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ABSTRACT 

Network Automatic Call Distribution (NACD) utilizes the 
Integrated Services Digital Network (ISDN) standard as a 
vehicle to effectively distribute calls between ACD sites. 

Due to the dynamic nature of NACD, its routing algorithm, 
dependent upon the network congestion status, is very hard 
to describe mathematically and its system performance is 
just as hard to evaluate accurately. A simulation model, 
based on the SLAM IT (Simulation Language for 
Alternative Modeling) simulation language [1], will be 
shown to be an effective tool to evaluate the system 
performance of a network with the NACD application, due 
to its flexibility in implementing routing criteria reflecting 
the unique NACD features. 

The result of simulation indicates that use of NACD 
produces a significant improvement in grade of service and 
agent utilization. The improvement is most pronounced 
when agent load is unbalanced in a non-NACD 
environment .. 

1 INTRODUCTION 

Automatic Call Distribution (ACD) is a Private Branch 
Exchange (PBX) application which dynamically routes 
incoming calls to a pool of available agents. ACD has 
proven cost effective in allocating these resources, and has 
become the cornerstone of a large number of business and 
telemarketing applications. 

The advent and standardization of ISDN made it possible 
to use a standard signaling protocol (CCITT Q.931)[2] for 
communication among PBXs in various locations. This 
protocol, in turn, facilitated the introduction of new 
features, such as Calling Line Identification (CLID), which 
allows the recipient of a call to know the identity of the 
caller even before the call is answered. 

While the dispute on whether CLID is an invasion of 
privacy continues to rage in public forum, the feature is 
making serious inroads into the business world, 
particularly in the telemarketing segment, such as catalog 
and media sales, brokerage, and insurance, as it makes 
possible the instant access by an agent to infonnation 
relevant to the caller from a data base on a host associated 
with the PBX. 

This paper presents an evaluation of a recent ISDN 
development called Network ACD (NACD) which marries 
the functionality of ACD with the advantages of a 
geographically distributed network. NACD dynamically 
controls call routing in the network by using the 
Information Element (lE) in the ISDN signaling message 
to communicate such information as origin of the calling 
party, priority of the call, routing preferences, agent 
availability, waiting time, queue length, etc. 

2 NACD 

2.1 General Description 
Several ACD locations are connected to form a network. 
Incoming calls at each node are served by ACD agents. 
When all agents are busy, calls are placed in a queue to 
wait for the next available agent. It is at this point that the 
unique features of NACD come into play. If a call is still 
waiting after a designated time, a message is sent to other 
nodes in the network to find an available agent. The call 
will be serviced by the first node that has an idle agent. 
When this happens, the required trunk and signaling paths 
between the source and the answering node are seized. The 
call is transferred. The servicing node then sends a 
message to the source node indicating that the call has been 
answered. The source node immediately notifies all other 
target nodes that the call has been handled and the request 
can be dequeued. 

Voice circuits are not allocated between nodes until an 
available agent has been located. All signaling required is 
sent via the ISDN signaling channel. 

2.2 CCITT Q.931 Based Protocol 
NACD provides two-way communication between the 
originating and servicing node. A minimum of seven 
messages of Q.931 layer 3 protocol are involved in a 
complete cycle of basic call setup and teardown. When 
tandem nodes or additional features are involved, more 
messages are necessary. NACD essentially utilizes ISDN 
Primary Rate Interface (PR!) layer 3 capabilities. It does 
not impact other layers of the ISDN protocol 
implementation. 
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2.3 The Elements Of NACD 
Implementation of NACD comprises the following major 
tasks. 

2.3.1 Routing Tables 

Routing Tables at each node contain pairs of timers and 
overflow target nodes. Each routing table may contain up 
to twenty target nodes to which a call may overflow after 
the corresponding waiting time has expired. The design of 
the routing table is one of the crucial elements in 
determining the network efficiency. 

NACD may best be utilized in a national network which 
overflows calls to nodes of a different time zone, thus 

taking advantage of the non-coincident busy hours among 
nodes. 

2.3.2 Call Overflow 

As each timer in the routing table expires, an overflow 
message is sent to the corresponding target node via the 
signaling channel. The target node places this request on 
its call request queue as a "virtual" call, which is called a 
"clone" in the simulation model. The call is not transferred 
at this time, and no B-channel is required between the two 
nodes. 

As additional timers expire, a call request may be queued 
on other target nodes as well. The first node to have an 
available agent notifies the source node, which transfers 
the call, and then, notifies all other nodes to cancel the 
outstanding requests. At this point, the B-channel between 
the source node and the servicing node is established. 

2.3.3 Timers 

In addition to the timers in the routing table, an agent 
reservation timer sets a limit on the length of time a target 
agent will wait for the call to be transferred. If the timer 
duration is exceeded and the call has not been forwarded to 
the reserved agent in the target node, the agent is 
automatically returned to his/her original agent queue and 
is free to handle other calls. 

A resend timet sets the limit of time to wait for a response 
from the remote node. A duration timer determines the 
time period (default value 30 minutes) a target node will 
keep a call request in the call request queue. 

2.3.4 Flow Control Mechanism 

To protect the network from being clogged by unwanted 
calls, a node can become inactive and deny access to other 
nodes when the length of its Call Request queue has 
reached a pre-determined number, which can be set by a 
site engineer. The node will become active again only 
when the Call Request queue length has dropped below a 
flow control value. The ISDN signaling channel is used to 
communicate status changes. 

The flow control mechanism is designed to prevent status 
active/inactive messages from flip-flopping back and forth 

throughout the network. For example, a node is set to 
inactive mode when the Call Request queue size reaches 
100, and put back to active status when the Call Request 
queue size reduces to below 80. 

3 The Modeling of NACD 

A simulation model has been developed to evaluate the 
performance of NACD. In the model, a call is generated to 
simulate the call processing sequence an actual NACD call 
will go through with certain simplifications. Statistics are 
collected to reflect the performance and utilization of the 
various network resources. 

3.1 Simulation language and 
Environment 

The model was constructed using the SLAM 11 simulation 
language [1] and the TESS (The Extended Simulation 
Suppon System) data base manager and graphics package. 
SLAM 11 allows the modeler to construct a model using 
network symbols and discrete event FORTRAN routines. 
The model uses FORTRAN routines to initialize input 
parameters and describe NACD features not easily 
represented by the network graphs. 

3.2 NACD Call Processing 
The following text describes a 2-node NACD network, and 
captures the essence of high level design of the NACD 
feature. The example uses two nodes called Node 1 and 
Node 2, one as the source node and the other as a target 
node. The network is expandable to a larger system in the 
simulation model. 

In this description, the term "clone" refers to a virtual call 
queued at a target node, indicating the presence of a call 
awaiting service at the source node. 

3.2.1 When The Source Node Has Idle Agents 

1. Calls are offered to Node 1. 

2. Before the call is processed, check to see if 
any clone of the call exists. If so, remove 
these copies from other pans of the 
network. 

3. Process the call with a specified agent 
service time. 

4. When the call terminates, collect and 
summarize relevant statistics. 

3.2.2 When All Agents at the Source Node are 
Busy 

1. Create a clone of the call to queue on the 
Call Request queue of the target node 
(Node 2). 

2. Request a signal channel from Node 1 to 
Node 2. The Call is delayed until the signal 



channel becomes available. 

3. Request an idle agent on Node 2. 

4. When an agent becomes available, allocate 
a signal channel from Node 2 back to Node 
1 and stan the clock for counting the Agent 
Reservation Time. 

5. Check to see if any trunk from Node 1 to 
Node 2 is available. If it is, check to see if 
this call has any clones on other Call 
Request queues. Remove any clones from 
the rest of the network and seize a trunk to 
finish the connection. 

6. If no trunk is available by the time the 
Agent Reservation Time has expired, 
cancel the call from the Call Request queue 
of the target node and release the target 
node agent. However, the call could still be 

, waiting on Call Request queues of other 
nodes. 

7. Upon successful connection, busy the trunk 
and agent for the specified service time. 
Release the trunk and agent from the 
network when service time is up. 

8. Collect queueing and utilization statistics. 

Repeat the process for other target nodes. 

4 Sample Simulation Runs 

4.1 ABC Company Configuration 
To test the accuracy of the simulation model, a 
configuration resembling a customer's 4-node ACD 
network (non-NACD) was setup. The simulation results 
were compared with performance data collected from the 
customer. The simulation model accurately reflected the 
ACD function. The model was then modified to invoke 
NACD features. The resulting performance statistics 
indicate a strong improvement in customer service 
(reduced waiting time) and agent utilization. 

Due to the sensitivity of the data involved in this study, a 
fictitious name has been used to conceal the customer's 
true identity. The ABC Company network consists of four 
nodes, each performing independent ACD services. Each 
node has one ACD Directory Number (ACD-DN) and all 
nodes are within the same time zone. 

A simplified network diagram of the ABC Company 
configuration is as follows: 
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Figure 1. The ABC Company Network 

Although currently these switches do not have the NACD 
feature, they are connected together by direct trunks as 
shown in Figure 1 or by tandem routes. The numbers next 
to connecting lines in Figure 1 indicate the number of 
trunks on that path. Whenever a node is not in an active 
state, a night service feature is activated, so that all calls to 
this node are routed to another node designated by the 
switch. This operation is currently done manUally. 

Since there is no NACD feature, the switches have no 
dynamic routing capability based on traffic conditions, nor 
can they overflow calls according to waiting times or 
priorities. For non'-NACD configurations, each node 
handles local calls exclusively. 

4.2 Non-Network ACD Application 

During the hour of 18:00 to 19:00 of 10/25/89, the statistics 
of the 4-node network were as follows: 

Table 1. 4-node Traffic Data Summary of the ABC 
Company 

Node Calls Calls Avg Avg Min/A 
Acpt Ans Abnd Agt Work Hr SA 

Node 1 1005 862 143 33 132 57 104 

Node 2 550 470 80 18 133 58 170 

Node 3 674 674 0 36 130 41 0.0 

Node 4 366 365 1 21 144 42 0.0 
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Calls accepted is the number of calls entering the system, 
of which a certain portion were answered and the rest 
abandoned. Average agent is the average number of agents 
in service during the hour. Average work is the agent 
service time. Minutes per hour is the average number of 
minutes the agents were busy. The last column, Average 
Speed of Answer (ASA), is the time delay in seconds for 
answered calls. Judging from the agent busy data (min/hr 
busy), this system is a good candidate for an NACD 
application, since two nodes were highly loaded (57 to 58 
minutes busy out of the hour) and the other two nodes were 
only moderately loaded (41 to 42 minutes - about 70% 
loading). 

Before simulating the network invoking the NACD 
feature, it is desirable to see how closely the model can 
match the above field data. It was assumed that 6% of calls 
encountering delay drop out of the system after 20 
seconds, and 8 % of calls are abandoned after 160 seconds. 
The simulation results are summarized as follows: 

Table 2. 4-node Traffic Data Summary of A 
Simulation Run 

Node Calls Calls Avg Avg Min/A 
Acpt Ans Abnd Agt Work Hr SA 

Node 1 1005 872 133 33 132 60 133 

Node 2 550 474 76 18 133 60 184 

Node 3 674 674 0 36 130 43 0.1 

Node 4 366 363 3 21 144 45 2.5 

There are some variations in abandoned calls, minutes 
busy per hour and average speed of answer between the 
field data and simulated data. However, the differences are 
within the range of statistical variations. 

4.3 Network ACD Application 

Table 3 is a practical example of a routing table for an 
NACD application. A call originating on a "From" node 
will queue on a "To" node after the indicated elapsed time. 
For instance, a call at Node 1 will queue on Node 3 and 
Node 4 after 10 seconds of waiting and queue on Node 2 
after 30 seconds; calls to Node 2 queue on Node 3 and 
Node 4 after 10 seconds and queue on Node 1 after 30 
seconds. 

Table 3. A Routing Table (Time In seconds 
to queue on a remote route) 

To: Node 1 Node 2 Node 3 Node 4 
From: 
Node 1 0 30 10 10 
Node 2 30 0 10 10 
Node 3 30 30 0 10 
Node 4 30 30 10 0 

Results of the simulation are summarized in Table 4. 

Table 4. 4-node Traffic Data Summary of A 
Simulation Run With NACD 

Node Calls Calls Avg Avg Min/A 
Acpt Ans Abnd Agt Work Hr SA 

Node 1 1005 996 9 33 132 57 9 

Node 2 550 543 7 18 133 56 8 

Node 3 674 663 11 36 130 56 10 

Node 4 366 359 7 21 144 57 11 

Comparing the simulation results in Table 4 with the field 
data in Table 1, several striking contrasts can be observed: 
(1) The abandoned calls are dramatically reduced from a 
total of 224 to 34. (2) The total minutes (utilization of 
agents) are increased from 198 minutes to 226 minutes per 
hour. (3) The Average Speed of Answer becomes very 
short and even: two long waits are shortened and the zero 
wait times become 10 seconds or so which is still quite 
acceptable. Overall, the NACD feature made a very 
significant improvement in the service and efficiency of 
the network. 

In order to provide a better visual comparison of services 
with and without the NACD feature, some network 
performance statistics are plotted in charts for an easy 
contrast. Figure 2 is the queue length chart for Node 1 
during the 6000 seconds of simulation without NACD. It 
appears that the maximum number of calls waiting in the 
queue rises to about 65. 

Figure 2. Queue Length Without Networking 
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The same configuration and traffic with NACD yielded a 
similar chart in Figure 3, which shows a maximum queue 
length of about 22. The average number of calls queued is 
greatly reduced by activating the NACD feature. 

Figure 3. Queue Length With Networking 

ACO QUEUE AT NODE 1 

Figure 4 and Figure 5 are agent utilization charts without 
and with the NACD feature. Figure 4 shows that Node 1 
and Node 2 are fully loaded, while Node 3 and Node 4 still 
have plenty of spare capacity which is not utilized .. 

Figure 4. Agent Loading at each Node 
Without NACD 
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Figure 5. Agent Loading at each Node with 
NACD 

Figure 5 shows that after NACD is activated, the loading 
on every Node is practically the same. The uneven 
utilization of agents is eliminated. The end result is an even 
service to all customers, regardless of where calls 
originate, and better utilization of agents. 

Figure 6. Customer time In System without 
NACD 
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Figure 6 and Figure 7 are customer time in the system (all 
calls from four nodes) without and with NACD. The time 
in system includes the waiting time on the queue and 
service time by the agent. Figure 6 shows that a significant 
amount of calls spent more than 300 seconds in the system. 
Since the average service time is 120 seconds, it means that 
the average waiting. time for these calls is over 180 
seconds. 

Figure 7, network with NACD, is significandy different 
from the case without NACD. Most calls are served within 
210 seconds. The calls which spent more than 300 seconds 
in the system are relatively few. 

Figure 7. Customer Time in System with 
NACD 
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5 Conclusion and Comment 

This paper has described the function, implementation and 
modeling of NACD. Field data from customer sites were 
used to compare performance levels projected by 
simulating the same configuration with the NACD feature. 
The customer service improvement from an average speed 
of answer of 110 seconds to 10 seconds is most impressive. 
not to mention the reduction in abandoned calls and 
increase in agent utilization. 

By using the same Q.931 platform, other ISDN 
applications such as network messaging, network call 
detail recording, network ring again, network call transfer, 
etc.. are proliferating fast. It is true that the ISDN 
application was initially driven by technological 
advancement, but there is little doubt that market demands 
pull it forward. As long as new applications make 
economic sense for customers such as is the case with 
NACD, the technological progress will charge forward. It 
is expected that most PBX features will eventually be 
available in the network environment. 
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