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[57] ABSTRACT

A system and method is disclosed for controlling call
placement rates for telephone systems providing call
pacing system in which outbound calls are automati-
cally paced so that as attendants become available a
valid call is completed to be handled by the available
attendant. The system takes advantage of a system
which statistically monitors the average call completion
time, the average agent in-use time, the average time to
answer and the probability of a valid answer. Call plac-
ing overlap is controllable in conjunction with the mon-
itored statistical parameters to achieve operation
around any desired system operating parameter. The
system is controlled by a plurality of precisely defined
operational tasks operating in a hierarchical manner.
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calculote  ACT/PA
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SCHEDULE TASK

- incorporate o deloy parameter depending
upon a desired approximate balance
between idle attendonts and amount of
hold time

- odjust timing of attempted outbound
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attendant availability, call completion
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— calculate o time to stort calling for each

FIG. 7 attendont based upon AAIUT-ATTA

- odjust time to start colling in accordance
with the deloy parameter
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111.112.113 —1 ottendant basis depending upon the

e monitored statistical parameters for
each attendont

- control answered connections to each
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call tasks

- change a number of said
concurrently ottempted outbound calls
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SYSTEM AND METHOD FOR CONTROLLING
CALL PLACEMENT RATE FOR TELEPHONE
COMMUNICATION SYSTEMS

TECHNICAL FIELD OF THE INVENTION

This invention relates to automatic call pacing sys-
tems and more particularly to a system and method for
predicting and controlling the timing (pacing) of outgo-
ing telephone calls.

BACKGROUND OF THE INVENTION

Recently, a new development in telecommunications
has taken place. Systems have been developed, for ex-
ample, U.S. Pat. Nos. 4,599,493 and 4,797,911 which
automatically dial a number and then connect a live
operator when the called party answers the call. For
efficiency, because there are always a certain number of
unanswered or busy calling connections, and because
some of the numbers called are, in fact, machines, it
stands to reason that an automated call placing (ACP)
system can improve efficiency by attempting more calls
than there are agents. To make this effective, the system
should begin the call placement routine before a live
operator is actually available. However, this procedure
opens the possibility of an answer occurring with no
available operator.

On the one hand, for the sake of economy, a system
manager would like to have all of the agents busy all of
the time. On the other hand, it is important in many
applications to minimize the amount of time a called
party is placed on hold. It is the nature of ACP systems
that these two goals are mutually exclusive, that is to
say: You can have 100 percent agent utilization but at
the cost of lengthy customer hold time, or have no
customer hold time at the cost of low agent utilization
(long agent idle time). The purpose of a pacing algo-
rithm is to allow the system operator to control one or
the other of these parameters. By setting the pacing
level, a system operator can make the trade-off between
these parameters.

Other parameters around which systems can be con-
trolled are the number of customers waiting for an
agent; the number of disconnects on hold by answered
customers; operator idle time, or perhaps the amount of
time that a customer must wait on hold. None of the
existing operating system set points are appropriate in
all situations.

Accordingly, automated call pacing systems require a
system and method of allowing the system operator to
control the trade-off between attendant efficiency and
customer waiting time.

One difficulty with such a system is that the statistics
of the telephone network and the call receiving public
are not static, i.e., the probability of an answer can
change from time to time. This is compounded in that
the size of the operator pool itself may change, as well
as the time an operator is engaged on a particular calling
connection. Therefore, this makes the above require-
ment even more difficult to achieve.

Accordingly, a need exists in the art for an automated
call pacing system which takes into account a myriad of
diverse operating conditions and allows the user to set
the balance between customer hold times and operator
efficiency.

A further need exists in the art for such a system
which will hold the selected operating point even while
other system independent variables, such as the number
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2
of operators, probability of answer and agent task time
change.

SUMMARY OF THE INVENTION

We have solved the problems inherent with auto-
matic call placement (ACP) by implementing an en-
hancement to existing predictive dialing systems. This
enhancement allows an ACP system to automatically
place calls for live agents in such a way as to cause a
new call to be answered close to the time when the
agent finishes talking on the previous call.

The purpose of any predictive dialer is to keep agents
busy handling phone calls. This means that any part of
the call-placing process that can be automated, should
be.. Of course, the system can automatically dial the
number for the agent, but this typically only saves a few
seconds of the agent’s time on each call.

- A much more productive call task to automate is the
time the agent spends listening to the ringing and wait-
ing for an answer. If a system can automatically deter-
mine when the phone is ringing and when a person
answers the phone, then this process can be done in
parallel with the agent’s conversation. This can easily
save more than half of the agent’s time on a call, consid-
ering that the agent may have to place several calls
before obtaining a valid answer.

To accurately predict when a new call should be
placed, the predictor must perform two tasks. First, the
predictor gathers statistics about call times and agent
talk times. Second, the new call placing time must be
calculated and calls placed.

The statistics task must gather data and calculate
several statistics parameters to be used by the predictor.
The two primary statistics are: How long (statistically)
will the agent talk (Average Agent In-Use
Time—AAIUT) and how long (statistically) and how
many calls will it take to get a live answer on a call
when placing calls (Average Time To An-
swer—ATTA).

The second task that the predictive algorithm must
perform is to utilize AAIUT and ATTA to determine
when to place new calls for an agent.

Once the call placing algorithm knows these two
average times, it can calculate how long to wait after
the agent has started talking before starting to place
calls to get the next answer. This wait time is called the
time to start calling (T'SC), and it is the time the system
will wait after the connection of an agent to a call be-
fore starting to place new calls. The formula for TSC in
a simple one agent, two-line system is as follows:

ISC=AAIUT—ATTA

This equation gives the best statistical estimate of
when to start placing calls. Using this formula, the prob-
ability of an answered call coming before or after the
agent finishes talking is about equal (0.5). This formula
can be repeated for a system with x agents and 2x lines.
Other ramifications of the equation are that the average
number of agents that had to wait to take a new call will
be about the same as the number of customers that had
to wait for an agent, over a period of time. Also this
equation makes the amount of time that customers wait
on calls roughly equal to the idle times of the agents.
This operation point can be shown to minimize the
“wasted” time on a system where wasted time is the
sum of agent idle time and customer hold time. A figure
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of merit for this system can be obtained by summing the
total agent idle time and customer hold time together
for a specific period of time. However, minimizing the
sum of agent idle time and customer hold times may not
be what is required in the application. Some users
would like near-zero agent idle time while allowing
called parties to be placed on hold longer. Other users
would like near-zero customer hold times while allow-
ing agents to be idle longer. Both can be accomplished
by placing a variable delay in the TSC equation. The
new equation is:

TSC=AAJUT—ATTA+DELAY

If the pacing delay value is positive, the system will
place calls later than optimally. This will cause the
agent idle times to go up, and customer hold times to go
down. If the delay value is negative, the system will
place calls earlier than optimal. This will cause agent
idle times to get smaller, and hold times to get longer. A
major advantage of the invention is that once the delay
parameter is set, the method described will hold the
idle/hold trade-off relatively stable over changes in
number of agents, agent talk time, or probability of
answer without use of feedback methods, thus eliminat-
ing oscillation and other stability problems inherent in
previous pacing algorithms.

Accordingly, one technical advantage of this inven-
tion is the placing of calls in which outbound calls are
automatically spaced in response to a single user con-
trolled variable so that, as attendants become available,
a valid call is completed to an available called party,
based upon a preset balance point between idle agents
and on-hold parties.

It is another technical advantage of the invention that
advantage is taken of a system which statistically moni-
tors the average call completion time, the average agent
in-use time, the average time to answer, and the proba-
bility of a valid answer to generate the calls in an or-
derly fashion so that as system parameters change, the
desired balance point of the system is maintained.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present
invention, and the advantages thereof, reference is now
made to the following descriptions taken in conjunction
with the accompanying drawings, in which:

FIG. 1. shows a three agent system and the various
tasks assigned to handle each agent;

FIG. 2 shows time lines of the activity on two station
lines;

FIGS. 3A-3D show registers used to store statistics
and to generate system parameters;

FIG. 4 shows a prior art system using a computer for
generating information for each attendant;

FIG. 5§ shows a system using the predictive dialing
atgorithm of the present invention;

FIG. 6 illustrates various functions performed by
statistical task 140 illustrated in FIG. 1;

FIG. 7 illustrates various functions performed by
schedule tasks 111, 112, 113 illustrated in FIG. 1;

FIG. 8 illustrates various functions performed by
answer tasks 121, 122, 123, 123A illustrated in FIG. 1;

FIG. 9 illustrates various functions performed by
queuing task 141 illustrated in FIG. 1; and

FIG. 10 illustrates various functions performed by
call tasks 131, 131A, 132, 1324, 133, 1334, 133B, 133C
illustrated in FIG. 1.
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DETAILED DESCRIPTION OF THE
INVENTION

Before beginning a discussion of the predictive algo-
rithm, it might be helpful to understand the context in
which the algorithm is to be used. This is best illustrated
from a review of FIG. 4 in which telephone trunks 401
from a telephone exchange (not shown) extend through
telephone switch 46 in a conventional way and via
telephone lines 402 to telephone stations 44, 45, which
are utilized by agents one and two. Each of these agents
also has a keypad and computer input terminal 42, 43
connected via lines 403 to computer 41.

Traditionally, the system can be used so that com-
puter 41 places on the screen a phone number which
agent one then dials in 2 conventional way to connect
station 42 to a called party via trunk lines 401.

Over the years, this has become a mainstay-of tele-
phone solicitation or telephone response. However, in
recent years, a new system shown in FIG. § has auto-
mated the placement of calls so as to increase the effi-
ciency of the attendants. Such a system is the subject of
U.S. Pat. No. 4,829,563 dated May 9, 1989, in the name
of Crockett, et al, which patent is hereby incorporated
by reference herein.

Typically, this has been done by computer 51 com-
municating over bus 511 with computer 57 and provid-
ing computer 57 with a number of telephone numbers
which are to be called throughout the course of a time
period. Call control computer 57 then places calls
through telephone switch 56 by first establishing the .
call via use of a call placement and call progress deter-
mination circuit 58. The system works such that circuit
58 dials a call over one of the trunks 501 and monitors
the progress of the call via lines 504 to determine
whether the call has been answered, a busy signal has
been returned or a no-answer situation exists. Upon
determination of an answer, that information is commu-
nicated (either through switch 56 or via a direct bus
connection) to call control computer 57 which in turn
monitors which agent is then available. Computer 57
then controls telephone switch 56 to complete a con-
nection from the active trunk 501 over a selected line
502 to a selected agent, such as agent one at station 54.
Call control computer 57 then, via bus 510, transmits
information to terminal 52 indicating the identity of the
called party. At the same time, terminal 52 communi-
cates this information to computer 51 over leads 503.
Computer 51 then accesses its data base and provides
the block of data to the appropriate agent operating in
this respect in the inquiry mode.

System 50 then operates to automatically place calls
to called parties and must do so in a manner such that
when the calls are answered, an attendant is available.
The efficiency with which call control computer 57
performs its function (predictive dialing) determines the
efficiency and thus the profitability of system 50.

In addition, the efficiency with which call progress
determination can be made is an important factor and is
the subject of concurrently filed copending patent ap-
plication entitled “Call Progress Detection Circuitry
and Method,” Ser. No. 07/657,530, which application is
hereby incorporated by reference herein.

For the purposes of this invention, definitions of per-
tinent statistical parameters of the predictive dialer are
employed within call control computer 57 as follows:

AATIUT: Average Agent In-Use Time. This is the
average time that each individual agent is connected to
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a call and unavailable to take new calls. This time is a
combination of the time that an agent is connected to a
called party as well as any wrap-up time after the call
when the agent is not available for new calls. The pac-
ing task can calculate either an individual average
AAIUT for each agent’s recent history or an overall
average of all agents’ AATUT, using a sliding-window
average. Individual averages work well for agent
groups under 5-8 agents, while an overall average is
adequate for groups larger than that. Usually the aver-
age is taken over the last 20-40 calls. The AAIUT aver-
age can then be used by the pacing task to predict when
each agent will be available next to take more calls. The
abbreviation AAIUT will be used to describe this win-
dow-averaged agent in-use time. Again this is derived
over the last N calls.

PA: Probability of answer. This is defined as the ratio
of answered to no-answer calls. An answer rate of 0.4
indicates that there is a 40% probability that any partic-
ular call will require an agent. This statistic is derived as
a first step to determining ATTA.

ACT: Average Call Time. This is defined as the aver-
age time to place a single call on the system. This is
essentially the average of a parameter called the Call
Interval that is measured for each call placed on a cam-
paign. The call interval (CI) is defined as the time that
a phone line is involved in the process of a call, and no
agent is attached. All calls have a CI parameter, but it is
defined differently on agent-handled (answered) and
automatically-handled (no-answer) calls. For automati-
cally handled calls, the call interval is defined as simply
the time from line seizure and dialing to disconnect.
This could be a no-answer call, busy, or wrong-number
intercept call. For answered calls, the call interval is
defined as the time from line seizure to called-party
answer. CI does not include called-party on-hold time
(CPHT). The ACT parameter is an average of call
intervals over all types of calls on the system, which
includes no-answer, busy and answered calls. The ab-
breviation ACT is used primarily to describe the win-
dow-averaged call intervals in this document.

The pacing task can use a sliding-window average of
call intervals to determine the average single call time
for the system’s recent calling history. The ACT statis-
tic is used with the PA statistic to derive ATTA.

ATTA: Average Time-to-Answer. This is defined as
the average time it takes to place a series of calls until an
answer occurs on one of the calls. The calls can be
placed serially on a single line, or overlapped on multi-
ple lines, but ATTA is defined as the time from the start
of the first call to the first answer. This statistic can be
calculated by timing the system’s answer call attempts
from start to first answer and developing a windowed
average of the last N answer task times. However, if the
call list has a low probability of answer, it may take a
long time to directly calculate ATTA. A more efficient
way 1o calculate ATTA is to divide the windowed
ACT by PA. Since both ACT and PA can be derived
after every call, ATTA can also be derived after every
call, instead of waiting for an answer to occur.

The manner of calculating the variables ATTA and
AAITUT will now be discussed in more detail with refer-
ence to FIGS. 3A-3D.

The calculation of ATTA requires previous calcula-
tion of the probability of answer (PA) and the average
calling time (ACT). These two parameters are shown in
FIGS. 3A and 3D, respectively, where registers each
having seven cells are shown. Note, however, that for
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the example only seven cells are used. In reality, the
register would have perhaps 30 cells or more depending
upon the desired responsiveness of the system. The
individual cells of the PA register would provide for
every call a 1 or 0 depending upon the completion or
non-completion of the call. After the register is full,
each new call causes the bit that has been there the
longest to be dropped, and the new call result added so
that, in reality, the registers are dynamically tracking
the most recent calls over time.

In a similar fashion, the average calling time ACT
register keeps the number of seconds required for the
call interval (CI) on each call. Again, only data about
the last seven calls will be maintained in the window.

Making the calculations then from FIG. 3A, the num-
ber of 1’s for the cells are added together. In this case
they would add to 4. They are then divided by 7, resuit-
ing in a PA of 0.57. From FIG. 3B, the ACT seconds
would add to 227, divided by 7, which would give an
ACT of 32.42. From these two numbers the ATTA can
be calculated as shown to come out to be 56.8. The
manner of calculating the agent’s in-use time, as shown
in FIG. 3C and 3D for agents 1 and 2, respectively, is
simply the matter of recording in seconds the amount of
time the agent actually takes for a call. Thus, for agent
1 the average in-use time is 91.43 seconds, and for agent
2, the average in-use time is 85.71 seconds.

It should be noted, of course, that these averages will
change as the per call time changes, and the number of
cells monitored will determine the responsiveness of the
averages over a period of time. Therefore, the number
of cells can be either fixed or adjustable as the user
desires.

The importance of utilizing proper algorithms and of
controlling the system for flexibility will now be dis-
cussed with respect to FIG. 2.

Turning now to FIG. 2, let us look at line 1. At time
TO, as shown in box 201, there is a dial with a no-
answer which means the system dialed the number and
there was no answer. The system then determines this
fact and dials another number, again with no answer, as
shown in box 202. In box 203, the dialed number an-
swers and a live person comes on the line. Using the
calculation ATTA= ACT/PA if we have previously
determined ACT and PA, we know the average length
of time for this sequence of events will be ATTA.

At time T1 agent one is connected to the ahswered
call and begins talking, as shown in box 204. The aver-
age time the agent is in active communication is known
as the average agent in-use time (AAIUT). If we assume
that this agent talks the average time, and thus at time
T3, agent one completes the call and goes on-hook.

Certainly, if we wait until time T3 to begin another
call sequence, agent one would sit idle for a period that
would be on average equal to the AATA period. Thus,
for more efficiency, we must predict time T3 from our
statistical base and move backward to time T2 which is
shown with respect to telephone line 1.2 and begin the
new dialing sequence. This new dialing sequence is
performed by a task belonging to each agent called the
call scheduler. As shown, if the calls follow the typed
call sequence and if the statistics are accurate, this
agent’s scheduler will place two no-answer calls 211,
212 followed by answered call 213. Thus, at time T3’
which in the ideal situation would coincide perfectly
with time T3 when agent one is finished talking on line
L1, a connection would be available for agent one to
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begin talking on line L2. This is, of course, ideal and
such perfection is rarely achieved.

Returning now to line L1, the period of time from
time T1 until time T2 is known as the Time to Start
Calling (TSC). This parameter is derived by subtracting
the current ATTA from the AATUT. This time is
shown in box 205, and the process is repeated with a dial
no-answer box 206. This is followed by an early answer
box 207, which causes a problem. The simple solution to
this problem is to put the called person on hold (playing
a mechanical message) until time T7 when agent one is
presumably finished with the conversation on line L2.
This, of course, is not a desirable situation and perhaps
an alternate attendant would come free prior to time T7
at this point in time. An alternative method would be to
disconnect the called party if no agent is available to
take the call. The party could be called at a later date
when an agent is available.

A statistical improvement can be made when more
than one agent is on the system. When an answer occurs
from agent #1’s scheduler, it can be allowed to go to the
first available agent, instead of being constrained to go
to the agent whose scheduler generated the answer. If
this occurs, the scheduler of agent #1 should ignore the
fact that its answer has been taken by some other agent,
and wait for its agent to get an answer from another
agent’s scheduler (possibly the agent who took the call).
When the original agent does get an answer, the sched-
uler does its normal calculations to determine when to
spawn the next calling task. Meanwhile, the scheduler
task of agent #2 who took the original answer should
also calculate its normal schedule time. Since agent #2
is talking on the stolen call, the scheduler should spawn
a new answer task at the normally scheduled time for
that agent, even though there is already one spawned
that has not answered yet.

Certainly, when several attendants are being con-
trolled by a statistical computer, it is not unreasonable
to expect that on a statistical basis, an attendant will
come free prior to time T7 to handle the connection.
Thus, when any agent comes free, even an agent associ-
ated with any other call scheduling routine, the free
agent is assigned to the call that has been on hold the
longest.

By reviewing FIG. 2, it is clear that with respect to
agent one, there are two calls that are being managed
concurrently, one call on line L1 and one call on line
L2. These calls are managed by call tasks 131 and 131A
as shown in FIG. 1.

As shown in FIG. 1, the predictive calling (dialing)
algorithm 100 employed within call control computer
57 allows a system to automatically place calls for live
agents in such a way as to cause a new call to be an-
swered close to the time when the agent finishes talking
on the previous call.

The predictive calling algorithm 100 is described
here as being implemented with five types of concur-
rent tasks. The five types of tasks are:

1) A statistics gathering task 140;

2) A queueing and control task 141;

3) Schedule Task 111, 112, 113;

4) Answer Task 121, 122, 123, 123A; and

5) Call Task 131, 131A, 132, 1324, 133, 1334, 133B,
133C.

There is one statistic-gathering task 140 for each cam-

paign on the system. This task exists to calculate three

important averages in the system:

Average Agent In-Use Time (AAIUT)
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8
Average Time-To-Answer (ATTA)
Average Call Time (ACT)
In small sytems, an individual AATUT parameter is kept
for each agent on the system. This is kept by a win-
dowed average of the last N calls handled by each
agent. Large systems keep a single AAIUT for ali
agents. There is only one ATTA and ACT parameter
for each campaign. The ACT parameter is calculated
by a windowed average of the last N calls handled by
the whole campaign. The ATTA parameter is calcu-
lated from a windowed average of the last N calls han-
dled by the system. Also, the statistics task counts
aborted calls, and other pertinent statistics. These pa-
rameters are used in the schedule task to control the
predictive calling algorithm.

There is only one queueing task 141 for each cam-
paign in the system. The queueing task exists to control
the queue of agents waiting for a call, and the queue of
customers waiting for an agent. (These two queues are
mutually exclusive at any point in time). The queue task
follows the FIFO rule for both queues, so that the agent
that has been idle the longest will get the first answered
call, and the customer that has been on hold the longest
will get the first free agent. The queue task can also set
the time that a call will wait in queue before removing
the call MQTAC).

The last three types of tasks are the schedule task 111,
the answer task 121, and the call task 131. There is one
scheduler task for each agent on the system. Scheduler
tasks can spawn answer tasks, and answer tasks can
spawn call tasks.

The call task is the simplest and lowest level task of
the three-level call-placing task hierarchy. The call task
is always spawned by an answer task, and the call task’s
job is to place one call and stay active until the call is
disconnected.

As soon as the call task is spawned, it seizes a line and
places a single call. If the call is a live answer, the call
task must report two events; the answer and the agent
connect. These must be sent to the statistics-gathering
task and parent answer task as soon as they occur. The
answer status is sent to both the statistics task and the
parent answer task immediately when a live answer
occurs. Similarly, the connect status is sent to both the
statistics task and the parent answer task immediately
when an agent is connected to a call. When the call is
completed and the line released, the call task must al-
ways report a call-end status to the statistics task and
parent answer task. This is true for both answered and
no-answer calls. There are five categories of call-end
status:

Live Answer (agent was connected)

Dropped Call (live answer—agent wasn’t available)
No Answer

Abort (before answer)

Line Fault (no line available time-out)

A specific copy of the call task exists only long
enough to make one call and report the various events
and call-end status to the statistics and parent task.
When the call is completed, that copy of the call task is
destroyed by the parent answer task. The messages to
the statistics task allow the statistics task to calculate
PA and ACT, and from this ATTA can be derived.

The second-level task in the call-placing hierarchy is
the answer task. The answer task’s job is to spawn call
tasks serially until one of the call tasks achieves an an-
swer.
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The answer task is spawned by its parent—the sched-
ule task. Then when an answer finally occurs, the an-
swer task reports that answer outcome to its parent
schedule task, as well as to the statistics task.

A specific copy of the answer task exists only long
enough to achieve one answer and return the answer
result to its parent schedule task. That copy of the an-
swer task is then destroyed by the parent scheduler. The
answer task can persist until the answered call is com-
pleted by the agent, and final call-end answer status is
returned from the call task.

In the basic predictive calling algorithm, the answer
task spawns only one call task at a time serially. The
answer task waits until the first call task is finished and
has returned the end-call status before destroying that
call task. If the end-call status was an answer, the an-
swer task is finished and will be destroyed by its parent.
If the call task returns a no-answer, dropped, or fault
end-call status, the answer task will spawn another call
task. This in effect places calls serially on a single logi-
cal phone line until a call is answered. This type of
answer task procedure is called a *“‘serial” answer task,
and will always result in one and only one, answer.

The scheduler task is the highest-level task in the
predictive calling algorithm. There is one scheduler
task for each agent on the system. This task’s job is to
schedule “answers” for its agent by spawning answer
tasks. The scheduler task gets the AAIUT parameter
for its own agent from the statistics task, and uses this
average to predict when that agent will complete the
current call. The answer task has been structured to
make it easy for the scheduler task to calculate when to
spawn an answer task. Since the statistics task knows
the average time it will take after starting an answer task
for an answer to occur (ATTA statistic), and the aver-
age time that the associated agent will talk (AAIUT
statistic), the scheduler can determine the optimum time
to spawn an answer task so that the next answer for that
agent will occur (statistically) just as the agent com-
pletes the previous call. This optimum time is calculated
with the following equation:

TSC=AAIUT—ATTA

where TSC is the time to start the answer task calling
after the agent was connected to the previous answered
call.

One example of how the scheduler task works was
discussed with respect to FIG. 2 which shows the sim-
ple single-agent case and which assumes that the answer
task’s ATTA is shorter than the agent’s AAIUT. In all
cases, when an agent logs on the system, a schedule task
is spawned for that agent. The schedule task in turn
immediately spawns a single answer task, thus starting
calling on a line such as line L1, and scheduling the first
answer 204 for the new agent at time T1.

Because the in-use time of this agent (AAIUT) is
longer than the time it takes for the answer task to get
an answer, the scheduler task will not need to spawn a
second answer task until sometime after the agent is
connected to the first answered call. Since the scheduler
would like the second answer to occur just when the
agent completes the first call, the scheduler task should
wait until AATUT —ATTA (TSC) seconds (which is
time T1) after the agent goes in-use on the first call, and
then spawn the second answer task. The schedule task
sets a timer called the answer-timer or TSC timer for
AAIUT—ATTA seconds when the agent is connected
to the first call. When the timer expires, the schedule
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task knows to spawn a new answer task. The equation
for setting the answer timer is:
Answer Timer=AAIUT-ATTA
=ATTA, or
Answer Timer=0 if AAIUT <ATTA (spawn immedi-
ately).

if AAIUT>/-

This procedure also directly extends to multiple
agents by simply spawning a new scheduler for each
new agent.

Thus, the system has the capability for concurrently
attempting a plurality of outbound calling connections,
and has the capability of changing the number of con-
currently attempted outbound calls as a function of
ATTA and AAIUT. In addition, the TSC value can be
adjusted using the delay parameter by the system ad-
ministrator to achieve a desired approximate balance of
the system. Thus, one important attribute of the system
is that the system administrator can adjust a single func-
tion to achieve the desired tradeoffs between agent
productivity and hold time. In this manner, by observ-
ing the parameters of the system, such as agent idle time
and called party on-hold time, the administrator can set
the desired approximate balance, and the system will
maintain that approximate balance even though the
number of agents changes, the call answer time
changes, or the agent in-use time changes. When an
answer occurs on a system with multiple agents, and all
agents are busy, the answered call is placed on hold.
The queueing task queues the call, and the first free .
agent will be connected to the call. Other answered
calls are placed on the queue in the order they occur.
The first free agent is always connected to the call that
has been on hold the longest, instead of waiting to con-
nect the call to the specific agent whose scheduler
started the call. Conversely, if several agents are free
when an answer occurs, the agent that has been idle the
longest will be connected to the call. Again, the call
may have been scheduled for a different agent, but the
longest idle agent will get the call.

This concept of call scheduling by individual agent
but connection by a pool of agents, i.e., first available or
longest idle, is one of the keys to this new predictive
calling algorithm’s performance.

An improvement on this basic strategy can be made
in the case when the agent finishes a call much more
quickly than is predicted by the AAIUT parameter.
This condition is seen when the agent completes the
call, and the schedule task is still running the answer
timer, and has not started a new answer task. In this case
the timer should be killed, and a new answer task started
immediately. This mode is called the “fast restart” mode
and should always be used for best performance.

Aslong as AATUT > ATTA, the subtraction method
AAIUT —ATTA works satisfactorily to tell the an-
swer-scheduler task when to spawn an answer task.
However, when AAIUT<ATTA, TSC goes negative.
Since this indicates that calling should have started
before that agent took the current call, the best that can
be done with the algorithm described here is to immedi-
ately start calling. During each agent’s call session, a
scheduler task is assigned to that agent for the duration
of that agent’s session. Each scheduler task has four
conditions that it must recognize to take actions. These
conditions are:

1) When an agent first logs on, the schedule task is
spawned. As soon as the scheduler is initialized, one
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answer task is spawned, and the scheduler places the
agent on the idle agent queue in the queue task.

2) When one of the scheduler’s answer tasks gets an
answer, the call is placed on the answer queue in the
queue task for the agent that has been idle the longest.
The scheduler waits for the answer task to report that
the last call task has completed, and then kills the an-
swer task.

3) When the scheduler’s agent is connected to a call
by the queue task, the scheduler sets the answer timer to
the calculated value and waits.

4) When the scheduler’s answer timer elapses, the
schedule task spawns one answer task.

5) When the agent completes a call, the scheduler
places the agent on the idle agent queue. The scheduler
then checks to see if its answer timer is running. If the
timer is running, it is killed, and a new answer task is
spawned. This is called the “fast restart” function, and is
another key technique in the predictive calling algo-
rithm. A more obvious procedure would be to wait
until the timer expires and then start the answer task,
but this method lowers call efficiency greatly in cases
where agent talk-time has a large variance. If the timer
is not running, and an answer task is in progress, do
nothing. If neither the answer timer or an answer task
are in progress, do nothing.

To summarize the various components of the system:

Statistics Task

Job: Collect and calculate statistics for predictive calling
algorithm. Keep AAIUT for each agent or system.
Keep ATTA and ACT for system.

Knows: When answer tasks starts.
When answer occurs.
When agent is connected.
When call is completed.

Queue Task

Job: Keep an ordered gueue for idle agents and another
for calls on hold. Make match between agent that
has been idle the longest and first answered call.
Make match between call on hold the longest and
first free agent.

Knows: When answer occurs.
When agent enters or leaves system.
When agent goes idle.

Call Task

Job: Make one call and stay in existence until line
disconnects. Report when an answer occurs and
when agent connects are spawned by the answer-
scheduler tasks.

Knows: How to place a call.

When call is answered.
‘When agent is connected.
When call ends.
How to determine call outcome (ans/no ans).
Dies after completing one call.
Answer Task

Job: Trigger call tasks until it gets an answer.
Report result to answer-scheduler spawned by
answer-scheduler task.

How to trigger a call task.

How to interpret call task status reports.
When to trigger subsequent call tasks.

Dies after line is disconnected.

Scheduler Task

Job:

Knows:

To schedule answers for agents to occur when
agents become free. Scheduler task is spawned when
agent logs on system.

Gets ATTA, AAIUT for that agent.

How to calculate time delay before starting

answer task.

How to set delay timer (answer timer).

How to trigger answer task.

When agent is connected to call.

Knows:
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-continued

When agent has completed call.
Dies when agent logs off.

Some of the various functions performed by statisti-
cal task 140, schedule tasks 111, 112, 113, answer tasks
121, 122, 123, 123A, queuing tasks 141 and call tasks
131, 131A, 132, 1324, 133, 1334, 133B, 133C, are illus-
trated in FIGS. 6-10.

Although this description describes the invention
with reference to the above specified embodiments, the
claims and not this description limit the scope of the
invention. Various modifications of the disclosed em-
bodiment, as well as alternative embodiments of the
invention, will become apparent to persons skilled in the
art upon reference to the above description. Therefore,
the appended claims will cover such modifications that
fail within the true scope of the invention.

What is claimed is:

1. A call pacing system for controlling outbound
calling connections for handling by one or more atten-
dants, said system comprising:

a computer for monitoring statistical parameters con-
cerning call completion times and each one of said
attendant’s availability,

said computer incorporating with said statistical pa-
rameters a delay parameter depending upon a de-
sired approximate balance between idle attendants
and an amount of non-communication holding time
a completed call connection is to be subject to,

said computer adjusting timing of attempted out-
bound calling connections depending upon each
one of said attendant’s availability and said call
completion parameters and said delay parameter;
and

a telephone switch coupled to said computer and to a
call placement circuit, said telephone switch
adapted for connection to telephone trunks, said
computer, telephone switch and call placement
circuit automatically attempting outbound call
. placement over said trunks.

2. The system set forth in claim 1 wherein said at-
tempted outbound calling connections are made based
on the probable availability of particular attendants and

wherein said computer further determines actual
busy-idle status of each one of said attendants, said
system further including: '

an agent telephone coupled to said telephone switch,

wherein said computer and said telephone switch
complete an attempted call with said agent tele-
phone associated with a first available idle atten-
dant without regard to the actual attendant for
whom said attempted call was initiated.

3. The system set forth in claim 1 wherein said

computer calculates an average time to an answer

and makes a determination of an average attendant
in-use time.

4. The system set forth in claim 3 wherein said deter-
mination of average attendant in-use time is made sepa-
rately for each attendant.

5. The system set forth in claim 4 and wherein said

computer calculates a time to start calling for each
individual attendant based upon a calculated differ-
ence between said average attendant in-use time
and said average time to an answer

and said computer adjusts said time to start calling in
accordance with said delay parameter.
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6. The system set forth in claim 5 wherein said

computer calculates a probability of answer over a

time period

and calculates an average calling time over said time

period.

7. The system set forth in claim 6 wherein said com-
puter divides said average cailing time by said probabil-
ity of answer.

8. The system set forth in claim 7 wherein said com-
puter performs said calculations on a call-by-call basis.

9. The system set forth in claim 1 wherein said com-
puter monitors said statistical parameters individually
for each one of said attendants, and wherein said com-
puter, said telephone switch and said call placement
circuit establish calls on an attendant by attendant basis
depending upon said monitored statistical parameters
for each one of said attendants.

10. The system set forth in claim 9 further compris-
ing:

an attendants call completions queue,

. and wherein said computer assigns said call comple-
tions to said queue regardless of which attendant
said calls were established for.

11. The system set forth in claim 10 wherein idle
attendants are connected to a next available established
call from said attendants call completions queue.

12. The system set forth in claim 1, wherein said
computer, said telephone switch and said call placement
circuit concurrently attempt a plurality of said out-
bound calling connections, and wherein said computer
changes a number of said concurrently attempted out-
bound calls.

13. The system set forth in claim 1 wherein said com-
puter controls:

placement of calling connections,

answers to said calling connections, and

answered connections to each one of said attendants

in a hierarchical arrangement.

14. A method for controlling outbound calling con-
nections for handling by one or more attendants, said
method comprising:

monitoring statistical parameters concerning call

completion times and each one of said attendants’
availability;
incorporating with said statistical parameters a re-
ceived delay parameter depending upon a desired
approximate balance between idle attendants and
an amount of non-communication holding time a
completed call connection is to be subject to;

automatically attempting outbound call placement;
and

adjusting under control of said monitoring step tim-

ing of attempted outbound calling connections
depending upon each one of said attendants’ avail-
ability and said call completion parameters and said
delay parameter.

15. The method set forth in claim 14 wherein said
attempted outbound calling connections are made based
on the probable availability of particular attendants and
further including the steps of:

determining actual busy-idle status of each one of said

attendants; and

completing an attempted call with a first available

idle attendant without regard to the actual atten-
dant for which said attempted call was initiated.

16. The method set forth in claim 14 wherein said
statistical parameters monitoring step includes:

calculation of an average time to an answer; and
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determination of an average attendant in-use time.
17. The method set forth in claim 16 wherein said
determination of average attendant in-use time is made
separately for each attendant.
18. The method set forth in claim 17 and wherein said
incorporating step includes the steps of:
calculating a time to begin a call based upon a calcu-
lated difference between said average attendant
in-use time and said average time to an answer; and

adjusting said time to begin a call in accordance with
said delay parameter.

19. The method set forth in claim 18 wherein said
average time to an answer calculation step includes the
steps of:

calculating a probability of answer over a time per-

iod; and

calculating an average calling time over said time

period.

" 20. The method as set forth in claim 19 wherein said
average time to an answer calculation step further in-
cludes the step of:

dividing said calculated average calling time by said

calculated probability of answer.

21. The method set forth in claim 20 further compris-
ing the step of:

performing said calculations on a call-by-call basis.

22. The method set forth in claim 14 further compris-
ing the steps of:

monitoring said statistical parameters individually for

each one of said attendants; and

establishing calls on an attendant by attendant basis

depending upon said monitored statistical parame-
ters for each one of said attendants.

23. The method set forth in claim 22 further compris-
ing an attendant call completions queue and the step of:

assigning said call completions to said queue regard-

less of which attendant said calls were established
for.

24. The method set forth in claim 23 wherein an idle
attendant is connected to 2 next available established
call from said call completions queue.

25. A processor controlled system for controlling call
placement in an agent system where said agent system
has multiple agents handling calls to multiple called
parties all under processor control and where there can
be several call completion attempts before a called
party answers a called connection, the processor con-
trolled system comprising:

a computer for running a statistical task, said statisti-

cal task:

determining an average agent in-use time which in-

cludes any time an agent is not available to commu-
nicate with a called party;

determining an average time it takes for an answer to

occur on a series of outbound placed calling con-
nections;

running a queuing task for maintaining an ordered

queue of idle agents and an ordered queue of an-
swered calls not actively communicating (on hold)
with an agent;
running one or more call tasks assigned to each agent
for initiating individual calls under control of num-
bers to be called as furnished by said processor; and

running one or more answer tasks operable for start-
ing and stopping said call tasks for a particular
agent; and

a call placement circuit for reporting to said proces-

sor and to said statistical and queuing tasks when an






