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Method for Routing Calls to Call Centers Based
On Statistical Models of Call Behavior

Field of the Invention

This invention relates to telephone communications, and
particularly to methods and systems for centrally managing a plurality of

call centers.

Background of the Invention

The telephone is one of the most widely used communication
equipments in the world. At first, it was merely a convenient tool to
allow people to communicate while they are physically separated.
Recently, many companies use telephones to market products and
services, provide technical supports to consumer products, allow callers
to access their own financial data, etc. Thus, the telephone is becoming
a major business and marketing tool.

In order to more effectively use telephone for business and
marketing purposes, call centers have been developed. In a call center, a
large number of agents handle telephone communication with callers.
The matching of calls between callers and agents is typically performed
by software. A simple example is used here to describe a few of the
many advantages of using call centers. When a call is made to a call
center, the telephone number of the calling line is typically made
available to the call center by a telephone carrier. Based on this
telephone number, the software in the call center can access a database

server to obtain information about the caller who has been assigned that
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phone number. The software can now route the call to an agent who can
best handle the call based on predefined criteria (e.g., language skill,
knowledge of products the caller bought, etc.). The software
immediately transfers relevant information to a computer screen used by

5 the agent. Thus, the agent can gain valuable information about the caller
prior to receiving the call. As a result, the agent can more effectively
handle the telephone transaction.

It can be seen from the above example that the enabling
technology requires a combination of telephone switching and computer

10 information processing technologies. The term commonly used for this
combined technology is computer-telephony-integration (CTI).

In a prior art call center architecture, each call center 1s an
independent unit. Current development in call center technology allows
the linking of multiple call centers. In this architecture, a centralized

15  controller is used to manage these call centers. This central controller
contains information on the activities and resources of each of these call
centers. It is found that this architecture allows more efficient use of call
center resources. As an example, a first call center may be overloaded
during the morning and a second call center overloaded in the afternoon.

20 The central controller monitors the loading at each call center and routes
the calls to the appropriate call centers. Thus, in the above example,
more calls will be routed to the second call center during the morning
(and converse during the afternoon) so as to equalize the loads. Asa
result, the performance of this architecture is better than the architecture

25 in which all the call centers are independent.

In order for the multiple call center architecture to work, the
central controller needs to have information on the activities of all the
call centers. There are at least two cases in which this information may
not be readily available. In the first case, activity information for each

30 call center is sent to the central controller only at certain time instances.
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As a result, there are time intervals in which real-time activity
information is not available. Consequently, it is desirable to be able to
develop a method to estimate the behavior of the call centers during
these intervals. In the second case, there are times when the connection
5 between one or more call centers and the central controller is broken.

Thus, this call center cannot send activity information to the central
controller. A conventional central controller would not be able to route
calls to these disconnected call centers. As a result, the performance
could suffer major degradation. Consequently, there is a need to

10  develop a system and method that can reduce the performance

degradation.

Summary of the Invention

15 The present invention allows the central controller to use
statistical technique to model the behavior of a call center during the
time interval when actual status data of the call center is not available. It
is observed that the telephone traffic pattern of many call centers can be
predicted using statistical tools. One aspect of the present invention

20  involves a model for estimating the ability of a call center to handle new
calls. This model is based on historic data. Consequently, the central
controller can continue to route call using statistical estimation of the
call behavior.

A call center is prevented from sending status data to the central

25 controller due to many reasons. For example, the call center may be
allowed to send status data to the central controller only during
preassigned times. Another reason is when connection between the call
center and the central controller is broken.

The present invention involves a method for routing a telephone

30  call arriving at a system having a plurality of call centers controlled by a
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central controller. Each of the plurality of call centers periodically
sends current status information to the central controller. At least one of
the call centers is temporarily unable to send the current status
information to the central controller (e.g., for the above stated reasons).
5 The central controller retrieves the status information of this particular
call center that has been previously sent thereto. The status of this call
center is estimated based on the retrieved status information. The center
controller then routes the call to one of the plurality of call centers using
the estimated status of this one call center and the status information of
10  other call centers.
These and other features of the present invention will become
apparent from the following description when read in conjunction with

the accompanying drawings.

15 Brief Description of the Drawings

Fig. 1 is a schematic diagram of a call center system containing a
central controller of the present invention.
Fig. 2 is a schematic diagram of an individual call center of the
20 present invention.
Fig. 3 is a timing diagram showing a time interval when the
estimation algorithm in accordance with the present invention is needed

because no actual data is available.

25 Detailed Description of the Invention

Fig. 1 is a schematic diagram of a call center system 100 of the
present invention having a plurality of call centers (such as call center
102a, 102b and 102¢) and a central controller 106. Controller 106

30  contains a call center interface unit 108 for communicating with call
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centers 102a, 102b and 102c¢, a stat-server 104 for containing statistical
information of all the call centers, a database 110 for storing agent and
customer information, and a router 114 for routing calls to individual
call centers in accordance with a routing algorithm. These components
are connected to each other via a data bus 128. Call center interface unit
108 is connected to call centers 102a, 102b and 102c using
communication links 118a, 118b and 118c.

When a caller dials a telephone number that is preassigned to call
center system 100, the call (shown as line 122 in Fig. 1) is temporarily
parked at a network control point 120 in the public switched telephone
network (PSTN)124. Network control point 120 has the ability to route
call 122 to any one of the call centers 102a, 102b and 102¢. Upon
identifying that the called telephone number is controlled by central
controller 106, network control point 120 notifies central controller 106
(through a network interface 112) of the arrival of the incoming call via
a communication link 126. Router 114 of central controller 106
determines the optimal routing of call 122 using information in stat-
server 104 and database 110. The routing decision is sent to network
control point 120. Call centers 102a, 102b and 102c are connected to
PSTN 124 through telephone lines 116a, 116b, and 116¢, respectively.
As a result, call 122 is routed to the appropriate call center.

It should be noted that the geographic location of central
controller is not important for the present invention. Thus, central
controller could be located inside or outside of PSTN 124. It could also
be located inside the premise of one of the call centers.

The structure of call centers 102a, 102b and 102c are essentially
the same. Consequently, only one of the call centers is described in
detail here. Fig. 2 is a block diagram of such a call center 130. It
contains an interface unit 136 for communicating with central controller

106. It also contains a CTI server 132 which is connected to an
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automatic call distributor (ACD) 134. It should be noted that a switch or
private branch exchange (PBX) may be used. ACD 134 could also be a
switch. A number of agent stations (such as stations 138a and 138b) are
located in call center 130. Each agent station typically contains a

5 telephone (such as 142a and 142b) and a computer (such as computer
144a and 144b). The telephones are connected to ACD 134 and the
computers are connected to a data bus 154.

After central controller 106 determines that a call should be

routed to call center 130, network control point 120 forwards call 122 to

10 ACD 134 (or a switch or PBX). If a switch is used, the call could be
routed to a routing point in the switch wherein routing is controlled by
external software. At the same time, central controller 106 instructs CTI
server 132 to route call 122 to a selected agent station (such as 138a).
Central controller 106 may also supply customer information to

15 computer 144a. Alternatively, call center 130 may optionally contain a
stat-server 148, a database 152 and a router (not shown). In this case,
routing inside call center 130 is performed locally. CTI server 132,
interface 136, stat-server 148 and database 152 communicate with each
other through bus 132. Call center 130 contains a number of hardware

20 queues (e.g., ACD queues) and/or software queues maintained by the
software in call center 130.

Call center system 100 will work optimally when central
controller 106 contains a complete set of information on all telephone
traffic in system 100. However, it is possible that the communication

25  link between one or more call centers and central controller 106 be
broken for a brief duration. In a conventional system, central controller
106 will no longer route calls to these detached call centers. One aspect
of the present invention is the realization that the telephone traffic
behavior of a call center can be statistically estimated using historic data.

30  As aresult, it is possible for central controller 106 to determine whether
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the detached call centers are busy. Ifit is determined that the detached
call centers are not busy, central controller 106 continues to instruct
network control point 120 to route calls to these detached call centers.
One function of interface unit 136 is to update central controller
5 106 of the status of call center 130, such as the number of agents who
have left the call center, the status of each agent, etc. This information is
stored in stat-server 104 of central controller 106. If communication
link 156 between call center 130 and central controller 106 becomes
broken, central controller 106 can use the status information to
10  determine whether calls should be routed to call center 130. Even if the
link is not broken, it is preferred to estimate the status, as explained
below in connection with Fig. 3.
Fig. 3 shows a time line 202 running in a horizontal direction.
At a time indicated by a line 204, a route request is generated because a
15 new call has just arrived. A time interval indicated by a line 206 is
required to make a routing decision. The call is routed at a time
indicated by a line 208. It takes a time interval 210 for the call to be
transmitted to a destination call center. At a time indicated by a line
212, the call arrives at the destination call center. The stat-server within
20  the central controller needs a time interval (shown by a line 214) to
receive new statistical data because it takes time to pass information
from the destination call center to the stat-server. At a time indicated by
a line 216, the stat-server is updated. It can be seen from Fig. 3 that no
actual data is available at the central controller for a time interval
25  indicated by a line 218. The estimation algorithm of the present
invention can be used to facilitate routing during this time interval.
There are many ways to estimate telephone traffic in a call
center. An exemplary algorithm for such purpose is described below.
The symbols used in the algorithm are defined first.

30 UT  The time of the last update from the detached call center;
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A The total number of agents in the detached call center;
AA  The number of available agents in the detached call center;
CQ  The number of calls in the queue of the detached call center;
AHT The average call handling time in the detached call center
CA  The number of answered calls in the detached call center;
CC  The number of completed calls in the detached call center;
AC  The number of agents on call in the detached call center;
AW  The number of agents in after-call work in the detached call
center;
AAW The number of agents in auxiliary work in the detached call
center;
OC  The time of the oldest call in the queue of the detached call
center,
CADD A container for adding new calls;
T The current time (i.e., time when a routing decision is made); and
BA  The number of busy agents in the detached call center.
The algorithm is:
if ((T-UT)*min(CQ+AC+AW,A-AAW)/AHT > CQTAC+AW){
BA=0;
CC=CC+CQ+AC+AW;
CQ=0; }
else if (CQ+ACHAW-(T-UT)*min(CQ+AC+AW,A-AAW)/AHT < A-
AAW){BA=CQ+AC+AW-(T-UT)*min(CQ+AC+AW,A-AAW)/AHT;
CC=CCHT-UT)*min(CQ+AC+AW,A-AAW)/AHT;
CQ=0; }
else {BA=A-AAW;
CC=CCHT-UT)*min(CQ+AC+AW A-AAW)/AHT;
CQ=max(0,CQ+AC+AW-(T-UT)*min(CQ+AC+AW,A-
AAW)/AHT-A +AAW);
b
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CA=CC+BA;
AC=min(BA,max(0,BA*CD/AHT));
AW=BA-AC;
AA=A-AAW-BA;
UT=T.

In the above algorithm, the term (AC+AW) corresponds to the
number of agents that are currently devoted to call-processing activity.
The term CQ corresponds to the number of calls that are waiting to be
processed because these calls are in the queue. Assuming that one agent
handles one call at a time, this term (CQ+AC+AW) could be interpreted
as (a) the number of agents needed to process calls already in the call
center and (b) the number of calls that are currently being processed or
need to be processed. The term (A-AAW) corresponds to the number of
agents that are not in auxiliary work, and are thus presumably devoted to
call processing activities. The term (T-UT) is the time interval from the
last update time to the current time. Consequently, (T-UT)/AHT
corresponds to the number of calls that can be handled by each agent in
the call center during this time period. Thus, the term (T-
UT)*min(CQ+AC+AW,A-AAW)/AHT corresponds to probable number
of calls being processed or need to be processed. As a result, the term
under the “if” clause corresponds to the cas¢ where all incoming calls
have been processed in time interval (T-UT). That is, the load is very
light relative to the capability of this call center. Consequently, the
number of busy agents and the number of calls in the queue are equal to
ZEero.

The term under the “else if” clause is invoked when not all calls
have been processed. However, the approximate number of unprocessed
calls is less than the number of available agents. If this condition

occurs, some of the agents are currently answering calls. However, there
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is no unanswered calls that need to be placed in the queue because there
are agents available to answer the call.

When neither the conditions in the “if” or the “else if” clause are
met, some calls will be placed in the queue because all available agents
are busy in answering calls.

Using the above statistical model, central controller 106 can
determine the capability of the detached call center to process new calls.
Other information may also be needed in determining where to route a

call. One piece of information is the time when the oldest call in the
queue arrive (“OC”). For example, a routing strategy may not route
calls to a call center where the calls in its queue has a long OC. This
parameter can be estimated statistically. As an example, central
controller 106 may contains a plurality of containers (“CADD”), one for
each call center, for recording the time of arrival of all calls processed or
to be processed by the call centers. The CADD is an internal queue,
created and updated by central controller 106 for use by this statistical
modeling. One way to determine OC is to trace back from the newest
call in the CADD a number of calls equal to CQ (i.e., the number of
calls in the queue). Because CQ can be determined from the above
statistical model, OC can also be determined from this statistical model.

Based on the above algorithm, it is possible to predict how many
calls a call center can accept. Consequently, central controller 106 may
route calls to a call center even when no instantaneous data related to the
call center is available.

The above statistical model can be used in the case where status
data of each call centers can only be sent to central controller 106 at pre-
assigned times. In this case, this statistical model is used to estimate call
behavior between the times status data is sent.

The invention has been described with reference to specific

exemplary embodiments thereof. Various modification and changes
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may be made thereunto without departing from the broad spirit and
scope of the invention. For example, the starting values of the
parameters used in the estimation algorithm could be specified explicitly
or obtain from a set of historic data. Further, these two sets of starting

5 values could be switch at will by a user of the present invention. The
specification and drawings are, accordingly, to be regarded in an
illustrative rather than a restrictive sense; the invention is limited only

by the provided claims.
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What is claimed is:

1. A method for routing a telephone call arriving at a system having a
plurality of call centers controlled by a central controller, each of said
5 plurality of call centers periodically sending current status information to

said central controller; at least one of said call centers being temporarily
unable to send said current status information to said central controller,
said method comprising the steps of:

retrieving status information of said one call center that has been

10  previously sent to said central controller;

estimating a status of said one call center based on said retrieved
status information; and

routing said call by said central controller to one of said plurality
of call centers using said estimated status of said one call center and

15  current status information of other call centers.

2. The method of claim 1 wherein said estimating step comprises the
steps of:
determine whether all calls routed to said one call center are
20 likely to be completely processed; and
setting number of calls in a queue and number of busy agents
equal to zero if all calls routed to said one call center are likely to be

completely processed.

25 3. The method of claim 1 wherein said estimating step comprises the
steps of:
determine whether an approximate number of unprocessed calls
in said one call is less than number of available agent; and
setting number of calls in a queue equal to zero if the

30 approximate number of unprocessed calls in said one call is less than the
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number of available agent.

4. The method of claim 1 wherein said routing step comprises the steps
of:

estimating a time of oldest call in a queue of said one call center;
and

forming a routing strategy based partly on said time of oldest

call.

5. A method for routing a telephone call arriving at a system having a
plurality of call centers controlled by a central controller, at least one of
said call centers periodically sending status information to said central
controller, said method comprising the steps of:

retrieving status information of said one call center that has been
previously sent to said central controller;

estimating a status of said one call center based on said retrieved
status information; and

routing said call by said central controller to one of said plurality
of call centers using said estimated status of said one call center and

current status information of other call centers.

6. The method of claim 5 wherein said estimating step comprising the
step of executing a algorithm:
if (T-UT)*min(CQ+AC+AW,A-AAW)AHT > CQ+AC+FAW){
BA=0;
CC=CC+CQ+AC+AW,
CQ=0; }
else if (CQTACHAW~(T-UT)*min(CQ+AC+AW,A-AAW)/AHT < A-
AAW){
BA=CQ+AC+AW-(T-UT)*min(CQ+AC+AW,A-AAW)/AHT;
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CC=CCHT-UT)*min(CQ+AC+AW,A-AAW)/AHT;
CQ=0; }
else { BA=A-AAW;
CC=CCHT-UT)*min(CQ+AC+AW,A-AAW)/AHT,
5 CQ=max(0,CQtAC+AW-(T-UT)*min(CQ+AC+AW,A-
AAW)/AHT-A +AAW); }
CA=CC+BA;
AC=min(BA,max(0,BA*CD/AHT));
AW=BA-AC,
10 AA=A-AAW-BA;
UT=T;
where
UT  is the time of the last update from said one call center;
A is the total number of agents in said one call center;
15 AA is the number of available agents in said one call center;
CQ  is the number of calls in the queue of said one call center;
AHT is the average call handling time in said one call center
CA  is the number of answered calls in said one call center;
CC s the number of completed calls in said one call center;
20 AC 1isthe number of agents on call in said one call center;
AW s the number of agents in after-call work in said one call center;
AAW is the number of agents in auxiliary work in said one call center;
T is the current time (i.e., time when a routing decision is made);
and

25 BA is the number of busy agents in said one call center.
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