+P0,0,07\'1hc
B/ (1)=g-gMh, —(1-q) M, (11b)
and
AL (1) =G gAY +(1-gA 12a)
+ G3 Dig 7”12h3(2) +(1-g )7“12 hc(Z) } +Po,0,0}‘12hc(2)
B/"(1)=—-2q+2g\h, — gk h” —(1—q) [ A (12b)

hi(z) and hc(z) are the second moments of the DFs of H;(t) and H,(t), respectively.

4.2. Priority Level 2
Using x, =6,(x,,x;) which satisfies that the denominator of equation (3) is equal to 0, the following

equation is obtained.

G, (x3){xl gH; (2)+(1-q) H. (2) =1} + By, {H(Z) 1]

G, (x,,x;) = - - (13)
- H,(2)-(1-q)H.(2)
X,
where z = A {l—é‘l(xz,)@)}-i—kz(1—x2)+7»3(1—x3).
and 51 (xz > xs) satisfies the following equation.
q * [~ * [~
1-—1  H(z)-(1-¢q)H (z)=0
6,(x,,X;) 1( ) ( ) ( ) (14)
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From equation (13), d G, (x,,1)]. which is mean of the number of priority level 2 waiting data in the
d , > Xo=

case that the number of priority level 1 waiting data is 0 can be derived. From equation (13), G,(x,,1) is

expressed by equation (15), (16a) and (16b).

G, (x,,1)= ‘;2 82; (15)
A, (x,) = G,(D{gH; (2,)+ (1= H] (2,) =11+ By o {H. (2,) -1} (16a)
B,(x,)=1--LH, (z,)-(1-9)H (z,) (16b)

X5

where z, = Xl{l—é‘l(xz,l)}-l-kz (l—xz).

When x, =1 after differentiating equation (15), the following equation is obtained.

d A(1)B,(1)-A(1)B,(1)
d_GZ (xzal) |y = 2 17)
X, 2{B, (1)}
A, (1) =G;(1) {—q;20h3 -(1- Q)g’z()hc} ~ oo glzohc (18a)
BZ' (1) = q+q2’20h2 +(1—q);'20hc (18b)
where ;'20 = ;'2 -
and
Azﬂ (1) =G;(D) {Q(;zo )2 h3(2) - qgnzohs +(1- Q)(;zo )2 hf) (192)
- - - a
—(1- Q)Zuzohc} + Po,(),o {(leo)z hc(z) - %”20}10}
Bzﬂ(l) =-2q- 292’20}12 - Q(;’zo)zhf) +q ;’zohz (19b)
—(1=g)(Z)" B + (1= q)Z"h,
where ;"20 = ;"2 L
On the other hand, from Z) = A {1 — 5(x2 )} +A, (1 —xz) )
and equation (14) under x, =1, the following equations are obtained.

O g —qAh —(1-q@)Ah,
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;20 ==40" — (20b)

o 20(00) +28h 2 +h G i Gy~ (200
10 q—qih, —(1-q)Ah,

;’20 /115"10 (20d)

From these equations, Z,, and Zz”,, can be calculated.

4.3. Priority Level 3
Using x, =3J,(x;) which satisfies that the denominator of equation (13) is equal to 0, the following

equation is obtained.

— (21)

where z= 2, {1-6, (8,060, )}, {1- 8, (x,) 1+, (1-x,).

and g (6,(x,),x,) and gs,(x,)satisfy the following equations.
SR Y (?)—(1 —q)H! (?) -0 (22)

(23)

From equation (21), G,(x,),. which is mean of the number of priority level 2 waiting data in the

X3
case that the number of priority level 1 and level 2 waiting data is 0 can be derived. From equation (21)

G, (x;) Is expressed by equation (24), (25a) and (25b).

As () (24)

(25a)

*(=) (25b)
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When x; =1 after differentiating equation (21), the following equation is obtained.

B, (1)=q+qz,h +(1—q)Z,h,

where ;’0 = ;’
x;=1

and

A (1)= By (2, h” = 2,1}
B," (1) =-2q- 2‘];0]73 - CI(;O VY +q z"oh3

~(1-)E ) H +(- )b

where ;"0 :;"

x3=1
On the other hand,

;: A {1_51 (52()63),)63 )} A, {1=6,(x;) ) A, (1_x3)

and equation (22), (23), 0"y, 03, Z, and 0"y, 0”3y, Z’, canbe derived.
x,=1 0’130 = 61(0,(x;)x;)

Here, 0",, =0",(x; , 2y =2
, 0130 = 0"1(0,(x;)x;)],

x3=1 x3=1"

" — "
0"y =0",(x;

5. Mean Waiting Time
5.1. Priority Level 1

(26)

(27a)

(27b)

(28a)

(28b)

The probability that the number of priority level 1 waiting data at the end of sending data is n," is

denoted by Rlnl,, and then the following equation is obtained.

oon '+1

RI”/ (1 1 1 jza - +1’Z) Z ZP”p”z,ﬂsdH1 (t)

0 m=l1 n,=0n;=0

(29)
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Taking Z after multiplying xl"" in both sides in equation (29), and transforming into equation of the

n '=0

GF, equation (30) is obtained.

G, (x,L1)H, (z,) (30)

o0

— n

where G, (xI)— E R, x;".
n,'=0

On the other hand, the probability that the number of priority level 1 arrival data during waiting time and

sending time for priority level 1 datais »," is equal to R]n[" so that the following equation is obtained.
R, = [o,(n/,t)dW, (1)@ H, (¢) (31)
0

where W, (t) is the DF of waiting time for priority level 1 dataand & is a convolution operator.
Taking z after multiplying xl”" in both sides of equation (31) and transforming into equation of the

=
n'=0

GF, equation (32) is derived.
GRI(XI):VVI*(ZI) HI*(ZI) (32)

where Wj*(zl) is the LST of Wj(t)

From equation (30) and (32), WI* (z) is obtained as follows.

N 1
W =—@G 1,1 33
! (Zl) leJ(l,l,l) I(XI’ ’ ) (33)

When z, =0 after differentiating equation (33) by z,, the left side of equation is obtained as follows.

dWI—(ZJ) l,—o =—w, (34a)

where W, is mean of W, (t)

On the other hand, the right side is obtained as follows.

d Gj(x1,1,1)| 1

d
=—— 1 G(x, L)l -G, (LLI 34b
dz, x,G, (1,1,1) o MG, (1,1,1){(3)61 ](x] )|x1‘1 1( )} (34b)
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From equation (34a) and (34b), mean waiting time for priority level 1 data w, is obtained.

1 d
=— 1 G(x;L1), -G, (LL1 i
w; )\’IGI (1,1,1){dxl 1(x17 5 )|x1:l 1( s L )} (35)

have been already derived, so that mean waiting time w, can be

x;=1

d
G,(1,1,1) and aG,(xl,l,l)l
calculated.
5.2. Priority Level2 and Priority level 3

Similar to priority level 1, mean waiting times for priority level 2 and level 3 are obtained as follows.

1 d

= G ) =G, (1,1 36

w, G, (1,1){(1)62 z(xz )|x2—1 2( )} (36)
1 d

=—<—G -G, (1 3
Wy AG, (1){dx3 3(x3)|x3:1 3( )} (37)
d d .
G, (1,1), an (x2,1)|x2:1, G, (1) and a(ﬂ (x3)|X3:1 have been already derived, so that mean
2 3

waiting times W, and W, can be calculated.

5.3. Numerical Examples
Fig. 4 shows a relation between arrival ratio A, and mean waiting timesw, , w, and w, in the case of

A=A, =2,,q=0.1,05,09, h=h,=h,=5 h, =1and H(t) and H(t) obey uniform distributions.
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Fig. 4. Mean waiting timew, , w, and w; (»=#h,=n=5, #.=1, % =2, =15, uniform distribution).
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Fig. 5. Mean waiting time w, , w, and w; (n,=4,=4=5, . =1, i =1, =15, exponential distribution).

In Fig. 4, solid lines, dashed lines and chain lines are mean waiting times in the case of g=0.1, 0.5 and 0.9,

respectively. In the same lines, the lower line is mean waiting time w, , the middle line is w, and the
upper line is w; . It is confirmed that the mean waiting time becomes long as the link probability g
becomes low and as the arrival ratio A, becomes high. In the case of g=0.1, mean waiting time w;

becomes infinite when A, is over 0.023. This means that when ¢=0.1 and A, is over 0.023, the sending

buffer for priority level 3 is overflow because there are more arrival data than sending data.
In the case that H;(t) and H.(t) obey exponential distributions, mean waiting times are shown in Fig. 5.
Comparing Fig. 5 to Fig. 4, mean waiting times become longer, but Fig. 5 shows similar tendency.

Next, a comparison with mean waiting times in the case of g=0.5, A, =A, =, and mean waiting time

without priority processing is shown in Fig. 6.
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Fig. 6. Comparison with the mean waiting times and the mean waiting time without priority processing.
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In Fig. 6, bold solid line is mean waiting time without priority processing and thin solid line, dashed line

and chain line are mean waiting time w, , w, and w; with priority processing in the case of g=0.5, /,=
h2=h3=5' hc =1, A =k, =),
It is confirmed that mean waiting time w, , w, are shorter, but mean waiting time w; is longer than

mean waiting time without priority processing. As arrival ratio becomes high, differences of mean waiting
times with priority processing and mean waiting time without priority processing becomes long. On the
basis of mean waiting time without priority processing, the ratios of difference of mean waiting times are

-441%in w, ,-22.1%in w, and66.1% in w; on the average.

6. Conclusion

In this paper, a characteristic of data transmission with three or more priority levels in bus network is
clarified. In the analysis, taking note of one station, the link probability that the link from the station to a
receiving station can be established is defined as a constant. And then, for each priority, the probabilities of
the number of waiting data, the mean of the number of waiting data and the mean waiting times are derived.
For the analysis of lower priority levels, roots of the denominator of generating functions are used.

In the analysis, at first, the balance equation with arbitrary priority levels is expressed, but the analysis is
performed for three priority levels. As for the analysis for more than three priority levels, the analytical
procedure of this paper can be used. But, the number of simultaneous equations increases as the number of
priority levels increases.

According to the analysis result, some numerical examples are illustrated, and then the influences of the
link probability and the arrival ratio of data on the characteristics of data transmission are clarified.
Furthermore, the effect of priority processing is confirmed by comparing with mean waiting time with
priority processing and that without priority processing.

The characteristic of data transmission with priority processing in this paper is a base of considering
efficiency of bus network.

The following considerations remain for further study:

(1) Analyzing the bus network with other priority processing.

(2) Clarifying a relation between the link probability and the buffer size of a receiving station.
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