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ABSTRACT 

Thi s paper describes the new interactive simulation system 
(ICANDO) which was developed as a tool in planning and design
ing data communication systems and data networks. The in
cluded are study background, model and program description. 
This system is composed of several computer programs using 
FORTRAN and GPSS, associated database and an interactive 
graphic display. We also demonstrate how this proposed inter
active simulation system works for the problem. The paper 
concludes that proposed hybrid simulation models which involve 
both analytic and simulation techniques are highly effective for 
evaluating communication networks and determining the realis
tic design parameters with man -computer interaction. 

1. INTRODUCTION 

Preestimates of performance and cost are indispensable for a 
communication network design: Preestimates or evaluations of 
a large -scale or complicated network are difficult through an 
experience and hand calculation methods because variations of 
the network or system have increased, requiring a more sys
tematic method. 

In general, there are two methods of a network or a system 
evaluation: (1) A method in which a hardware is designed and 
its experimental system is evaluated, (2) a method in which a 
software model is set up and evaluated analytically or by simu-
1ation. In the method uSing hardware, the experimental system 
developing cost itself becomes too expensive to be feasible, as 
communication networks become larger in scale and more 
complicated, and it is also difficult to cope with specification 
changes in the various stages. On the contrary, the method 
using a software model is especially effective in international 
communication networks, in which few equipment are con 
structed according to experimental models, since it is very 
difficult to construct an experimental network. Even in the 
method u Sing a' software model, if the model runs in the com 
puter as a batch job, it requires considerable time and effort 
of the designers in practice, as they have to search for opti
mum design parameters at each design change through enor
mous printouts from line printers. To evaluate communication 
networks and systems more efficiently, we have developed a 
simulator using a graphic display in which man and computer 
cooperate interactively to analyse and design data communica
tion networks. 

The principal objective of this system is to evaluate the packet 
switching system which has adaptability to various internation
al data communication services, such as computer communi
cation predicted to prevail in the future. It is also possible to 
evaluate general communication - systems- by simulation with a 
little change in the model. In this paper, we propose the 
interactive simulation procedure implemented by computer 
programs using FORTRAN IV and GPSS. This new interactive 
:simulation system has been named ICANDO (Integrated Com
:puter Aided Network DeSign Optimizer). 

2. NETWORK MODEL 

The mathematical model of a communication network is repre
sented by a graph G, using the general terms "Node N" and 
"Link or Branch B" in graph theory. G = (N, B) 

A data communication network is a collection of nodes connected 
together by a set of links. "Nodes" represent customer's sta
tion (Host, terminal) , switching center, etc. "Link" represents 
a communication channel between nodes. A data network con
sisting of several packet switching nodes joined by communica
tion channels will play an important role as a subnet of data 
communication systems. Messages generated at subscriber 
stations travel through the packet switched network as packets. 
Packet switched network is designed to provide economical and 
reliable data transfer for terminals-to-computer and computer
to-computer communications. Since costs and performance 
depend greatly on the network structure, various network struc
tures were examined to meet the potential data network require
ments of data communications. Fig. 1 shows a typical model of 
packet switched data communication network. 

A variety of devices such as PAD (packet assembler and dis
assembler), multiplexers, concentrators, PSE (packet switching 
equipment) and GW (gateway SWitch), are built into packet 
switched data communication network. The network includes 
GW which interconnects each local network and local switch, and 
provides packet switching communications. The gateway net
work and local network may take distributed network configura
tions, while subscriber terminals and Host will be connected to 
a local switch through PAD, multiplexer or concentrator with 
hierarchical network structure. A packet -switched network 
consists of transmission lines interconnected by PSE' s which 
perform a store-and-forward function. PAD or PSE split incom
ing customer messages into packets. Within a packet switching 
system information is transferred packet by packet. A packet 
consists of a self-identifying header, data section and a trailer 
section. The header has all necessary address information. 
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The trailer consists of checksum, for error detection. The 
characteristics of the network model are: 
a. Each pair of nodes are connected by one at most high speed 

full duplex line. 
b. Each communication link has fixed capacity. 
c. Each node has finite storage and operates in a store-and

forward fashion. 

3. sYSTEM DESCRIPTION 

3. 1 SWDY BACKGROUND 

The role of the network simulator in this system is to evaluate 
the cost and performance of a data communication network to 
determine if it satisfies all design constraints. There are a 
variety of perfonnance requirements for models such as delay 
or response time of a message, throughput and reliability. 
Many models of the basic type have been developed in this 
system. 

(1) Analytical model 
We first developed the analytical model which consists of 

demand models, cost models, network models, and perform
ance models, etc. These models are based on the mathematical 
model and queueing model. 

(2) Simulation model 
GPSS models were developed for traffic simulation to evalu

ate the performance of a network which is too complicated to 
solve analytically. Above-mentioned models are mainly solved 
in batch environment. The use of models in a batch environ
ment requires the specification of the range of parameters prior 
to running. In addition, a huge output data are printed out. 
Therefore it is troublesome to obtain an optimum solution. 

(3) Interactive simulation model 
This led to the development of an interactive simulation 

program which accepts commands from on -line terminals, 
graphical inputs via a light pen for describing the network con
figurations, and supplies the results of evaluations for various 
system variables as outputs. The advantage of this approach is 
that more difficult programs may be solved for particular 
parameter choices. 

ICANOO (Integrated Computer Aided Network Design Optimizer) 
is the acronym for this system. ICANOO consists of two main 
programs: The first is CANOO, which evaluates data commu" 
nications networks and performs various computer programs 
interactively by a graphic display USing analytic models. The 
second is NPES, which traces the dynamic behavior of traffic in 
the network USing simulation model. A combination of analytic 
techniques and simulation techniques are used to ensure the 
effective detennination of design parameters within reasonable 
computer time. 

3. 2 COMPOs1TION OF ICANOO PROGRAM 

The system is built USing analytical models and simulation 
models of data communication networks, and provides hands-on 
control of input, operation of model, and data and output dis-:: 
plays. Therefore, the user can observe the effects of changes 
in the condition of design variables and real-time modifications 
to the network to obtain practically optimum system trade-offs. 
Fig. 2 shows the general elements of the proposed interactive 
network simulation model. 
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The interactive simulation system is composed of the following 
programs. 
(1) Network Database (DBNET) 

The data stored in a database are used in many phases of 
simulation. The network database generation and retrieval 
programs are also included. 
(2) Demand PrOjection and Traffic Characteristics Analysis 

Program (TRAN) 
This program yields demand prOjection and traffic charac

teristics after processing raw data from input terminals or 
database. 
(3) Network Analysis and Design Programs (CANOO) 

These programs detennine the optimal network topology 
for various network configuration based on the analytical 
models. A general deSign objective is to minimize the total 
cost satisfying performance requirements. 
(4) Traffic Simulation Program (NPES) 

This program analyses the dynamic behavior of the network 
flows using simulation models for a given network configuration 
and traffic requirements. Protocol simulation models were 
also developed, particularly in view of testing data link control 
procedure, error controls, priority handling schemes, routing 
strategy and flow control techniques. 
(5) Graphical Output Program (DSPN) 

This program provides graphical outputs for users includ
ing table outputs. histogram, time series variations and dy
namic display of the flow. 

The program includes all parameters which are expected to 
significantly influence the network cost and performance, and 
is capable of determining network topology, network perform
ance' traffic handling capacities, control scheme and cost. In 
addition, solutions of problems concerning the very complex 
interrelating parts of the communication system can be obtained 
by simulation. For effectiveness and efficiency, analytic formu
la, queueing models, simulation model, and empirical distribu
tions are mixed into the program. 

Fig. 2 FLOW DIAGRAM OF ICANOO SIMULATION SYSTEM 
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4. DESCRIPTION OF THE COMPUTER PROGRAM 

4.1 NETWORK DATABASE 

1) Database (DBNET) 
Various data are used in the simulation process. It will 

take a considerable amount of labor if the above data are input 
by means of cards or magnetic tapes for each simulation, con
suming the most time in the simulation process unless it is done 
efficiently. In addition, types of used data differ for each pro
gram, and some data are revised during computation. This can 
be done using a database and an input module which interact with 
one another. For these reasons, data are stored in magnetic 
disks as a database, and are freely accessible from programs 
or display terminals. Data on locations of Exchange Stations, 
characteristics and cost of equipment, and on traffic volume are 
accumulated in the database, while standard design data such as 
utilization of equipment, availability of lines and probability of 
loss are manually input from a keyboard. The network database 
is a structured collection of information which is not dependent 
upon a particular network and is necessary input to the program. 
Fig. 3 shows the logical structure of the network database. 

The data structure diagramming technique uses two symbols: a 
box and an arrow. The box represents the existence of a class 
of entities called group. The arrow which is called chain indi
cates their interrelationships (parent - child). The entities and 
relationships are recorded in the database. Here six classes of 
entities are represented: 

NODEG Set of node group 
CUSTMG Set of customer group 
TIMEG Set of time group 
NODEPG Set of node parameter group 
LINKG Set of link group 
LINKPG Set of link parameter group 

2) Database Handling Program 
This module runs as a separate program, and contains a 

procedure for retrieving and modifying the database in the 
interactive mode. Data punched on cards or stored in magnetic 
tape are statistically processed and stored into the network 
database. 

4.2 TRAFFIC CHARACTERISTIC ANALYSIS AND DEMAND 
PROJECTION 

1) Traffic Characteristics Analysis Program 
Data which have been collected must be analysed to obtain 

preferred input data structure for the program. Data concern
ing the statistical distribution of the traffic characteristics are 
used as input to the network database and other programs. Call 
holding time distributions, message length distributions, traffic 

intensity distributions, call arrival rate distributions, etc. be
come basic profile of the traffic characteristics, after statisti
cally processing raw measured data. 

2) Demand Projection Program 
Up-to -date information has to be estimated by extrapolation 

from old measurements because it is not available. This pro
gram yields demand projection for each service. The program 

Fig. 3 LOGICAL STRUCTURE OF NETWORK DATABASE 
(DBNET) 

reads required traffic data from a database for a specified 
period, and computes the yearly or hourly demands using de
mand model. 

(a) Time series analySiS model including polynominal, expo
nential, logistic, auto regressive and fourier analySiS. 
(b) Regression analysis model incll.lding single and multiple 
regression. 

Most traffic data are predicted using time series analysis 
models, when sufficient past data are available. Regression 
analysis models are also effective, because telecommunication 
demand is related to economic indicators, demographic factors, 
geographic locations, etc. For example a higher correlation 
exists between international data traffic and the volume of inter
national trade. 

4.3 NETWORK ANALYSIS AND DESIGN PROGRAM 

1) Analytical Model (CANOO) 
CANDO (Computer Aided Network DeSign Optimizer) is a 

computer program which designs the optimum layout of commu
nication networks, and determines optimum system capacity of 
node facilities with man - computer interaction. It consists of 
programs to prepare variou s kinds of data necessary from the 
data base for simulation, programs to define the model, appli
cation programs to perform evaluation analYSiS, and an evalua
tio~ result display unit. With CANDO, a communication network 
is viewed statically and optimized with various algorithms using 
network theory, traffic theory, or the mathematical program
ming technique. In order to perform simulation calculations 
and computer graphics of a communication network, it is neces
sary to express network in forms suitable for computer process
ing. Therefore, the communication network is represented by 
nodes and branches. For example, terminals and PSE are 
represented by nodes and communication lines between them are 
represented by branches. Data on capacities and costs of com
munication equipment and transmission lines are input into each 
node and branch, respectively. Then a computer program is 
prepared, describing the communication network, and abstract
ed into relations of nodes and branches according to a mathe
matical model. Application programs are capable of providing 
cost, response time, delay, throughput, etc. as a function of 
network configuration. This is done by analYSing a whole data 
communication system, including multipoint lines, concentrator/ ' 
multiplexer, trunk lines and PSE's. 

2) Input Module 
The user may specify a block of information which he 

wishes to make use of, and the input module fetches user re
quested information from the database. It organizes the data 
into the structural form required by other modules. The ideal 
mode of input is the interactive mode where the user is permit
ted to enter data while the program is running. This system 
adopts the above described function. For each particular net
work design, the task of inputting all the data required can be 
greatly simplified by incorporating an easily usable set of de
faults, allowing the user to omit parameters and have the sys
tem fill them in. Both manual override parameters and system 
default parameters provide the user with the ability to freely 
intermix input data with information taken from the data base, 
using the program under a wide variety of circumstances with 
the minimum effort. 
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3) Routing 
In the centralized network, the routing problem is very 

simple. This is usually one unique path from origin to destina 
tion. A message originating from a terminal is routed to a 
concentrator/multiplexer over the only line between the two, 
then to the packet switching node. If there are parallel lines 
between the two nodes, then the choice is the first non-busy line' 
for routing. For the distributed network, the routing problem 
is more complicated. The existing and proposed routing 
schemes were implemented in the model characterized as 
follows: 

(a) Deterministic routing schemes 
Deterministic techniques compute routes based upon a given de
terministic decision rule. The basic techniques are: 

Fixed Routing 
Alternate Routing 
Flooding and Random 
Minimum Weight 

(b) Adaptive routing schemes 
Adaptive routing techniques operate as probabilistic decision 
rules, utilizing topology and either no information about the 
state of network or estimates of the present state of the network. 
Packets flowing between a pair of nodes are not necessarily 
routed through a same path. The chosen path usually has cer
tain desirable characteristics, such as least delay or maximum 
available capacity and varies according to traffic conditions. 

4) Design Tools 
Due to the complexity of many data communications net

works, network analySiS and design become almost impOSSible. 
Computer programs for various analySiS and design functions 
are essential. The usefulness of such programs relies heavily 
on how convenient it is to repetitively run the programs. Thus, 
efficiency in size and running time is as important as accuracy. 
The folloWing is a list of design tools developed for this purpose: 

(a) Hardware alternatives and system capacity evaluation 
programs 

One of the first questions which must be answered for designing 
a network is what hardware devices should be used and how 
should the hardware be configured. These hardware devices 
vary widely in cost, capability, and the number of lines they 
can handle. The choices of PSE (packet switching equipments), 
concentrators/multiplexers, PAD (packet assemblers and dis
assemblers), and terminals greatly influence the network's cost 
and performance, and form the basis of all further analysis and 
evaluation of the system. A single node was isolated so that 
performance could be tested and optimized for the individual 
nodes before proceeding to the entire network. The program 
determines the number of channels or system capacity required, 
and selects the optimum hardware type under performance re
quirements. It also evaluates the cost effectiveness and 
throughput capabilities of different types of devices and device 
configurations. For each configuration, the module calculates 
the number of devices required as a function of throughput and 
the total cost versus throughput capacity. Each of these mod
ules takes, as input, device characteristics and yields as output 
an evaluation of hardware configurations. 

(b) Topological optimization program 
The task of topological optimization, i. e., deciding how to 
interconnect network locations as economically as possible 
while still meeting all performance constraints, is the most 
complex task. A general design objective is to minimize the 
total cost satisfying performance requirements. A large num
ber of terminals or HOST's are connected to a PSE directly or 

through concentrator/multiplexer. 
Given the locations of terminals, concentrators, and PSE's; 
their baSic characteristics; the traffic characteristics: and 
line utilization requirements; multiplexer and concentrator 
locations are selected, terminals are connected to the proper 
concentrator or PSE directly or via a multipoint line in a cost 
effective manner. 

~32.4 

In order to design networks using concentrators and multiplex
ers, one must first choose the number of concentrators and 
multiplexers and their locations. Next, each terminal in the 
network must be associated with a particular concentrator or 
multiplexer. Then the routing and speed of the multipoint lines 
connecting the terminals to the concentrators and multiplexers 
must be decided upon. Finally, the routing and speed of the 
lines connecting the multiplexers and concentrators to the PSE 
must be decided. The problems of associating terminals with 
concentrators and routing the multipoint lines connecting termi
nals to concentrators are separable from the other problems 
and are treated by a separate submodule dedicated to this 
purpose. Various algorithms were implemented into the pro
gram so that the program size and running time can be mini
mized. The problem of optimizing the concentrator locations 
was formulated as a mixed integer programming problem. To 
avoid excessive computation time and to solve this problem 
heuristic techniques are needed for networks of reasonable size. 
We.adopt an interactive design algorithm for obtaining the 
optlmal network topology, in practical sense. Heuristic tech
nique was developed for solving the multipoint network under 
constraints. This method is based on branch exchange 
algorithm. 

(c) DeSign strategies and cost-performance tradeoffs 
When designing a network, evaluation of design alternatives and 
cost-performance tradeoffs study are very useful for decision
making. For this purpose we have to develop a set of curves to 
compare the tradeoffs for cost-performance and for design 
alternatives. These curves include the cost-throughput rela
tionship with network structure or response time as a parameter, 
the cost-response time relationship with network structure or 
throughput as a parameter. These curves allow us to determine 
the most costly effective network structure or the very reasona
ble tariff structure for the subscriber's requirements. 

4.4 TRAFFIC SIMULATION PROGRAM 

1) Simulation Model (NPES) 
We have used the simulation techniques in solving the ana

lytically intractable models, and developed NPES (Network Per
formance Evaluation System) using GPSS. The principal 
advantage is that the evaluation is performed under dynamic 
conditions, and therefore the model corresponds very well with 
the real system. This means that the simulator is able of 
generating data corresponding to a practical system with a 
computer, executing routines at packet switching node by simu
lation, and observing the resultant traffic flow in detail. 
We first developed the single node simulation model as is shown 
in Fig. 5 to eval~ate the packet switching node performance, 
then turn to the problem of constructing a model for a packet 
switched network to evaluate the performance of the entire 
network. 

2) GPSS Implementation 
With this design philosophy, the baSic structure of the 

simulation model was developed. The logical structure of the 
simulation process occurring at each node has the following 
baSic functions: 
For example, the most basic processing of a message or data 
packet when received might be transmission of the packet to the 
next station, preparation of response to preceding station, or 
in-station processing of the packet addressed to the receiver 

according to the package header. For positive or negative 
acknowledgement, retransmission of packet or release of re
transmission buffer is performed. Each packet is represented 
by GPSS transaction with parameters containing information 
such as generation time, proceSSing time and size of core re
quested. Transactions are generated using a random number 
generator yielding the traffic pattern distribution calculated by 
the traffic characteristic analysis program. The interarrival 
time for all transactions is assumed to be functionally distri l-., 
buted with the mean interarrival time equal to the peak hour 
mean. Keyboards are used to override the mean interarrival 
time and the traffic pattern distribution. The total number of 
transactions to be generated is also specified by a keyboard 
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commands. Transactions then select and hold facility (circuit), 
and are transferred from one node to another. Each model pre
pared differs, depending on to what extent functions chosen are 
simulated, since various kinds of processing are performed in 
PSE. Therefore, options of choosing and combining various 
techniques are provided in NPES. 

3) Output (DISPN) 
The output of the simulation was designed to assist the de

signer in validating the program, design and the network analy
sis. Examples of the provided output are: 

a. Distribution of transit times of completed messages 
b. Distribution of packet transfer time 
c. Queue statistics at switching nodes 
d. Link and PSE utilization 
e. Mean waiting time and mean number in queues where 

packets are waiting at the node 
f. Call connect times 
g. Throughput of PSE 

During the simulation, significant results are recorded on disk 
file as output descriptors. These are processed by the display 
unit (DISPN) which provides graphical outputs for users. When 
simulation is over, statistical data are also graphically dis
played. 

5. INTERACTIVE PROCEDURE 

5. 1 INTERACTIVE SIMULATION PROCEDURE 

The simulation procedure is outlined below: 
A computer excells in high-speed calculation and has a vast 
memory capacity, whereas man is far superior to a computer in 
general judgment and pattern recognition. This simulator exe
cutes the simulation process by man-computer interaction as fol
lows. We must first specify the network and the objectives to the 
program. The program makes it possible to create, modify and 
evaluate graph theoretic representations of networks. When a 
program starts, the first picture appears on the graphic display. 

A model is selected by the use of a light pen controlling the over
all program flow. Then, interactive simulation starts. First, 
nodes (exchange stations) and branches (transmission lines) are 
designated with a light pen, defining the structure of a communi
cation network. At the same time, data such as capacities and 
costs of exchange and transmission lines, design criteria, and 
algorithms to be used in the calculation are designated. Of the 
model thus prepared, evaluation analysis is made by calculation 
routine with the results displayed on the graphic display . 

FROM 
PSN 

Depending on the results of the evaluation, network topology and 
link capacities are modified as needed in an interactive fashion 
until all requirements are met. Therefore, we can see the . 
effects of design parameters, network topology, capacity assign
ment' and the routing on the network performance. These re
sults are filed in the computer with their network configurations . 
Finally, several plans are assembled in a graph form, as shown 

in photograph 3, enabling a man to make a final decision on 
them according to the definite evaluation criteria. 

This simulator has the following special features to facilitate 
man - computer interaction. For each human action such as de
tection with a light pen or depression of a function key, there is 
a corresponding computer response such as generation, deletion 
or blinking of the affected block of the picture. Second, when a 
user does not understand the meaning of the next operation or 
command during a simulation process, he can obtain the answer 
on the display by designating ~ command with a light pen. 
Thirdly, error checking and corrections can be done immedi
ately. and the user can specify some parameters after having 
seen output on the display. In CANDO, it is possible to decide 
the optimum layout of a communication:network or station con
figurations to satisfy predicted future demands according to 
evaluation criteria. (such as cost, response time and utilization). 
For example, in the case of a packet switching network, how 
many exchange machines, line concentrators and multiplexers 
of subscriber lines should be installed on which locations, what 
are the subscriber's geographical distribution and traffic de- · 
mand, how should the layout of lines be made, what is the opti
mum capacity, how much the cost, efficiency, and delay time 
be estimated for this case? These and other questions can be 
resolved by the simulator, providing parameters necessary for 
practical network design, compared with evaluation criterion. 

To reduce computation time, a new algorithm has been intro .. 
duced. When a solution cannot be obtained with a finite number 
of interactions with algorithms; when, though finite, a vast 
number of interactions is required; or when the obtained solu
tion markedly differs from the practice; man intervenes to 
modify the design conditions or parameters by his general 
judgment for further simulation. 
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Photo 1 NETWORK STRUCTURE ON THE DISPLAY 

Photo 2 NETWORK STRUCTURE AFT ER MODIFICATION 
OF Photo 1 

Photo 3 EVALUATION RESULTS DISPLAYED 

5. 2 ANALYTIC AND SIMULATION PROCEDURE 

If the evaluations are performed by simulation, this phase may 
consume excessive computer time. As already noted, this dis
advantage i s over come by CANDO whic h exclusively uses ana
lytic procedures. For convenience we t reat first the analytic 
model of the simple case of peak hou r load, then extend the 
evaluation to general traffic pattern by s imulation. The simula
tion model i s used for sensitivity a na lysis, for designing for 
other than peak hour , and for projection loads for long range 
planning. 

The validity of the models was tested by simulating the deter
ministic model in which netwo r k topology, link capacities and 
traffic load were exactly the same as the simulation model. 
The analytic and simulation r e sult s compare very favorably for 
a wide range of traffic loads. 
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5.3 PRINCIPAL ADVANTAGES 

The principal advantages of this simulation system are: 
(1) All network design procedures are computerized. 
(2) The program is designed in a modular fashion uSing 

FORTRAN IV and GPSS so that change of used models is 
flexible. 

(3) Input data are stored in database, therefore users do not 
have to prepare a huge input data. 

(4) DeSign process is highly interactive, enabling important 
parameters to be varied with the minimum effort. 

(5) Network performance is more frequently monitored via dis
play terminals. 

(6) Real-time network modification is easily attainable . 

(7) GPSS models are used for traffic simulation which sharply 
reduces the time and manpower required in writing and 
modifying the program. 

(8) Design program has wideband applicability to other commu
nication network design. 

6. CONCLUSION 

In this paper, we proposed hybrid simulations models which in
volve both analytic and simulation techniques. Since analytic 
techniques are often more accurate and faster than Simulation, 
we used analytic model as much of the system as analytically 
possible. The model was developed as a complete simulation 
system including auxiliary programs to aid on-line information 
retrieval from network database, traffic characteristic analysis 
and demand projection program, data communication network 
analysis and design using analytic model, traffic simulation pro
gram utilizing interactive procedures. It has been demonstrated 
that it is possible to build a detailed simulation model of a packet 
switched data communications network, and to determine the 
realistic design parameters uSing interactive design procedures . 

This method was applied to several models verifying its effec 
tiveness ' and very satisfactory results were obtained. Intro
duction of an interactive simulation into network design was 
proved to have the overall efficiency. Thus, our simulation 
model could be a valid tool for evaluating network performance, 
and it may be used to study a wide range of applications of net
work models such as a teleprocessing system, packet switched 
networks, computer networks, routing policies, and interface 
with other systems. Although this new interactive simulation 
system was developed for the design of data communication net 
works, the models developed are quite general and are useful 
for other fields of teletraffic applications. 
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