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ABSTRACT 

A queueing system featuring batch arrival 
and call repetition at a constant interval is 
presented as a traffic model of the NTT facsimile 
network, which is a store-and-forward network 
laid over the telephone network. This network 
has a multi-address calling service function and 
an automatic re-calling function. The multi
address calling service enables a document to be 
sent to several terminals simultaneously. The 
automatic re-calling function allows facsimile 
documents to be resent when calls are rejected 
for some reason, such as all circuits being busy 
in the network. An approximation algorithm for 
analyzing transfer delay and loss probability of 
the model is proposed for the dimensioning of 
facsimile networks. The numerical results of the 
approximation algorithm are compared with simu
lation results in order to demonstrate its high 
accuracy. 

1. INTRODUCTION 

New public facsimile communication network 
services are now being offered in Japan through 
the Facsimile Intelligent Communication System 
(FICS). The FICS is constructed by laying a 
store-and-forward network over the existing tele
phone network in order to keep initial investment 
as low as possible. In the store-and-forward 
network, facsimile storage and conversion equip
ment (STOC) provides various new telecommu
nication services such as confidential delivery 
and multi-address calling. Using the multi
address calling service, a subscriber can deliver 
a document to many terminals simultaneously. 

In conventional communication, any call 
which finds all circuits or the terminal busy is 
lost. However, in the FICS, to make the best use 
of the characteristics of the store-and-forward 
service, call intents which encounter congestion 
are repeated' automatically by STOC instead of 
being lost. It is important for the network 
design to analyze the characteristics of automat
ically repeated calls, and to estimate repetition 
probability and transfer delay. 

Up to now, many papers treated repeated 
calls focused on subscriber behavior in telephone 
networks [1-6]. In these papers, the authors 
assumed that calls arrive at circuits between a 
toll switch and a local switch as single calls. 
They further assumed that the repetition in
tervals were random. However, in the FICS, calls 
arrive at the circuits as groups and a constant 
repetition interval is adopted to simplify call 
processing. 

This paper provides a good approximation 
algorithm for analyzing the traffic characteris
tics of ' a queueing model that features batch 
arrival and call repetition at a constant inter
val. This model is applied to the facsimile 
network with the multi-address delivery service 
function and the automatic re-calling function. 
The numerical results of repetition probability 
and transfer delay are presented and compared 
with simulation results to validate the accuracy 
of the approximation. 

2. THE NTT PUBLIC FACSIMILE COMMUNICATION NETWORK 
SERVICES 

NTT started its new public facsimile commu
nication network service in Tokyo and Osaka in 
September 1981 with the inauguration of the 
Facsimile Intelligent Communication System 
(FICS-l). This system is more economical than 
telephone facsimile and provides various addi
t ional services. Following FICS-l, the second 
version of the system, FICS-2, was developed to 
expand the service area nationwide at a low cost 
and t.o provide communication services featuring 

media conversion[7,S]. 

2.1 Network Configuration 

The NTT facsimile network configuration is 
shown in Fig.l. The lower part of the network is 
shared by the existing telephone network. Local 
switches (LS) and subscriber loops in the exist
ing telephone network are utilized, so that FICS 
can keep the" initial investment as low as possi
ble. The upper part is only for facsimile 
service and this part is responsible for terminal 
control and particular services. 

The connection control functions needed in 
the lower part of the facsimile network such as 
facsimile communication charging and facsimile 
subscriber file checking are centralized in 
special toll switches (TS-FX) equipped with 
facsimile control functions. 

The STOC, which is mainly responsible for 
handling communication processing services such 
as confidential delivery, facsimile memory box 
and multi-address calling, is the most important 
piece of equipment in this store-and-forward net
work. 

2.2 Basic Operation Outline 

The system is operated as follows. 
(a) When a calling end TS-FX receives a 

request from a calling terminal, the TS-FX asks 
the calling end STOC whether it can store the 
document or not. 
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(b) If the STOC has sufficient memory 
capacity to store the document, the STOC sends 
the response signal to the terminal through the 
TS-FX and the LS. 

(c) When the terminal receives the signal, 
the terminal sends the document to the STOC 
through the LS and the TS-FX. 

(d) The calling end STOC sends the document 
to the called end STOC. 

(e) The called end STOC a sks the called end 
TS-FX to make connect i on to the called terminal. 

(f) When the connection is set up, the 
called end STOC sends the document to the called 
terminal through the called end TS-FX and the 
called end LS. 

2.3 Service Outline 

Various kinds of communication processing 
services such as basic calling, multi-address 
calling and confidential delivery services can be 
offered using STOC and TS-FX. The basic calling 
service is applied to one-to-one fac simile 
communication in which a document has a single 

, destination. Using the confidential delivery 
service, users can keep their privacy. When a 
document requiring this service arrives at a 
called end STOC, a confidential delivery notice 
is delivered to the called terminal. If the 
correct key number is sent from the terminal to 
the STOC, the document is then sent to the 
terminal. 

2.3.1 Multi-Address Calling 

Using the multi-address calling ' service, a 
subscriber can send a document to many terminals 
simultaneously. Copies of the document are made 
in called end STOCs and delivered to the called 
terminals through the TS-FXs and the LSs. When 
the number of copies of a document requested by a 
multi-address calling s ervice is larger than the 
number of idle circuits between the TS-FX and the 
LS, the idle circuits are filled with calls and 
the remaining calls wait for automatic re
calling. 

The maximum number of destinations able to 
be requested in a multi-address calling is 100. 

2.3.2 Automatic Re-Calling 

In some cases facsimile documents, once 
received by a called end STOC, cannot be de
livered immediately to the called terminal. 
Before the delivery of a document from the called 
end STOC to the called terminal, a call set-up 
signal is sent from the STOC 'to the terminal 
through the TS-FX and the LS. The signal cannot 
be sent to the terminal mainly in the following 
three cases (see Fig.2). 

(a) All circuits between the TS-FX and the 
LS are busy. 

(b) The called terminal is busy. 
(c) The terminal has run out of recording 

paper or is turned off. 
If a signal is rejected, the signal for the 

same document is repeated from the called end 
STOC T minutes later. In the cases (a) and (b), 
if the signal is repeated 5 times and still 
encounters rejection, the STOC gives up sending 
the call set-up signal (see Fig.2 (2). 

For the case (c). only one additional 
calling attempt is made since there is little 
chance of delivering the documents successfully. 

STOCs 

Upper part 

Lower part 

Telephone 

TEL FAX TEL FAX 

STOC: Facsimile storage and conversion equipment 
TS-FX.: Toll switch equipped with facsimile 

service control facility 
LS: Local switch of telephone network 

Fig.1 NTT facsimile network configuration 
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2.3.3 Grade of Service (GOS) 

The GOS for facsimile calls is classified by 

delay and loss probability[SJ. GOS standard 
values are used for dimensioning resources in the 
FICS network, e.g., the number of circuits 
between TS-FX and LS. 

Subscribers often compare the GOS in FICS 
service with that of telephone service since 
facsimile terminals can also be used as the 
telephone facsimile terminals. The basic 
concepts of GOS specification in FICS service are 
therefore based on those in the telephone 
facsimile service to avoid dissatisfaction by 
subscribers. We must evaluate the GOS 
considering the influence of multi-address 
calling and automatic re-calling functions which 
are not offered by telephone facsimile service. 

2.4 Traffic Characteristics 

Fig.3 shows examples of holding time dis
tribution statistics of the circuits between 
TS-FX and LS. The holding time is determined by 
the following factors. 

(a) Document size (e.g. ISO A4, AS) 
(b) Density of document scan 
(c) Document pattern cQmp1exity 
(d) Facsimile coding scheme (e.g. modified

Huffman coding scheme) 
(e) Transmission speed 
The mean holding time for the examples is 90 

seconds. The repetition interval in FICS is S 
minutes, which is three times as much as the mean 
holding time. 

Fig.4 shows examples of the number of 
destinations distribution statistics for the 
multi-address calling. It can be seen that the 
number of destinations is distributed over a wide 
range. Therefore, when designing the network, we 
must take the effect of the group arrivals into 
account. 

Fig.S shows an example of rejection 
probability statistics for k-th attempts in a 
STOC. Many TS-FXs are connected to a STOC, so 
the probability values in the figure show mean 
values over all groups of circuits between TS-FXs 
and LSs.It can be seen that the rejection 
probabilities for repeated attempts are consid
erably larger than that of first attempts. 

3. QUEUEING MODEL AND APPROXIMATION ALGORITHM 

3.1 Queueing Model 

The circuits between a called end TS-FX and 
a called end LS are mode led as a queueing system 
that accepts batch arrivals and repeated calls. 
NTT is responsible for the loss in the network, 
so ' that case(a), all circuits busy, is only taken 
into account in the model. 

There are two types of calls: those which 
arrive as single calls for ordinary service, and 
those which arrive as a group for multi-address 
service. Let us refer to the former as indi
vidual calls and the latter as group calls. This 
queueing model with mixed inputs is described 
below more precisely. 

(a) The arrival instants of group calls and 
individual calls for first attempts constitute 
stationary Poisson processes with an arrival 
rate Ag and Ai' respectively. 

(b) There are S circuits and each call can 
access to anyone of the circuits. 
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(c) The number of calls included in an 
arriving batch (i.e., batch size) is an indepen
dent and identically distributed random variable 
with an arbitrary distribution H (j) for , g 
1 < j ~ g. Mean batch size is denoted by m. 

(d) The holding times of both types of calls 
are independent and identically distributed 
random variables having a negative exponential 
distribution with a mean 1/~. 

(e) If an arriving batch size of group calls 
is larger than the number of idle circuits, all 
the idle circuits are filled with calls and the 
remaining ' calls are rejected and attached to the 
re-calling queue. Individual calls are rejected 
when they find all circuits busy and attached to 
the re-calling queue. The calls in the 
re-calling queue then try to access the circuits 
T (repetition interval) minutes later as repeated 
calls. 

(f) The number of repetitions is limited to 
M. If a call is repeated M times and still 
encounters congestion, it leaves the system 
immediately. 

(g) A call ' which is repeated k times is 
called a k-th repeated call or a call at (k+1)-th 
attempt. 

3.2 Approximation Algorithm 

It is difficult to solve this model exactly 
because of the constant repetition interval. 
Therefore, this paper presents an approximation 
algorithm. In the case of exponentially dis
tributed repetition intervals and single ar
rivals, the model can be solved exactly [9]. 

The algorithm is divided into two parts. 
The firs t part uses an iteration method in which 
Poisson ,arrivals of repeated call groups are 
assumed. This part offers the rejection 
probability for first attempts. In the second 
part, the characteristics of constant repeating 
ca lls are taken into account and rejection 
probability for repeated attempts are' offered. 

3.2.1 First Part of the Algorithm 

When the repetition interval is long enough 
to ignore the effect of the previous attempt, 

this model is approximated by the M[x] /M/S loss 
system (batch arrival according to a Poisson 
process/exponential holding time/loss system with 
S servers). In order to approximate the model by 

the M[x] /M/S loss system in this way, we must 
make the following assumptions. 

(1) Repeated calls belonging to one group 
arrive at the circuit as a repeated call group 
and the group size is maintained from the 
rejected epoch. 

(2) Repeated call groups arrive independent
ly according to a Poisson process, so that the 
offered load is obtained by adding the load of 
all repeated attempts and first attempts. 

The steady state difference equations of 
M[x]/M/S are[ll] 

A P(O) + ~P(l) = 0, 

(A+i~)P(i) + (i+l)tiP(i+l) 

+ I~:~(g,i) AP(i-j)H(j)=O, 

where, for 0 ~ i ~ S, 

P(i)=Pr (arriving batch finds i calls in the 
system); 

for 1 ~ j ~ g, 

H(j) = Pr (batch size is j). 

A is a total arrival rate. 

These parameters are determined by the 
following algorithm. 

(step 1) 
If we ignore the existence of repeated 

calls, P(i) can be obtained from Eq. (1), sub
stituting the arriving rate and batch size 
probability for first attempts. 

A=Ai +\, 

H(1)=A/,(Ai +Xg) • 

For 2 ~ j ~ g, 

H(j)=X H (j)/(Ai+A ), g g g 

then P(i) can be derived from Eq.(l). 
Let 

A(O)=A, 

G(O,j)=H(j), for 1 ~ j ~ g, 

as the initial values for next step. 

(step 2) 
Considering the overflow of (k-l)-th 

repeated calls becomes k-th repeated calls, 
arrival rate A(k) and batch size probability 
G(k,l) for the k-th repeated calls having 1 calls 
in' the batch are obtained recursively from k=l to 
k=M+l as follows: 

A(k)=L~_lL~:~(g'l+S) P(S+1-j)G(k-1,j)A(k-1), J 
(3) 

G(k,l)-L~:~(g'l+S)p(S+l-j)G(k-l,j)A(k_l)/A(K). 

(step 3) 
Adding the load of all the repeated calls 

and first call attempt as an offered load, the 
following equations are obtained: 

A=[~=O A(k), 

H(j)=L~=O A(k)G(k,j)/X. 

(step 4) 
From Eq.(l), we obtain the new state 

probabilities P(i). 

(step 5) 

Compare the previous P(i) with the new P(i). 
If the difference between them is larger than € 
(iteration indicator), return to step 2, or else 
we get a new A(k) and G(k,l) from Eq.(3) and the 
iteration is finished. For practical usage, this 
iteration indicator must be determined as a 
sufficiently small value. 
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The similar type of iteration algorithm was 
introduced by Lam [10]. He applied the algorithm 
to a queueing model with finite buffer and 
re-calling functions. 

3.2.2 Second Part of the Algorithm 

The characteristics described below can be 
obtained by observing the sample path of the 
number of calls in the system (see Fig.6). 

(a) There are two types of repeated call 
groups. The first type (TYPE 1) occurs when the 
arriving batch size is larger than the number of 
idle circuits. This batch creates a busy period 
(all circuits are busy). The second type (TYPE 
2) represents the groups which arrive during busy 
periods. 

(b) The interval between successive rejected 
calls is a constant t, and the same interval t is 
maintained while these calls are repeated. 

On the other hand the mean busy period for 
the GI/M/S loss system is derived from dividing 
the mean holding time by the number of circuits. 
If the number of circuits is large enough, busy 
periods are considerably shorter than the holding 
time. 

Considering the above facts, we can assume 
the following: 

(a) The steady state probability that TYPE 1 
attempts or first attempts finds the number of 
circuits occupancy being i is P(i) derived by the 
first part of the algorithm. 

(b) TYPE 1 calls always arrive just before 
the arrival of TYPE 2 calls, if there are. 

(c) TYPE 1 calls and first call attempts 
become TYPE 2 with probability p(S) when they 
access to the circuits. 

(d) Once a batch encounters a busy period, 
this batch is repeated- with another group which 
has the batch size probability shown below, 

F(£)=r~in(l+s,g) H(j)P(S-j+l), 
J=1+1 

for ° ~ 1 ~ g-l. (5) 

Based on the above assumption, we can add the 
following steps to the first part of the algo
rithm, and complete the algorithm as a whole. 

(step 6) 
Let D(i,j ,k) and E(i,k) denote the arrival 

rate for all calls and individual calls respec
tively, where j is the number of calls in the 
batch under consideration, i is the number of 
calls arriving just before the arrival of the 
batch indicated by j and k is the number of times 
of repetition. This arrival rate is defined in 
the regions ° ~ i ~ (g-1)(k-1), 1 ~ j ~ g and ° ~ 
k ~ M+l. The -batch indicated by - j is taken to 
mean "the batch in question ", and the batch 
indicated by i to mean "the interfering batch". 
The batch in question includes both TYPE 1 and 
TYPE 2 calls, while the interfering batch in
cludes only TYPE 1 calls. For k=O, the rates 
correspond to the arrival rate for the first 
attempts. As the batch size of the interfering 
batch is zero for first attempts, we can obtain 
the following equations: 

1st attempts 
Repetition 0 TY PE 1 

" ~. TYPE 2 
Number of 0 

0 - • 
~ ~r?Repetition r 

-:~:~~~:~---g • ----~------------~ -----
o 0 

o 
o 

:~<--;....-- T ---~)~·tt~ 

T 

T: Repetition - interval 
Time 

t: Adjacent group interval 

Fig.6 Example of repeated calls 

D(O,l,O)=Ai • 

For 2 ~ j ~ g, 

D(O,j ,0)=). H (j), 
g g 

E(O,O)=Ai · 

(step 7) 
The arrival rate D(i,j,k) and E(i,k) are 

determined recursively from k=l to k=M using 
Eq.(6) as the initial value. 
For 1 ~ i ~ (g-1)(k-1) and 1 ~ j ~ g, 

D(i . k) = ,min(g-l,i) D(i-1,J·,k-1)F(1)P(S) 
,J, Ll=O 

+ ,min«g-l) (k-l)-i,S) D(i+l ,j ,k-l)P(S-l). 
L1=1 

For i=O and 1 ~ j ~ g, 

D(O,j;k) = D(0,j,k-1)F(0)P(S) 

+ Lmin «g-l) (k-1) 'S)Imin(g-j+r,s) P(S-l) 
r=O l=max(l,r) 

• D(r,j+1-r,k-1). 

For ° ~ i ~ (g-1)(k-1), 

E(i,k) = L~~~(g-1,i)E(i-1,k-1)F(1)P(S) 

+L~~~«g-1)(k-1),S)E(i+l,k_1)P(S_1). 

(7) 

In Eqs. (7), the first terms indicate that 
once calls find all circuits busy, the number of 
calls in the interfering batch increases by 1 
according to F(l). The second terms correspond 
to the phenomena whereby the number of calls in 
the interfering batch decreases by the number of 
idle eirc-uits which the calls find. 

3.2.3 Performance Measures 

Let us define the offered load L (k) for the 
k-th repeated calls which are obtaiAed from the 
arrival rates, where 1=1, 1=2 -and 1=3 indicate 
all calls, individual calls and group calls, 
respectively. 
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From D(i,j,k) and E(i,k), we obtain the load 
of k-th repeated calls: 

L (k)= ,g i(g-1)(k-1) 'D(i . k)/ -
I l. j = 1 -- i =0 J, J , ll, 

L (k)=,~g-1)(k-1) E(i k)- /ti 
2 L~=O " 

The performance measures are formulated as 
follows. 

(a) The rejection probability of the k-th 
attempt 

R1 (k)=L
1

(k)/L
1

(k-1). (9) 

(b) The loss probability 

(10) 

(c) Mean transfer delay 

Transfer delay is defined as the time 
interval from the first attempt until the suc
cessful attempt. 

M 
Lk=l kT(L1 (k)-L1 (k+1» 

W = --':":---"--;:::--;-::-:::---::--:~-:'7"':--
1 (L 1 (0) - L 1 (M+ 1) ) (11) 

3.2.4 Simplified Algorithm 

The offered load L1 (k) can also be obtained 
by the first part of the algorithm. In this 
case, the offered load is obtained as follows: 

L1(k)~LI=1 jG(k,j)A(k)/ti, 

L2 (O)=Ai/ti , 

L
2

(k)=L2(k-1)P(S), 

L
3

(k)=L 1(k)-L2(k). 

(12) 

From Eqs. (9), (10), (11) and (12), the 
performance measures are obtained. Algorithm 1 
and algorithm 2 are defined as follows: 

algorithm 1: step - step 7, 
algorithm 2: step 1 - step 5. 

Algorithm 2 can provide the same rej ection 
probability of the first call attempts as algo
rithm 1. The computation time of algorithm 2 is 
considerably shorter than that of algorithm 1. 
Algorithm 2 can be used for rough estimation as a 
substitution of algorithm 1. 

3.2.5 Numerical Results 

The rejection probability for k-th repeated 
calls for ti=l, A.=10, A =0.5, m=g=20, T=3 and 

~ g 
S=30 is shown in Fig.7. The values obtained in 
simulation, algorithm 1 and algorithm 2 are 
indicated as dots, triangles and crosses, 
respectively. The algorithms offer a good ap
proximation for first attempts. For individual 
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calls, simulation shows that the rejection 
probability for repeated calls is considerably 
larger than that of calls at the first attempt. 
Algorithm 2 does not consider this phenomenon, 
and can only provide constant values for the 
rejection probability of individual calls. On 
the other hand, algorithm 1 offers a good 
approximation for repeated attempts as well as 
for first attempts. 

The relation between mean transfer delay and 
mean batch size for ll=l, Ai =10, Ag=10/m, T=3 and 

8=30 is shown in Fig.8. This figure shows 
that algorithm 1 is required for individual calls 
evaluation, though algorithm 2 is enough for 
group calls. 

The relation between mean transfer delay and 
repetition interval is shown in Fig.9. This 
figure shows that the. effect of previous attempts 
can be ignored when the repetition interval is 
longer than three times of the mean holding time. 
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u-1 
A .,10 
Ai-1/m 
. g 

T=3 
S=30 

• Simulation 
Algorithm 1 
Algorithm 2 

10 20 30 40 

Mean batch size, m 

(1) Individual calls 

• Simulation 
- Algorithm 1 
-- - Algorithm 2 

10 20 30 40 

Mean batch size, m 

(2) Group calls 

4. CONCLUSION 

We have developed an approximation algorithm 
for a loss system featuring batch arrival and 
call repetition at a constant interval. This 
algorithm can be used in designing networks which 
offer multi-address delivery service and automat-
ic re-calling service. . 

By comparing numerical and simulation. re
sults, the high accuracy of the approximation was 
demonstrated. 

This algorithm . can easily be extended to 
other batch arrival models with repeated calls. 
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