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Abstract— The present paper studies the problem of the 

composition of traffic quality in a service composition. The 

causal structure is represented through causal virtual devices 

corresponding to parasitic, carried and served traffic. Causal 

composition and decomposition of traffic quality is represented 

graphically and analytically. A naming system of the virtual 

devices is proposed which takes into account the level of 

inclusion of the base virtual devices into the comprised. 

Different traffic quality aggregations are derived for service 

compositions in the cases of consecutively and parallel 

connected virtual devices.  

Keywords— service networks, causal structure; traffic quality, 

quality compositions.  

I. INTRODUCTION  

The importance of Quality of Service (QoS) indicators 

grows with the usage of the informational service networks 

and became a commodity in 2015 [1]. The QoS and Quality 

of Experience (QoE) are defined in different ways, but we 

will follow the definition in standardization documents such 

as the ITU-T [2]. The prediction of the overall network 

quality, as a function of qualities of composed services, is a 

foremost question in service networks design and 

maintenance. There are two main approaches of QoS 

aggregation – analytical (e.g. [3]) and simulational (e.g. [4]). 

In the available literature the only traffic-like quality 

indicator considered is “throughput”.  

In our approach, services are presented as  virtual devices 

and we use three QoS indicators: Flow Efficiency (Qf) 

Traffic Efficiency (Qy) and Time Efficiency (Qt) [5], applied 

to the causal virtual devices [6] and described in Section II. It 

is shown that Traffic Efficiency and Time Efficiency coincide 

numerically for a service device. 

representation of a base virtual device such as server, 
buffer, switch etc. is shown in Fig. 1. Every such device 
named x has the following parameters:  

In Section III Consecutive Composition of virtual devices 

is considered and aggregation functions of introduced 

indicators are derived. In Section IV Alternative Composition 

of devices is considered. In the every of cases of consecutive 

and alternative compositions, the aggregation functions are 

completely different for Flow Efficiency and Traffic 

Efficiency indicators. 

In the conceptual models of service networks we use base 
virtual devices [6]. A general representation of a base virtual 
device such as server, buffer, switch etc. is shown in Fig. 1. 
Every such device named x has the following parameters: 

Fx – Intensity or incoming rate (frequency) of the flow of 
requests (i.e. the number of requests per time unit) to device 
x; 

Px – Probability of directing the requests towards device 
x; 

Tx – Service time (duration of servicing of a request) in 
device x; 

Yx – Traffic intensity [Erlang]; 
Vx – Traffic volume [Erlang - time unit]; 
Nx – Number of lines (service resources, positions, 

capacity) of device x. 
 

Device ‘x’,

with parameters’ names:

Fx, Px, Tx, Nx, Yx, Vx.

External Flows:

P
x
, 
F

x

not served: (1-Px) Fflow intensity:  F

 Fx = Incoming flow

Fx = Px F 

served flow

Px = probability of  

directing the calls

to the device x

 

Fig. 1. Graphical representation of a base virtual device x. 

The base virtual devices do not contain other devices. In 
our models of telecommunication networks we also use 
comprise virtual devices which include base virtual devices. 
An example of comprise virtual device is shown in Fig. 4. 
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Some virtual device can have more than one exits (see 
Fig. 2). Each one of the k exiting arrows corresponds to one 
service line of the device x.  

 

 
Fig. 2. Virtual device x with k service lines.  

In the conceptual models of telecommunication systems 
the following types of base virtual devices are used: Director, 
Generator, Terminator, Server, Causal device, Enter Switch, 
and Switch. Their graphical representations are shown in 
Fig. 3. 

 

Fig. 3. Graphical representation of the base virtual devices. 

Each type of  the base virtual devices has specific function: 

• Director – this device unconditionally points to the 
next device, which the request shall enter, but without 
transferring or delaying it; 

• Generator – this device generates calls (service 
requests, transactions); 

• Terminator – this block eliminates every request 
entered (so it leaves the model without any traces); 

• Server – this device models the delay (service time, 
holding time) of requests in the corresponding device 
without their generation or elimination. It models also 
traffic and time characteristics of the requests 
processing (c.f. Fig. 3); 

• Causal device – virtual device defined for presentation 
of carried and parasitic service; 

• Transition – this device selects one of its possible exits 
for each request entered, thus determining the next 
device where this request shall go to. 

II. CAUSAL STRUCTURE 

The causal structure of  the traffic composition/decompo-
sition is represented graphically in Fig. 4.  

 

Fig. 4. Causal decomposition of the traffic in virtual devicex. 

The virtual device cx and px are causal virtual devices. In 
general, the virtual devices can contain special causal devices 
corresponding to abandoned, interrupted, blocked, etc.,  
traffic. That is why we call them generalized causal devices. 
The causal names of the generalized virtual causal devices are: 
c (carried or crr), p (parasitic or prs) and s (served or srv). 

Qualifiers are used to characterize the parameters of the 
devices [6]. In the present paper we use the qualifiers crr. 
(carried), prs. (parasitic) and srv. (served). For instance, crr.Fx 
is the intensity of the carried flow of requests of the device x, 
prs.Fx is the intensity of the parasitic flow of requests of the 
device x (see Fig. 4). 

For the causal decomposition shown in Fig. 4 the 
following equalities hold: 

  Ppx+Pcx =1   (1) 

 srv.Fx=crr.Fx+prs.Fx   (2) 

prs.Fx= FxPpx   (3) 

crr.Fx = Fx(1-Ppx)   (4) 

 srv.Fx = Fx = Fpx + Fcx   (5) 

A more  detailed case of causal decomposition is presented 
in Fig. 5. Two different types of service of the requests in the 
causal device Carried (cx) are presented. They are denoted by 
zero and real. The requests which enter the zero device are 
serviced without delay, while the real device represents the 
real service of the requests with the corresponding delay. 



Fig. 5. More general causal decomposition in a virtual device x. 

For the causal composition in Fig. 5 the following 
important equalities hold: 

���. �� = ����� + ���. �
 + ⋯ + ���. �� . (6) 


��. �� = ����� + ����� .   (7) 

For the base virtual device x shown in Fig. 4, we introduce 
the following quality indicators: 
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Equation (10) shows that only the first two indicators 
shoud be determined for any device since Qtx quality indicator 
for any virtual device is equal to the Qyx indicator. 

III. CONSECUTIVE COMPOSITION 

Consecutive composition of virtual devices 1 and 2  within 
the comprise virtual device x is shown in Fig. 6. 

 

Fig. 6. Consecutive composition of virtual devices 1 and 2  within the 
comprise virtual device x. 

The following equalities hold: 
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Since the successfully serviced requests have passed 
through c1 and c2  we have: 
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From (15), (14) and (13) we obtain 
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In the above equation we have used the following 
equalities: 
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From (19) and (20) we have: 

01 − %��3$�� = �E�$�,   (21) 

01 − %�
3$�
 = �E
$
.   (22) 

After substitution of (21) and (22) in (16) we obtain the 
indicator  Qyx in the form: 
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Obviously, the sum JK + JL  is less than the denominator in 
(24). 

In the following special cases, we have: 

1. If  %�� = 1; %�
 = 1 ,  we have ��� = 0; �E� =
0; �E
 = 0. 

2. If  %�� = 0; %�
 = 0 ,  we have �E� = �@7

�7
=

1;  �E
 = �@8

�8
= 1; �E� =

FG7�7�FG8�8

�7��8
. 

3. If %�� = 1; %�
 ≠ 1 , we have �E� = 0; ��� = 0. 

4. If  %�
 = 1; %�� ≠ 1 , we have  ��� = 0. 

For the second indicator Qfx using (9) we obtain: 
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=    
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= 0K − XYL3.         (27) 

 
From (25), (26) and (27) we obtain: 
 

PQR = PQKPQL    (28) 
 

IV. ALTERNATIVE COMPOSITION 

Alternative composition of virtual devices 1 and 2 is 
shown in Fig. 7.   

In this case XK + XL = K. The following equalities can be 
easily verified: 
 

 STT. UR = UR=XK0K − XYK3 + XL0K − XYL3>, (29) 

 STT. ZR = STT. UR STT. [R, (30) 

 STT. ZK = URXK0K − XYK3[SK, (31) 

 STT. ZL = URXL0K − XYL3[SL, (32) 

  

x
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Fig. 7. Alternative composition of virtual devices 1 and 2 in virtual 
device x. 

  

STT. ZR = STT. ZK + STT. ZL = 

= UR=XK0K − XYK3[SK + XL0K − XYL3[SL>,       &33' 

 
Using the Little’s  formula crr.Yx= crr.Txcrr.Fx , (29) and 
(33) we obtain: 
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From (37), we have: 

 

0K − XYK3[SK = PaK[K.                                                &38' 

 
Analogically,  
 

PaL =
0K − XYL3[SL

[L
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From (39), we have: 

 
&K − XYL'[SL = PaRL[RL .                     &40' 

 



PaR =
XKPaK[K + XLPaL[L

XK[K + XL[L
 

                                      

=  
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JK + JL
,                         &41' 

 

where we have set XK[K = JK  and XL[L = JL.  Here, the 
sum of the weights in the nominator of (40) is equal to the 
denominator. 
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From (42), (43) and (44) we obtain: 
 

PQR = XKPQK + XLPQL.                                       &45' 

 
In the case of a system with blocking the following 

conditions are satisfied: 

1. P2 is the probability of blocking (P2 = Pb). 

2. PaL = j (the blocked requests are not served). 

3. It is assumed that the blocked requests can be served 
with duration of the serviced (definition of offered 

traffic, see [ITU E.600]), i.e., [L = [K . 
 

Therefore, in this case 
 

PaR =
XK[KPaK

XK[K + XL[L
=

XK[KPaK

[K&XK + XL'
= XKPaK 

 

= &K − Xk'PaK.                                        &46' 

 
From (37) and (46) we obtain: 

 
 
 

PaR =
&K − Xk'0K − XYK3[SK

[K
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From (45) we have 
 

PQR = XKPQK = &K − Xk'0K − XYK3.                    &48' 
 

The above equality shows that PQR does not depend on XYL. 

V. CONCLUSION 

The proposed approach to traffic quality indicators 
aggregation leads to new aggregation functions derived. It 
allows overall quality estimation in every service 
composition, considered as workflow.  

In the future work, traffic quality indicators’ aggregations 
of other composition patterns will be researched.  
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