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Inventlon This invention relates to tel emarketing conpl ex performance
managenent systens and nore particularly to tel emarketing conpl ex
performance managenent systens wherein threshold levels are set in order
determ ne when to reroute traffic so as tp bal ance service |evels anong

automati c cal
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In a tel emarketi ng conpl ex performance nanagenent

Field of the Invention

This invention relates to telemarketing complex
performance management systems and more particularly to
telemarketing complex performance management systems wherein
threshold levels are set in order to determine when to
reroute traffic so as to balance service levels among
automatic call distributors or to implement changes in the
staffing force at selected traffic centers where calls are

received.

Description of Related Art

. In a telemarketing complex performance management
system (TCPMS), the telemarketing complex is managed by a
‘'system that compiles and processes data obtained from
customer premises-based information sources as well as
public switched telecommunications network-based information
sources, such that service levels can be balanced among
telecommunications centers (TCs) in the complex. Typically,
the telemarketing complex is comprised of a plurality of
automatic call distributors (ACDs) and a plurality of data
centers that may be selectively linked to the TCs where the
telemarketer feceives calls. The system typically includes
the following elements: (1) an interface to the network that
reports the origin and destination of each of a plurality of
calls received by the telemarketer at all locations; (2) an
interface to the network that enables the telemarketer to
affect changes in call processing logic; and (3) a traffic
control center processor (TCCP) that accepts input data from
all other elements of the system. The system accumulates
data at the TCCP from each ACD and telemarketer database
located at a data center (DC), while contemporaneously
monitoring both ‘the origins and destinations of the
plurality of calls récelvealét gacg ACD, as ﬁ%}%‘as the
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systén1(TCPNB), the tel emarketing conplex is managed by a-systemt hat
conpi | es and processes data obtai ned from custoner prem ses-based
informati on sources as well as public switched tel ecommuni cations

net wor k- based i nformati on sources, such that service |evels can be bal anced
anong tel ecommuni cations centers (TCs) iB the conplex. Typically, the

tel emarketing conplex is conprised of a plurality of automatic cal

di st ri but or énisdBd)ican e fachamgalsi tin chldapaocensiéng LbgicnayThe sekeeni vely
linked to t tele LYES I Th st em
typically i%?FE,egﬁf%g%fggﬁgMFh ggﬁéﬁégés%féﬁéygnf§%t%@?%%%g?gy?ﬁecﬁé%mork
t hat report ¥oukdngr CHanzasd §h$i9 drlemamdeniice pleveal s tamatig cehés

recei ved byathe bel enahkekein adh&!dedaGad #drcd FbvR1s at selected TCs

5 where calls are received. The process is accomplished in
real time and is repeated at a desired frequency. _

- In U.S. Patent 5,164,983 issued No. 17, 1992 to P.

B. Brown et al., a telemarketing complex performance

management system (TCPMS) is described wherein the

10 telemarketing customer is required to select a performance

objective which is desired to be satisfied over a selected

service interval. In the Brown et al. system, the

performance objective is the average speed of answer (ASA)

by the staff at a given ACD which is servicing an operation

15 being performed by the telemarketing complex. A reactive

process within the system determines the probability of

meeting the performance objective ( P, ) at that ACD for

each subinterval within a service interval. This

probability is then compared in the reactive process to two

20 threshold levels, T,, and T, both of which are also

selected by the telemarketing customer. If the probability,

P, is less than or equal to T,,, an alarm condition is

generated which suggests shifting calls away from the ACD

under consideration in order to increase the probability of

25 meeting the perforﬁance objective during the service

interval. On the other hand, if the probability, P,, is

greater than or equal to T,, an accept condition exists

which indicates that the ACD under consideration is lightly

loaded and is capable of accepting traffic from other ACDs

30 within the system. Of course, if the probability is between

the two threshold levels, no alarm or accept condition is

present and the reactive process does not suggest any

alteration in the traffic routing patterns.
In the Brown et al. TCPMS system, the
35 telemarketing custqﬁep-can set a different value for the T,

N -
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intérface to the network that enables the tel emarketer to-affect changes in
tall processing logic; and (3) a traffic control center processor (TCCP)
t-hat accepts input data fromall other elenments of the system The system
accunul ates data at the TCCP from each ACD and tel emar ket er database

| ocated at a data center (DC), while coRrtenporaneously nonitoring both
the origins and destinations of the plurality of calls received at .

each ACD as a%ﬁ p A%hreshold levels Eor JEdH 32 lBintedvialld 2EhR fhe

changes in call processing |ogic. e system
- service interval at the end of which, he would like to

achieve the selected value of the performance objective.
Through trial and error, the customer can arrive at sets of

S threshold values that will achieve the desired switching of
traffic throughout the many variations that occur in the
incoming traffic due to seasonal, daily and monthly éhanges
in the calling customers of the telemarketer.

Summary of the Invention

10 ' An improved telemarketing complex performance
management system is achieved in accordance with the present
invention wherein the threshold levels which are used to
determine whether calls should be shifted from or accepted
by a given automatic call distributor are automatically set

15 in accordance with the telemarketer’'s selection as to what
percentage of false alarms or false accepts he or she is
willing to accept. Specifically, the calculated value for
the probability of successfully achieving the performance
objective, P,, is saved for each of the subintervals within

20 the service interval. At the end of the service interval,
an indication of success or failure in achieving the
performance objective is entered in a memory table of

- probabilities for each of the subintervals within the
service interval. Each subinterval has its own memory table

25 and the indication of either success or failure is entered
into that table within a range of probabilities that
includes the probability of success calculated for that
subinterval. The historical record of successes and
failures is maintained in each subinterval table for a

30 predetermined number of previous intervals. Using the table
for a subinterval, a calculation is then made for T,, based
on the percentage of false alarms that the telemarketer is
willing to accept. An alarm is generated when the system
calculates that calls must be shifted away from an ACD

Sheet Has Been Reﬁaced

O



anal'yzes the data to generate signals for inplementing call routing changes
heeded to bal ance service |evels anong the ACDs or changes in the staffing
force levels at selected TCs where calls are received. The process is
acconplished in real tinme and is repeated at a desired frequency. In U S.
Patent 5, 164,983 issued No.17, 1992 to P4 B. Brown et al., a telemarketing
conpl ex performance managenent system (TCPMS) is described wherein the

tel emar ket i pherticnercths agemts edervisthgcthatpacdoramnaoob] tkelye tehi ch

> Jesired 4 he Bl palieBdngEr BoSelerted o tay TLeLkibu ac il dle

Br own nance Objective i's' the average speed of
answer (ASAﬂkbyl$hél§Damﬁdﬁ uﬁxpgm#h¢(13hh6cﬁ0msGhﬁwﬁamﬁgsahluperuaﬂon

based on the percentage of false signals to accept that the
5 telemarketer is willing to accept. A signal to accept is
generated when the system calculates that an ACD is able to
accept calls and that the agents at that ACD will still be
able to meet the performance objective.

Calculation of the call load rate, which must be
10 required during any given subinterval in order to achieve
the performance objective such as the desired ASA, requires
a figure for the number of queueing positions which will be
available. It is an aspect of the present invention that an
average line-estimation factor is calculated during each
15 service interval. This line-estimation factor when
multiplied by the number of agents gives an estimate of the
number of lines which are being used by the application
under consideration. This line-estimation .factor is
advantageously calculated in accordance with the present
20 invention by minimizing the mean squared error between the
estimated call load as determined by the line-estimation
factor and the actual call load which has been experienced

in a predetermined number of subintervals in the past.

Brief Description of the Drawing
25 Figs 1, 2, and 3 when connected as indicated in

the figures provides a flow chart of a process constructed
in accordance with the present invention;
Fig. 4 provides a flow chart of the process used
to determine the line-estimation factor; and
30 Fig. 5 is a tabular histogram of the successes and
failures during a single subinterval which is useful in

explaining the present invention.

Detailed Description of the Preferred Embodiment
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bei ng perfornmed by the tel emarketing conplex. A reactive process within the
‘system determines the probability of neeting the performance objective (
[err] ) at that ACD for each subinterval wthin a service interval
This probability is then conpared in the reactive process to tw threshold
| evels, [err] and [err], both of whichegare also selected by the

tel emarketing custonmer. |If the probability, [err] is |ess than or equal to

[err], an al arm condi tspi\-&§ geRELAL %ﬂg{%'tcfs IROIREE S ﬁgé&éan&o%hébazamy

fron1the ACD under consideration 1n or to increase t gro ability of
neeting t he Yer fiA¥ark BbjRctBr"Ruet iyl t hEcservTeteparketang Compliss

-other hand, pdrfidiendticdabiahapbmeh®r r$ysceli’ 63 ChetfBf GmEirdtted eby]
accept Condltlé”}égggt As pointed out in the Brown et al. patent, the
5 Telemarketer Complex 101 of Fig. 1 consists of a plurality
of telecommunications centers (TCs) which may be located in
different geographical areas. Typically, each TC includes
at least one automatic call distributor (ACD) and one ox
more "splits/gates® which receive information from the
10 associated ACD at the TC. "Split" or "géte" refers to the
group of attendant stations (sometimes called agent
terminals) each of which comprises an input/output terminal
and/or other display means which allow an attendant at the
TC to process selected calls received by the ACD. Each of
15 the TCs 1is associated with a data center (DC) which
typically includes a database containing customer profiles
and other information needed to service incoming calls.
In order to manage and control telemarketing
complex 101 and to pernit the efficient handling of data
20 therein, telemarketing complex 101 couples data to a data
acquisition and control (DAC) module 102 shown in figure 1.
DAC module 102 is also provided with data from an
interchange carrier (IXC) network 103. A very thorough
description of the data collected by DAC module 102 is shown
25 in figure 3 of the Brown et al. patent and described in
those parts of the patent relating to that £figure. In
brief, the data relates to ACD performance at each of the
TCs and to the telemarketer Configuration. This data is all
stored in memory as indicated by the 1live data and
30 configuration information storage block 104 in figure 1.
This block 104 corresponds directly to thé blocks 400 and
410 in Fig. 4 of the Brown et al. patent.
. The stored live data and configuration information
is available to ‘a module 105 in Fig. 1 wherein the actual

35 call load is monitored and an, estimate is made of the
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whi ch indicates that the ACD under consideration is lightly loaded and is
capable of accepting traffic fromother ACDs within the system O course,
if the probability is between the two threshold | evels, no alarm or accept
condition is present and the reactive process does not suggest any
alteration in the traffic routing patterns. In the Brown et al. TCPNMVS
system the tel emarketing custoner can Set a different value for the

[err] [err] A8dHed®9%811 10ad which is necessary to meet the objective
over the current service interval. Using queueing theory,
an equation for the average speed of answer (ASA) can be
written in terms of the average staffing level for the

5 current service interval (n), the average rate of service
(L), the call load rate (A), and the number of queueing
positions (N). See page 104 of the text entitled "Queueing
Theory in OR", by E. Page, published 1972 by Crane Russek &
Company, Inc. " The number of queueing positions, N, can be

10 estimated by using the following equation:
N = (T-1) * n
where T is the line-estimation factor, and n is the average
staffing level. By using the queueing relationship for the
ASA and knowing the required ASA to meet the performance
15 objective, the call load rate which is necessary to meet the
service objective (Areq) can be derived. This call load rate
can then be used to derive the number of calls, R, that
should be offered over the remainder of the service interval
if trie performance objective is to be met with acceptable
20 certainty by using the following relationship:
Areq = (NCO, - NCA, + R)/ (t + T)
where NCO, is the number of calls offered up to the current
subinterval which has an elapsed time of t since the
beginning of the service interval, NCA, is the number of
25 calls abandoned up to the ci.xrrent subinterval, and T is the
remaining time in the service interval.
Given the prior distribution of the call load rate
for the application at a TC and the number of calls required
(R} for the remainder of the service interval (1), a
30 predictive distribution is built for the number of calls
that will'arrive during the remainder of the interval based
on the assumption that the calls arrive according to a
Poisson Process. The predictive distribution, which is a
negative binomial, is then used fo calculate the probability
35 of receiving, at most, R calls in module 106 of Fig. 1. See
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3 and [err] threshold |evels for each the subintervals within the service
|nterval at the end of which, he would like to achieve the sel ected val ue
of the performance objective. Through trial and error, the custonmer can
arrive at sets of threshold val ues that mnll achi eve the desired swi t chi ng

of traffic throughout the many variations?that occur in the incom ng
changes in the calling cystaoners

traffic due t | d. .npnt hl
of "t he.t o] e 20 Gy 7By BPA 178 TREnEREN CRFG IHIRR LI PERRLRELEAG
conpl ex perf@e@mrr@]wnt 18y H £IRd Bf £ At eRl, | ScRtadfdancpubiliBhiede

present '”Veﬂbsi”b§hﬁl$ls1BHeo£rHé?%E%éh' é%&é%ﬁ”ﬁﬂéfﬂé%é“ﬂﬁioéi This
probability of receiving, at most, R calls is equal to the
S probability of meeting the performance objective given the

current ASA.

The probability of meeting the performance
objective obtained from module 106 is then compared in
module 107 to alarm and accept thresholds, T,, and T,

10 respectively. If P, calculated in module 106 is less than
or egual ‘to threshold Ty, module 107 generates an alarm
condition which in turn causes a module 108 to determine the
number of calls that should be shifted away from the ACD
under consideration in order to achieve the performance

15 objective during the service interval. Similarly, if P, is
equal to or greater than threshold T,;, module 107 generates
an accept condition which in turn causes a module 109 to
determine the number of calls which can be accepted from
other ACDs.

20 The modules which have been described thus far are
identical in function to those which are described in the
above-identified Brown et al. patent. In the embodiment of
the invention which was constructed, the service interval
was chosen to be 30 minutes and the subintervals were each

25 equal to 3 minutes. Having a subinterval as long as 3
minutes was found to smooth momentary fluctuations in the
value of P, which would be present in subintervals as short
as 40 seconds. Accordingly, in the Brown et al. patent,
alarming and accepting thresholds had to be pre-defined and

30 chosen for each three minute subinterval by the
telemarketing customer. In accordance with the present
invention, the aiarming and accepting threshold levels, T,,
and T,,, are calculated by the modules to be described
hereinafter in accordance with the telemarketing customer’s

35 selection as to how many false alarms and false accept
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det erni ne whether calls should be shifted from or accepted by a given
automatic call distributor are automatically set in accordance with the
tel emarketer's selection as to what percentage of false alarnms or fal se
accepts he or she is willing to accept. Specifically, the cal cul ated val ue
for the probability of successfully achi e ng the perfornance objective,
[err], is saved for each of the subintervals within the service interval

At the end ofs%ﬂ%aiﬁrGPEE hatervahe af vhdiéngi bA bpleyatess or failure in

achi eving the perfor manaéteb)@stemeining i admberdoFEERLYst €8 shdft, if
probabilities_for eac f the.subkgterv S W hlnlﬁhe service interval .

Each subi nt er¥& ' h8% FEESHMAHBEOFYSt BBFRSENALt AR AdFPaRFERPS it Y-

success or fatherprosesstpredeeds into module 201 of Fig. 2 wherein the

5 line-estimation factor is determined. In the prior art

system, this factor was chosen through the study of

historical data to have a value of about 1.45. It is an

aspect of the present invention that this factor is tweaked

during each of the subintervals through a process to be

10 described more fully hereinafter in connection with Fig. 4.

After determining the line-estimation factor, the

process proceeds into the decision module 202 which

determines whether the current subinterval is less than the

last subinterval of the service interval. If the answer is

‘15 yes, that is, that the process is not working with the last

subinterval, the process proceeds into module 203 wherein

the value of P, for the subinterval is saved, and the

process continues to the alter process 302 of Fig. 3 which

is identical to the alter process described in connection

20 with Fig.-6 of the above-identified Brown et al. patent. In

brief, the alter process determines which changes in call

processing logic that govern the distribution of call load

among the ACDs and/or changes in work force staffing levels

at TCs are to be implemented. As in the Brown et al.

25 patent, all change recommendations generated by the alter

process are transferred as inputs to an external system

interface module 303 in Fig. 3 which provides a display at

a telemarketer complex manager’s workstation. As in the

Brown et al. patent, the external system interface module

30 303 can also provide outputs to the IXC Interface 103 and/or
to a workforce staffing forecaster, as required.

When the last subinterval is detected by decision

module 202 in Fig. 2, the process proceeds into module 204

wherein it is first determined whether the telemarketing

35 complex has been successful in achieving the performance
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|nto that table within a range of probabilities that includes the
probability of success cal cul ated for that subinterval. The historical
record of successes and failures is maintained in each subinterval table
for a predeterm ned nunber of previous intervals. Using the table for a
subinterval, a calculation is then made f& [err] based on the percentage

of false alarns that the telemarketer is wlling to accept. An alarmis

gener at ed whePIeREINR efhakl dfi-at'ERethrer eF no Eltlebémxafqeedsam«} ofr om

an ACD REPLAGENMwEr t£$A) for the service interval is equal to or less
than the performance objective. An indication of that

success or failure is then placed within a memory table for
5 each of the subintervals at a position in the table .that
corresponds to the value of P; obtained during that
subinterval. A histogram presentation of such a table is
given in Fig. 5. The table shown in Fig. 5 is for the 3
minute subinterval of 360 to 540 seconds from the beginning

10 of the service interval. Similar tables could be presented
for each of the subintervals. Each digit "1" within the
columns under the headings of "success" and "failure"
represent one instance where the P, for that subinterval had
a probability within the range of probabilities shown for

15 the row containing the digit. In the actual process, each
digit "1" was also caused to have an indication as to its
date of origination thereby permitting the module 301 to
periodically cleanse the memory of any storage of
information older than one week.

20 | The process then proceeds into module 205 in order
to calculate the value of T,, based on the information stored
by module 204. As shown in the histogram of Fig. 5, there
were six (6) 1instances for the subinterval under
consideration when the value of P, was less than 20% but the

25 system nevertheless resulted in successfully meeting'thé
performance objective. Since there were a total number of
twenty (20) instances when the value of P, was below 20%,
the probability of generating a false alarm is equal to
(6/20=) 30%. Accordingly, if the customer has requested

30 that the probability of generating a false alarm be no
greater than 30%, the threshold level, T,,, can be set at
20%. Similar computations can be done in module 205 in
order to determine the specific threshold level that can
satisfy a different customer requirement for the probability

35 of generating false alarms.

This Sheet Has Been Re laced

L




4 otherw se the agents servicing that ACD are not likely to neet the
performance objective. Similarly, a calculation of [err] is also made using
the table for the same subinterval based on the percentage of false signals
to accept that the telemarketer is vviIIing to accept. A signal to accept is
generated when the system cal cul ates that gm ACD is able to accept calls

and that the agents at 'I be .abl o] t per f n
obj ective. Cal cul ation %$g§%e ca oad aFg dﬁh#ﬁﬁg g&S%g andﬁgegkg%?lng
any given subincalcmlate @J@ewaﬁ.uea@ﬁl'h,yebad:edgm fdverdmdo g teicin ek omesh as

the desired ARAmMISGL 8642 FAQULESEOLHLRA NS e Of i SHEYRARAYROF: ORS,

which will be )
there were three (3) instances for the subinterval under

5 consideration when the value of P, was greater than 70% but
the system nevertheless failed to achieve the performance
objective. Since there were a total of nineteen (19)
instances greater than 70%, the probability of generating a
false alarm is equal to (3/19=) 15.8%. Therefore if the

10 customer has requested that the probability of generating a
false accept be no greater than say 16%, module 206 will set
the accept threshold level, T,;, at 70%. Here again, module
206 can do similar computations to determine a different
value of T,; in order to meet a different wvalue for the

15 probability of generating a false accept.

The process then proceeds into module 301 of Fig.
3 wherein the values of T,, and T,; which were determined in
modules 205 and 206 are saved. As a result, the new values
can be used by module 107 in Fig. 1 during the next service

20 interval, and the threshold values of T,, and T, are
constantly reevaluated by the process and updated by
changing conditions in order to meet the customers selected
probabilities of generating a false alarm and a false
accept.

25 Finally, the process proceeds from module 301 into
the alter process 302 and continues in the manner described
in the above-identified Brown et al. patent.

An expansion of the module 201 which determines
the line-estimation factor is given in Fig. 4. The initial

30 values for the line-estimation factor, T, and a parameter k
are retrieved from memory in module 401 of Fig. 4. At the
beginning of the process, T is set to a value of 1.45 and
the parameter k is set each time that the module 401 begins
to a value of 1.00. The process then computes, in module

35 402, for all historical record§ relating to the current
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avai lable. It is an aspect of the present invention that an average
Tine-estimation factor is calculated during each service interval. Thi s
line-estimation factor when nultiplied by the number of agents gives an
estimate of the nunber of |ines which are being used by the application
under consi deration. This line-estiddtion factor is advantageously

cal culated |1 gocgrtanse WD Ahe BSsenl Loventlon by ML < g (e gean
| ine-estimat aad thet@stﬁndtéa&:m QaladcBhkebioen mmﬁasmheﬁaneﬁactogsced
o2 oPredet bl Aede gl 0k BUOHLCLKaL3 LR BeSkooflel b RSAEILPALST O
of Flg 4 wherein a mean squared error is computed for the
5 differences that were obtained using each of the line-
estimation factors of T, T+k, and T-k. As a result, three
separate mean squared errors are produced for the
subinterval, one for each of the line-estimation factors
being considered.

10 Module 404 then considers whether values of (T+k)
or (T-k) for the line-estimation factor have produced a
lower mean squared error than the value of T. If they have,
the process moves into decision module 407, and the value of
k is either subtracted from T in module 408 or added to T in

15 module 409 (whichever produces the lower mean sqguared
error), and the process returns to the module 402. In this
way the value of the line-estimation factor is moved towards
a value whlch is llkely to achieve a lower mean squared
error in a new calculation of the differences. If on the.

20 other hand, the lowest mean squared error was produced in
module 403 by the current value of T, decision module 404
moves the process into module 405 wherein the value of k is
halved. If the new value of k is not less than .000007629,
the decision module 406 returns the process to the

25 calculation module 402 with a reduced value of k. This
reiterative process of calculating the mean squared errors
is stopped when the value of k is less than the amount
indicated in module 406, the process then moves into module
412 where the value of T for the current subinterval is

30 stored in memory.

Finally, an average value of T is calculated in
module 410 using the values of T for each subinterval of the
service interval. The average value of T is then stored in
memory by module 411, and the process relating to module 201

35 of Fig. 2 is stopped.
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t he flgures provides a flow chart of a process constructed in accordance
Wi th the present invention; Fig. 4 provides a flow chart of the process
used to determne the line-estimation factor; and Fig. 5 is a tabular

hi st ogram of the successes and failures dﬁi ng a single subinterval which
I's useful in explaining the present inventTon. REPLACEMENT SHEET Det ai | ed

Description of the Prefgifieq HMOL Milccribed hereinabok® ik Ik Ly 1396
illustrative enibodiment of the present invention. Numerous
departures may be made by those skilled in the art without
departing £from the scope of the present

5 invention. For example, the sequence of determining the
threshold levels of T,, and T,; can obviously be interchanged
without modifying the effectiveness of the process. In
addition, the invention could be used to optimize system
performance with respect to criteria other than the ASA. It

10 should also be obvious to those skilled in the art that -
range of probability values used in the histogram of Fig. 5
could be larger or smaller than the 5% range used in the
above-described embodiment.
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5 United States Patent 5, 164,983, issued Novenber 17, 1992 to P. B. Brown
‘et al. for a Tel emarketing Conpl ex Perfornmance Managenent Systen1is her eby
i ncorporated by reference. As pointed out in the Browr et—al—patent;—the
Tel emar ket er Conpl ex 101 of Fig. 1 consists of a plur

t el econmuni cati ons centers (TCs) which med3be Iocate Mﬂﬁmmm Mll
geogr aphical areas. Typically, each TC I ncl udes at

cal | distrib&l®iMEXCD) and one or nore "splits/gates” which receive
information from tihe asspcd adPehe M EGE hd€ading” BPtblemaikeddhg” coipdlek t O

the group of attendant statio sonetime cal ed agent term nals) each of
whi ch conpri S+ ngidt ?(nﬁﬁéh é%ﬁh?%ajo 19V1gg a “predetermine

performance objective at the end of a service interval by an

5 automatic call distributor within the telemarketer complex
is calculated for each subinterval of a service interval,
and the managing system includes means for comparing the
calculated probability to a threshold level for shifting
calls and a threshold level for acdepting calls, the

10 combination comprising means for keeping a record of
successes and failures in achieving the performance
objective for each of the subintervals within the serxrvice
interval, and means responsive to said record keeping means
for generating said threshold level for shifting calls and

15 said threshold level for accepting calls for each of the
subintervals within said service interval.

2. The combination as defined in claim 1 wherein the

means responsive to said record keeping means includes both

a means for generating said threshold level for shifting

20 calls based on a preselected probability of generating a

false alarm to shift, and a means for generating said

threshold level for accepting calls based on a preselected
probability of generating a false signal to accept.

3. A systém for managing a telemarketing complex

25 which includes a piurality of automatic call distributors
(ACDs) for receiving calls placed to said telemarketing
complex, said managihg system coniprising means for acquiring

and storing data from said ACDs, means responsive to said
acquiring and storing means for calculating a probability of

30 achieving a performance objective at the end of a service
interval for each one of said ACDs in said telemarketing
complex, means for generating during each subinter_val_wit__hin

said service interval an alarm condition if the calculated
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and/ of other display means which allow an attendant at_the TC to _process
selected calls received by the ACD. Each of the TCs is associated with a

data center (DC) which typically includes a database co [
profiles and other information needed to gervice inconi qmllmmlmwmmf
to manage and control tel emarketing conpl £ 101 and to per m¢ therersi o ent
ncqui 1 Ui on SORREL SV (LRCHRBAbREn 15 SHERY FA A GAFBSEOLEAG SHStu o 502
is al so proviskifning dalasframd amiateepbacgndiaiorerif | ¥ee rellwulatds.
A very thorousliases) 8 90 SEeblerCthazC gl hesh B A IBILE1 00 4
for accepting calls, means responsive to said generating
5 means for determining the number of calls to shift from said
each one of said ACDs, means responsive to said generating
means for determining the number of calls to accept at said
each one of said ACDs, means responsive to the number of
calls to shift and the number of calls to accept for |
10 determining changes in the distribution of call load among
said ACDs, and means for displaying the changes in the
distribution of call load among said ACDs, characterized in
that the means for determining changes includes means for
keeping a record of the calculated probability for each said
15 subinterval and whether the system has succeeded or failed
in achieving the performance objective within the sexrvice
interval, and means responsive to said record keeping means
for generating said threshold level for shifting calls and
said threshold level for accepting calls for said each -
20 subinterval.

4. A system for managing a telemarketing complex as
defined in claim 3 wherein said means responsive to said
record keeping means includes both a means for generating
said threshold level for shifting calls based on a

25 preselected probability of generating a false alarm to
shift, and a means for genei:‘ating said threshold level for
accepting calls based on a preselected probability of
generating a false signal to accept.

5. A system for managing a telemarketing complex as
30 defined in claim 3 wherein said means for determining
changes further includes a means for generating a line

estimation factor.

This Sheet Has Been Reilaced




thoée‘parts of the patent relating to that figure. L the data
relates to ACD perfornmance at each of the TCs and to the tel emarketer

configuration. This data is all stored in nenory as ummmnmﬂ”m? he
live data and configuration information storage bl ockH H' :

This bl ock 104 corresponds directly to théSbl ocks 400 and 210 i Ffg.*4 of

the Brown et al. patent. The stored_|ive data and configuration informtion
is available to a fodul & $¥SteR &5 fefingrd in rlaien & vbareds saishmeans

moni tored andfen, g&rsétai gy 6 1iRde est b e i BEPEACENENInSHEEds [£dans for
calculating a difference between an actual call load and an

estimated call load during said each subinterval, and means

5 for calculating the mean squared error for said difference

over a predetermined number of historical periods of said

each subinterval.

7. A method for managing a telemarketing complex

having automatic call distributors and means for collecting

10 data with respect to said automatic call distributors during

each subinterval of a service iﬁterval, said method

comprising the steps of determining the probability during
each subinterval of having each one of said automatic call -

distributors achieve a predetermined performance objectiwve

15 at the end of said service interval, comparing said

probability to a threshold level for shifting calls and to

a threshold level for accepting calls, determining the

number of calls to shift and the number of calls to accept.

based on said comparison to said threshold levels, storing

20 a record of a- success or failure in achieving said

performance objective along with the associated probability

for each of the subintervals within said service interval,

and calculating said threshold for shifting calls and said

threshold. for accepting calls for each of said subintervals

25 based on said record of success or failure.

8. A method of managing a telemarketing system as

defined in claim 7 wherein the method further includes a
step of determining a line-estimation factor for each one of
said automatic call distributors which can be used to

30 estimate the call load at said each one of said automatic

call distributors.
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REPLACEMENT SHEET required call |oad which is necessary to neet the

obj ective over the current service interval. Using queueing theory, an
equation for the average speed of answer (ASA) can be witten in terns of
t he average staffing level for the current service interval (n), the
average rate of service [err], the call 188d rate ([err]), and the nunber
of queueing pasitions (N). See page 104 of the text entitled "Queuei ng
Theory in ORARSEXACEPpage published 1972 by Crane Russek & Conmpany, |nc.

The nunber of queuei ng Rosyste@nsfol meaaghagest takbRdrRELEISgNG oA ex is
fol I ow ng eq%fgééigsed wherein the probability of meeting a given
performance objective by the agents servicing an automatic

5 call distributor (ACD) within the complex is computed for
each subinterval of a predetermined service interval. This
probability is then compared with threshold levels in order

to determine whether the ACD reqﬁires that calls be shifted

to meet the performance objective or whether calls can be

10 accepted by that ACD. A record is maintained for each
subinterval of the probabilities computed for that
subinterval and as to whether the system succeeded or failed

in achieving the performance objective at the end of the
service interval. This record is used to compute the

15 threshold levels used in future comparisons. In addition,
the system computes a line-estimation factor which when
multiplied by the number of agents working can be used to

estimate the call load for an ACD.

This Sheet Has Been Replaced
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N=/T-1) * nwhere Tis the line-estimtion factor, and n’is the average
Staffing level. By using the queueing relationship for t he ASA and know ng
t he required ASA to neet the perfornance objective, the call load rate
which is necessary to neet the service Obj /y ve ([err]) can be derived.
This call load rate can then be used to der? t he nunber of calls, R that
shoul d be offered over the remai.nder of the service interval if the
performance objective is to be net with acceptable certainty by using the
following relationship: [err] = [err] - [err] + R/ (t + [err]) where
[err] is the nunber of calls offered up to the current subinterval which
has an el apsed tinme of t since the

FIG. 1

(101
TELEMARKETER COMPLEX

103 1 102
| DATA ACQUISITION AND

v 104

LIVE DATA AND
CONFIGURATION INFO

1 (105

MONITOR ACTUAL CALL LOAD &
ESTIMATE REQUIRED CALL LOAD
T0 MEET OBJECTIVE OVER
CURRENT SERVICE INTERVAL

f : (106

DETERMINE PROB {MEET OBJECTIVE|CURRENT ASA}

(Ps)
1 107
ALARM IF P; £ THRESHOLD FOR SHIFTING CALLS (T}, )
OR
Ps 2 THRESHOLD FOR ACCEPTING CALLS (T )
) 108 1 ¢109
DETERMINE NUMBER DETERMINE NUMBER
OF CALLS TO SHIFT . | OF CALLS TO ACCEPT
(FIG.2)
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beginhing of the service interval, [err] is the nunber of calls abandoned
up to the current subinterval, and [err] is the remaining tine in the
service interval. Gven the prior distribution of the call load rate for
the application at a TC and the nunber of 2@&%3 required (R) for the

remai nder of the service interval ([err]), redictive distribution is
built for the nunber of calls that will- arrive during the renai nder of the
i nterval based on the assunption that the calls arrive according to a

Poi sson Process. The predictive distribution, which is a negative binom al,
I's then used to calculate the probability of receiving, at nost, Rcalls in

nodul e 106 of Fig. 1. See
FIG. 2

ﬁ\) £201

DET ERMINE LINE-ESTIMATION FACTOR

202

203

IS CURRENT
YES SAVE THE P VALUE
SUBINTERVAL THE LAST
SUBINTERVAL FOR THE SUBINTERVAL

204

FOR EACH SUBINTERVAL, MAKE A RECORD

OF SUCCESS OR FAILURE IN A TABLE OF
PROBABILITIES WITHIN RANGE OF PROBABILITIES
WHICH INCLUDES THE Py FOR THAT SUBINTERVAL

l ' 205

FOR EACH SUBINTERVAL, CALCULATE FROM THE
RECORD OF SUCCESSES WHAT T\, MUST BE

IN ORDER TO ACHIEVE A SELECTED PROBABILITY
OF GENERATING A FALSE ALARM TO SHIFT

¥ 206

FOR EACH SUBINTERVAL, CALCULATE FROM THE
RECORD OF FAILURES WHAT Ty; MUST BE
IN ORDER TO ACHIEVE A SELECTED PROBABILITY
OF GENERATING A FALSE SIGNAL TO ACCEPT

(FIG. 3) (FIG. 3)
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[err]” pages 284, 236, and 216 of the text "Applied Statistical Decision
Theory", by H Raiffa and R Schlaifer, published 1961 by Division of
Research, Harvard Busi ness School. This probability of receiving, at nost,
Rcalls is equal to the probability of neeﬁégg t he perfornmance objective
given the current ASA. The probability of eting the performance objective
obt ai ned from nodule 106 is then conpared in nodule 107 to al arm and accept
thresholds, [err], and Thi, respectively. If P calculated in nodule 106 is

| ess t han

FIG. 8

® ©
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or eqlial to threshold [err], nodul e 107 generates an al arm condition which
in_turn causes a nodule 108 to determ ne the nunber of calls that should be
shifted away fromthe ACD under consideration |n order to achieve the
perfornmance objective during the service i n?s Simlarly, if [err] is
equal to or greater than threshold [err] noddle 107 generates an accept
condition which in turn causes a nodule 109 to determ ne the nunber of
calls which can be accepted fromother ACDs. The nodul es whi ch have been
described thus far are identical in function to those which are descri bed
in the above-identified Brown et al. pateftJGl.n ghe enbodi ment of the

I nvention which was constructed, the service interval

1401
GET INITIAL VALUES OF T & K

Y 1402
DIFF CURR_SUBINT. =

3 "| ACTUAL CALL LOAD — ESTIMATED CALL LOAD
408 1 403
S vsg  L(OFF CURR_SUBINT.)2
; n’

404

IS
MSE T4 <MSET
OR
MSET_x<MSE7

406 -

i NO IS k

0.000007629

YES
v 412
SAVE VALUE OF T FOR SUBINTERVAL

¥ 410
CALCULATE AVERAGE T FOR SERVICE INTERVAL

v ) f4“

SAVE VALUE OF T
AND STOP MODULE 201 PROCESS
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was «C¢ttestn to be 30 minutes and the subintervals were each equal to 3
‘m_rut es. Havi ng a subinterval as long as 3 mnutes was found to snooth
monentary fluctuations in the value of [err] which would be present in
subinterval s as short as 40 seconds. AccorﬁZggly, in the Browmn et al.
patent, alarm ng and accepting threshol ds to be pre-defined and chosen
for each three mnute subinterval by the telemarketing custoner. I n
accordance with the present invention, the alarm ng and accepting threshold
| evels, [err], and [err], are calculated by the nodules to be described
hereinafter in accordance with the tel emarketing custoner's selection as to
how many fal se alarns and fal se accept

FIG. §
a \

TIME (sec.)
360 — 540

PROBABILITY SUCCESS  FAILURE

0 - 5% 1111
S5 - 10% 1 11

10 - 157 1 11111

15 - 20% 11 1

20 - 25% LARR IRRARRAR

25 - 30% 11 1

30 - 35% 111 11

35 - 407% ! 1

40 - 457 1

45 - 507% 1 1

50 - 55% m "

55 - 60% 11 1

60 - 65% 1

65 - 70% 111 1

70 - 75% 11

75 - 80% 11111 1A

80 - 85% 1 1

85 - 90% 111

90 - 957 1

95 - 100% 111

I
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REPLACENENT SHEET [err]
After determning the nunmber
number of calls to accept,

a val ue of about 1.45. |t

i foany,
Fig. 2 wherein the line-estimtion factor
“system this factor was chosen through t

is an aspect o

of calls to shift, if any,
the process proceeds
I s determ ned.

t he present

study of historical

fo0Ale-4 1PCS

signals that he or she is wllingto toI erate.

or determning the
into nodul e 201 of
In the.prior art
data to have
invention that this

factor is twvealed sHARKIOrORS lCoMPLEIe WitH KSFOMAPIE NFRNESRELE! REPRES! O Pe

This invention relates to telemarketing complex
performance management systems and more particularly to
telemarketing complex performance management systems wherein
threshold levels are set in order to determine when to
reroute traffic so as to balance service levels among
automatic call distributors or ﬁo implement changes in the
stafiing force at selected traffic centers where calls are
~received.

Déscrigtion of Related Arxt
' . In a telemarketing complex performance management

system (TCPMS), the telemarketing complex is managed by a
system that compiles and processes data obtained from
customer premises-based information sources as well as
publiic switched telecommunications network-based information
sources, such that service levels can be balanced among
telecommunications centers (TCs) in the complex. Typically,
the telemarketing complex is comprised of a plurality of
automatic call distributors (ACDs) and a plurality of data
centers that may be selectively linked to the TCs where the
telemarketer receives calls. The system typically includes
the following elements: (1) an interface to the network that
reports the origin and destination of each of a plurality of
calls received by the telemarketer at all locations; (2) an
interface to the network that enables the telemarketer to
‘affect changes in call processing logic; and (3) a traffic
- contrxol center ﬁr’ocessor (TCCP) that accepts input data from
all other elements. of the system. The system accumulates
data at the TCCP from each ACD and telemarketer database

located at a data center (DC), while . contemporaneously

. monitoring both. the or:.g:.ns : and dest*ﬁgtlons of the

pluraliity of c ved-iatenont %3 well as the
Y i R}:.PLA(‘LMF AINT S’HLF

@ Description : paged ..\.. to paged .1%.

REPLAGEMENT SUEET

i Claim(s) :paged :3 to paged .1® J5. -
[ Drawing(s) : paged .J% to paged 7. 18 JUL 1996
; _r.vl/Abstract : paged ... to paged .7..
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described nore fully hereinafter in connection with Fig. 4. After
determining the line-estimtion factor, the process proceeds into the
deci si on nodul e 202 whi ch deterni nes whether the current subinterval is

| ess than the |ast subinterval of the service interval. |If the answer is
-yes, that is, that the process is not wogking with the |ast subinterval,
the process proceeds into nodule 203 wherein the value of [err] for the

subi nterval ihst$a¥edn éﬁdchﬁﬁgééosﬁséaED%tMsiﬂgt Degatt errRE 0spseer02 of
Fig. 3 which i dent j he alter gropess descri ped, in connectlgf W th
te

F g 3 ConaTuEESthE R ER, £0 ESROFALE SIGRoLE AT LMLeReRrLng oa
process deteouting vhanbeshaegded rtoCaiallam’c@Cwm:é dgevee 14 aAmEay et het he

d'Str'bUt'ORCBf ‘*“ehééé%% in the staffing force levels at selected TCs
where calls are received. The process is accomplished in
real time and is repeated at a desired frequency.
In U.S. Patent 5,164,983 issued No. .17, 1992 to P.
B. rown et al., a telemarketing complex performance
management system (TCPMS) is described wherein the
telemarketing customer is required to select a performance.
objective which is desired to be satisfied over a selected
service interval. In the Brown et al. system, the
'-performance objective is the average speed of answer (ASA)
by the staff at a given ACD which is servicing an ope*atlon
being performed by the telemarketing complex. A reactive
process within the systan_determines the probability of
meeting the performance objective ( P, ) at that ACD for
each subinterval within a service interval. This
probability is then compared in the reactive process to two
threshold 1levels, T,, and Ty, both of which are also
selected by the telemarketing customer. If the probability,
P,, is less than or equal to T,,, an alarm condition is
generated which suggests shifting calls away from the ACD
under consideration in order to increase the probability of
. meeting the performance objective during the service
.interval. On the other hand, if the probability, P, is
greatér_than or equal to T,;, an accept condition exists
which indicates that the ACD under consideration is lightly
" loaded and is capable of accepting traffic from other ACDs
within the system. Of course, if the probability is between
" the two threshold levels, no alarm or accept condition is
; :present and the reactive process does not suggest any
-alteration in the traffic routing patterns.
, In the Brown;“g; ~al. TCPMS system, the
t"telemarxetlng customer can set a dlfFerent value for: the T;u :
- REY .ACEMH ey
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anong the ACDs and/or changes in work force staffing levels at TCs are to
be i npl enent ed. As in the Brown et al. patent, all change recommendati ons
generated by the alter process are transferred as inputs to an external
systeminterface nodule 303 in Fig. 3 which provides a display at a

‘tel emarketer conpl ex manager's workstation. As in the Brown et al. patent,
the external systeminterface nodul e 3033can al so provide outputs to the

| XC Interface 103 and/or to a workforce staffing forecaster, as required.

When the | a8ndsThi Shoesholdslavedst tor (gactedihe snbisderalm withingthe, t he
process pro%@%ﬁdé“?nﬁ?f‘#%f a4 ﬂﬁ@r@ha id£ | ¥nl %l:hSt Kt %ﬁ‘l‘&e%ﬂgét her the

t el emar ket i ng_conpl ex een successf I 'n_achi eving the performance
achieve the selected value of the performance objective.

Through trial and error, the customer can arrive at sets of
threshold values that will achieve the desired switching of
traffic throughout the many variations that occur in the
incoming traffic due to seasonal, daily and monthly éhanges
in the calling customers of the telemarketer.

Summary of the Invention

An improved telemarketing complex performance
management system is achieved in accordance with the present
invention wherein the threshold levels which are used to
determine whether calls should be shifted from or accepted
by a given automatic call distributor are automatically set
in accordance with the telemarketer’s selection as to what
percentage of false alarms or false accepts he or she is
willing to accept. Specifically, the calculated value for
the probability of successfully achieving the performance
objective, P,, is saved for each of the subintervals within
the service interval. At the end of the service interval,
an indication of success or failure in achieving the
performance objective is entered in a memorY' table of
probabilities for each of the subintervals within the
service interval. Each subinterval has its own memory table
and the indication of either success or failure is entered
into that table within a range of probabilities that
includes the probability of success calculated for that
subinterval.- The historical record of successes and
failures is maintained in each subinterval table for a

- predetermined number of’previous intervals. Using the table
for a subinterval, a calculation is then made for T,, based
on the percentage of false alarms that the telemarketer is
'willing to accept. Aan alarm is_generated when the system

"calculates that calls must be shifted away from an ACD .
| - REPLACEMENT SHEET
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[err] 9 objective, that is, whether or not the average speéed of answer
(ASA) for the service interval is equal to or Iless than the performnce

obj ecti ve.

An indication of that success or failure is then placed within
a nenory table for each of the subintervals at a position in the table that

v“corresponds to the value of [err obtained during that subinterval. A

hi st ogram presentation of such a table is given in Fig. 5.

in Fig. 5 i stherwtis® The agents servicing that ACD are not likely to

' Detailed Desérigtion of the Preferred Embodiment

meet the performance objective. Similarly, a calculation of
T, is also made using the table for the same subinterval
based on the percentage of false signals to accept that the
telemarketer is willing to accept. A signal to accept is
generated when the system calculates that an ACD is able to
accept calls and that the agents at that ACD will still be
able to meet the performance objective.

Calculation of the call load rate, which must be
required during any given subinterval in order to achieve
the performance objective such as the desired ASA, requires
a figure for the number of queueing positions which will be
available. It is an aspect of the present invention that an
average line-estimation factor is calculated during each
servicé interval. This 1line-estimation factor when
multiplied by the number of agents gives an estimate of the
number of lines which are being used by the application
under consideration. This line-estimation factor is
advantageously calculated in accordance with the present
invention by minimizing the mean squared error between the
estimated call load as determined by the line-estimation
factor and the actual call load which has been experienced
in a predetermined number of subintervals in the past.

Brief Description of the Drawing
Figs 1, 2, and 3 when connected as indicated in

the figures provides a flow chart of a process constructed
in accordance with the present invention;
Fig. 4 provides a flow chart of the process used

" to determine the line-estimation factor; and

Fig. 5 is a tabular histogram of the successes and
failures during a single subinterval which is useful in
explaining the present invention.

The tabl e shown

REPLACEMENT SHEET
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m nute subinterval of 360 to 540 seconds fromthe begi nning of the service
interval. Simlar tables could be presented for each of the subintervals.
‘Each digit "1" within the columms under the headi ngs of "success" and
"failure" represent one instance where the [err] for that subinterval had a
Tprobability within the range of probabilgties shown for the row containing
the digit. In the actual process, each digit "1" was al so caused to have an

indication as to its gateoal Qrddid Ae&&h%n&%ﬁ,@%@ﬂ t#éélﬂec@ hﬁo@@ﬁ%&? 301
to periodically cleanse the menory of any storage of 'i nfornation ol der than
one week. Thé. ptB82&s§ot RenBpr 8&eues sthiad nfil 2 D5l emarkeeing oCempégKat e

the value pérfsfhhneasMadydmént Nfoy/dfn ONsSiHE sby incorporated by
reference. As pointed out in the Brown et al. patent, the
Telemarketer Complex 101 of Fig. 1 consists of a plurality
of telecommunications centers (TCs} which niay be located in
different geographical areas. Typically, each TC includes
at least one automatic call distributor (ACD) and one or
more "splits/gates" which receive information from the
associated ACD at the TC. "Split" or "gate" refers to the
group of attendant stations (sometimes called agent
terminals) each of which comprises an input/output terminal
and/or other display means which allow an attendant at the
TC to process selected calls received by the ACD. Each of
the TCs is associated with a data center (DC) which
typically includes a database containing customer profiles
and other information needed to service incoming calls.

In order to manage and control telemarketing
complex 101 and to permit the efficient handling of data
therein, telemarketing complex 101 couples data to a data
acquisition and contrel (DAC) module 102 shown in figure 1.
DAC module 102 is also provided with data from an
interchange carrier (IXC) network 103. a very thorough
description of the data collected by DAC module 102 is shown
in figure 3 of the Brown et al. patent and described in
those parts of the patent relating to that figure. In
brief, the data relates to ACD performance at each of the

- TCs and to the telemarketer configuration. This data is all
stored in memory as indicated by the 1live data and
configuration information storage block 104 in figure 1.
" This block 104 corresponds'dire_.ctly to the blocks 400 and
410 in Fig. 4 of the Brown et al. patent.

The stored live data and configuration information
is available to a module 105 in Fig. 1 wherein the actual

call load is monitored and an, estimate is made of the _
: ' : REPLACEMENT SHEET.
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six (6)
j e jval ue of

..l eﬁicéﬁiu i ne a total

eljow 20% the
to (6/.;2(3 ) 30.

by nodul e 204. As shown in the histogram of
I nstances for the subinterval under consi
‘[err] was less than 20% but the system nevertj
successfully neeting the performance objectiv
- nunber of twenty (20) instances when the val
probability of generating a false alarmégs eq al
Accordingly, if the customer has requested th
generating ae@aisedatalm1meadowgnehtes néaes§@9y theneéteshelcbjeueive

[err], can se t @ !a q%q; ons € dane, dule 205

in order togga‘fe%%éngag %"ns',; ecl i‘cet AT'es Icil' | e\}%%'r}fﬁ eq'}ﬁ]‘%%t&g

di fferent c@BtquﬁmmamuﬁmeﬁhefaverheepﬁmﬁﬂmIoiyanswer (ASA) can be
written in terms of the avefage staffing 1evel_for the

m

current service interval (n), the average rate of service
(R), the call load rate (A), and the number of Queueing
positions (N). See page 104 of the text entitled "Queueing
Theory in OR", by E. Page, published 1972 by Crane Russek &
Company, Inc. The number of queueing positions, N, can be
estimated by using the following egquation:

N = (T-1) *n _
where T is the line-estimation factor, and n is the average
staffing level. By using the queueing relationship for the
ASA and knowing the required ASA to meet the performance
opject ve, the call load rate which is necessary to meet the
service objective (A.,) can be derived. This call load rate
can then be used to derive the number of calls, R, that
shou;d.be offered over the remainder of the service interval
if the performance objective is to be met with acceptable
certainty by using the follbwing relationship:

Areq = (NCO, - NCA, + R}/ (t + T)
where NCO, is the number of calls offered up to the current
subinterval which has an elapsed time of t since the
beginning of the service interval, NCA. is the number of
calls abandoned up to the current subinterval, and T is the
rémaining time in the service interval. '

_ Given the prior distribution of the call load rate
for the application at a TC and the number of calls required
(R) for the remainder of the service interval (1), a

. predictive distribution is built for the number of calls
that will-arrive during the remainder of the interval based
on the assumption that the calls arrive according to a
Poisson Process. The predictive distribution, which is a

_ negative binomial, is then used to calculate the probability
of receiving, at most, R calls in module 106 of Fig. 1. See



of generating fal se al arns. REPLACEMENT SHEEY £sh then
proceeds into nodule 206 in order to cal cul ate f§ha val ue Of'ﬂ& r4] tbased on
the information stored by nodul e 204. As al so sHown 48 Jub ét'(gram of
Fig. 5 there were three (3) instances for the sljubj nterval |-
.consideration when the value of [err] wag greate} 0% but thg system
neverthel ess failed to achi eve the performance opjectiVve ——S-mcet here

were a totabpagfesniaed £ep36(13nd 216 of the text "Applied Statistical
Decision Theory”, by H. Raiffa and R. Schlaifer, published
1961 by Division of Research, Harvard Business School. This

probability of receiving, at most, R calls is equal to the
probability of meeting the performance objective given the
current ASA.

The probability of meeting the performance
ocbjective obtained from module 106 is then compared in
module 107 to alarm and accept thresholds, T,, and T,
respectively. If P, calculated in module 106 is less than
or equal ‘to threshold T, module 107 generates an alarm
condition which in turn causes a module 108 to determine the
number of calls that should be shifted away from the ACD
under consideration in order to achieve the performance
objective during the service interval. Similarly, if P, is
equal to or greater than thresheold T,;, module 107 generates
an accept condition which in turn causes a module 109 to
determine the number of calls which can be accepted from
other ACDs. |

The modules which have been described thus far are

" identical in function to those which are described in the
above-identified Brown et al. patent. In the embodiment of
the invention which was constructed, the service interval
was chosen to be 30 minutes and the subintervals were each
equal to 3 minutes. Having a subinterval as long as 3
minutes was found to smooth momentary fluctuations in the
value of P, which would be present in subintervals as short
as 40 seconds. Accordingly, in the Brown et al. patent,
alarming and accepting thresholds had to be pre-defined and
chosen for each three minute subinterval by the
telemarketing customer. In accordance with the present
invention; the alarming and accepting thresholid levels, T,
and T,,, are calculated by the modules to be described
hereinafter in accordance with the telemarketing customer’'s
selection as to how many false alarms and false accept



I nstances greater than 70% the probability of generating

equal to (3/19=) 15.8% Therefore if the custoner has reqhcREPRtACEMENT SHEET

‘probability of generating a fal se accept be no greater thah
206 will set the accept threshold level, [err] at 70% Herg
: 206 can do simlar conputations to detergrine a different val
order to neet a different value for trmeéﬂ
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the process proceeds into module 201 of Fig. 2 wherein the

line-estimation factor is determined. In the
system, this factor was chosen through the
historical data to have a value of about 1.4S5.

prior art

study of
It is an

aspect of the present invention that this factor is tweaked
during each of the subintervals through a process to be
described more fully hereinafter in connection with Fig. 4.

After determining the line-estimation factor, the
process proceeds into the decision module 202 which
determines whether the current subinterval is less than the

last subinterval of the service intervalfk If the

answery is

yes, that is, that the process is not working with the last
subinterval, the process proceeds into module 203 wherein

~the value of P, for the subinterval is saved,

and the

process continues to the alter process 302 of Fig. 3 which
is identical to the alter process described in connection
with Fig.-6 of the above-identified Brown et al. patent. In
brief, the alter process determines which changes in call

processing logic that govern the distribution of

call load

among the ACDs and/or changes in work force staffing levels
at TCs are to be implemented. As in the Brown et al.

patent, all change recommendations generated by

the alter |

process are transferred as inputs to an external system
interface module 303 in Fig. 3 which provides a display at

a telemarketer complex manager‘s workstation.

As in the.

Brown et al. patent, the external system interface module
‘303 can also provide outputs to the IXC Interface 103 and/or

to a workforce staf flng forecaster, as required.

When the last subinterval is detected by decision
module 202 in Fig. 2, the process proceeds into module 204
wherein it is first determined whether the telemarketing
complex has been successful in achieving the perfofmance




constantly reeval uated by the process and updat ed by _changihg—eonttT

order to neet the custoners selected probabilities o} BEMNAG
"alarm and a fal se accept. Finally, the process procegd
into the alter process 302 and continues in the manngr
. above-identified Brown et al. patent. An expansion off tlhe
determ nes the line-estimation factor is given in Fi
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val ues for the |line--estimtion factor, E;rr] and a payameter k are
|

retrieved frommenory in nodul e 401 of
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process,

" that the

g. 4. At thelpegtrmimTg of the

answer (ASa) for the service interval is equal to or less
than the performance objective. An indication of that
success or failure is then placed within a memory table for
each of the subintervals at a position in the table that
corresponds to the value of P, obtained during that
subinterval. A histogram presentation of such a table is
given in Fig. 5. The table shown in Fig. 5 is for the 3
minute subinterval of 360 to 540 seconds from the beginning
of the service interval. Similar tables could be presented
for each of the subintervals. Each digit "1" within the
columns under the headings of "success" and "failure"
represent one instance where the P, for that subinterval had
a probability within the range of probabilities shown for
the row containing the digit. In the actual process, each
digit "1" was also caused to have an indication as to its
date of origination thereby permitting the module 301 to
periodically cleanse the memory of any storage of
information older than one week. .

The process then proceeds into module 205 in oxrder
to calculate the value of T,, based on the information stored
by module 204. As shown in the histogram of Fig. 5, there
were six (6) instances for the subinterval under
consideration when the value of P, was less than 20% but the
system nevertheless resulted in successfully meeting the
performance objective. Since there were a total number of
twenty (20) instances when the value of P, was below 20%,
the probability of generating a false alarm is equal to
(6/20=) 30%. Accordingly, if the customer has regquested
that the probability_bf generating a false alarm be no
greater than 30%, the threshold level, T,,, can be set at
20%. Similar computations can be done in module 205 in
order to determine the specific threshold level that can
satisfy a different customer requirement for the probability

- of generating false .alarms.

s in
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to a value of 1.00. The process then conputes, in
historical records relating to the current [err]
di fferences between the actual call and the estimat
| i ne-estimation factors of [err], T+k, and T-k. The

“to nodule 403 of Fig. 4 wherein a nean squared errof

di fferences that were obtained using eath of the Ii
of T, T+k, and T-k. As a result, three separate.nea

R S|

produced for the - The process then proceeds into module 206 in order
to calculate the value of T,; based on the information stofed
by module 204. As also shown in the histogram of Fig. S,
there were three (3) instances for the subinterval under
consideration when the value of P, was greater than 70% but
the system nevertheless failed to achieve the performance
objective. Since there were a total of nineteen (19)
instances greater than 70%, the probability of generating a

false alarm is equal to (3/19=) 15.8%.

Therefore if the

customer has requested that the probability of generating a
false accept be no greater than say 16%, module 206 will set
the accept threshold level, Ty, at 70%. Here again, module
206 can do similar computations to determine a éifferent
value of T,; in order to meet a different value for the

probability of generating a false accept.

‘The process then proceeds into module 301 of Ficg.
3 wherein the values of T, and T,; which were determined in
-modules 205 and 206 are saved. As a result, the new values
can be used by module 107 in Fig. 1 during the next service
interval, and the threshold values of T,, and T, are

constantly reevaluated by the process

and updated byv

changing conditions in order to meet the customers selected
probabilities of generating a false alarm anéd a false

_ accept.

Finally, the process proceeds from module 301 into

the alter process 302 and continues ;Ln the manner described
in the above-identified Brown et al. patent.

_ _ - An expansion of the module 201 which determines

- the line-estimation factor is given in Fig. 4. The initial

" values for the line-estimation factor, T,

and a parameter k

- are retrieved from memory in module 401 of Fig. 4. At the
- beginning of the process, T is set to a value of 1.45 and

- the parameter k is set each time that the

module 401 begins

to a value of 1.00. The process then computes, in module
402, for all historical reéord§ relating to the current



subi nterval, one for each of the line-estimation factors being consider
Modul e 404 then consi ders whet her values of (T+k) or (k) for the
line-estination factor have produced a |ower nmean squal eREPEAL Eﬂ'lh
value of T. If they have, the process noves into decisj o . -
the value of k is either subtracted fromT in nodul e or, added to T
nodul e 409 (whi chever produces the | ower nean squared rr0r1)8, JHhd1996e
process returns to the nodule 402. In thgi way the valju f the |
|l i ne-estimation factor is noved towards value whichlis likely to achi

the ot her - naNELEAEL ] ne taf e BENCARES, WA i GRERE  C2T T Tou
and the estimated call load based on line-estimation factors
of T, T+kf and T-k. The process then proceeds to module 403
of Fig. 4 wherein a mean sguared error is computed for the
differerces that were cbtained using each of the line-

ed.

estiha;ion factors of T, T+k, and T-k. As a result, three

separate mean squared errors are produced for the
subinterval, one for each of the line-estimation factors
being considered.

Module 404 then considers whether values of (T+k)

or (T-k) for the line-estimation factor have produced a
- lower mean squared error than the value of T. If they have,
the process moves into decision module 407, and the value of
k is either subtracted from T in module 408 or added to T in
module 409 (whichevet produces the lower mean sguared
error), and the process returns to the module 402. In this
way the value of the line-estimation factor is moved towards
a value which is likely to achieve a lower mean squared
error in a new calculation of the differences. If on the
other hand, the lowest mean squared error was produced in
module 403 by the current value of T, decision module 404
moves the process into module 405 wherein the value of k is
halved. If the new value of k is not less than .000007629,
the decision module 406 returns the process to the
calculation module 402 with a reduced value of k. This
reiterative process of calculating the mean squared errors
is stopped when the value of k is less than the amount
indicated in module 406, the process then moves into module
412 where the value of T for the current subinterval is

stored in memory. _

_ Finally, an average value of T is calculated in
module 410 using the values of T for each subinterval of the
service interval. The average value of T is then stored in

- memory by module 411, and the process relating to module 201
of Fig. 2 is étopped. '



nodul e 403 by the current value of T, decision nodul e 404 noves the process
I nto nodul e 405 wherein the value of k is halved. If the new value of k is
not | ess than .000007629, the decision nodule 406 returns the process to
the cal cul ati on nodule 402 with a reduced value of k. This reiterative
-process of calculating the mean squared E2rors is stopped when the val ue of
k is less than the anobunt indicated. in nodul e 406, the process then noves
into nodul e 412 wher eWwhhe halsubesn Bdsorilbed cherebhabokentier werdlsy mred

Ay S LR L

val ue of T depatturssomay be made By those skilled in the art witchout
departing from the scope of the presen
invention. For example, the sequence of determining the
threshold levels of T,, and T,; can obviously be interchanged
without modifying the effectiveness of the process. In
addition, the invention could be used to optimize system
performance with respect to criteria other than the ASa. It
should also be obvious to those skilled in the art that -
range of probability values used in the histogram of Fig. 5
could be larger or smaller than the 5% range used in the
above-described embodiment.
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menory by nodul e 411, and the prbcess relating to nodule 201 of Fig. 2 is
st opped. 12 Vﬁaf“ﬁ“§—5é€n‘descrfbed her ei nabove is nerely an

“illustrative enbodl ent invention. Nunerous departures my
be made by those s Wi’ wi t hout departing THis WREET MAS BEEN
. scope of the presen For xarrpl e, thg sequ B8 b

determ ning the threshold | evel s of [err and [err]

i nt er changed_i f hout -nodi fying the effectiveness of the process. In
cladae!
1. In a system for managing a telemarketing complex

wherein the probability of achieving a predetermined
performance objective at the end of a service interval by an
automatic call distributor within the telemarketer complex
is calculated for each subinterval of a service interval,
and the ﬁanaging system includes means for comparing the
calculated probability to a threshold level for shifting
calls and a threshold 1level for accepting calls, the
combination comprising means for keeping a record of
successes and failures in achieving the performance
objective for each of the subintervals within the service
interval, and means responsive to said record keeping means
for generating said threshold level for shifting calls and
said threshold level for accepting calls for each of the
subintervals within said service interval.

2. The combination as defined in claim 1 wherein the
means responsive to saild record keeping means includes both
a means for generating said threshold level for shifting
calls based on a preselected probability of generating a
false alarm to shift, and a means for generating said
threshold level for accepting calls based on a preselected
probability of generating a false signal to accept.

3. A system for managing a telemarketing complex
which includes a plurality of automatic call distributors
" (ACDs) for receiving calls placed to said telemarketing
complex, said me.naging system comprising means for acquiring
and storing data from said ACDs, means responsive to said
acquiring and storing means for calculating a probability of
achieving a performance objective at the end of a service
interval for each one of said ACDs. in said telemarketing .
complex, means for generating during each subinterval within

said service interval ap _alarm condition J.f the calculated
REPLACEMEMT SHEFT —
3- Has Been Rep laced
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addition, the invention could be used to optim ze system performance with
respect to criteria other than the ASA. It should al so be obvious to those
‘skilled in the art that range of probability values used in the hi stogram

of Fig. 5 could be |arger or srraller t han t he 5%ran
. above-descri bed m VENT SHEET = - HTS/\EE‘&T é‘h\gl %‘i%
[err] 1. natm”m:““u m ~a tel emarket| ng conpl BRPLAGERi ng
automatic caII ? B 14 '

2
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probability is less than or equal to a threshold level for
shifting calls and an accept condition if the calculated
probability is greater than or egual to a threshold level
for accepting calls, means responsive to said generating
means for determining the number of calls to shift from said
.each one of said ACDs, means responsive to said generating
means for determining the number of calls to accept at said
each one of said ACDs, means responsive to the aumber of
calls to shift and the number of calls to accept for
determining changes in the distribution of call locad among
said ACDs, and means for displaying the changes in the
distribution of call locad among said ACDs, characterized in
that the means for determining changes includes means for
keeping a record of the cal_culated probability for each said
subinterval and whether the system has succeeded or failed
in achieving the performance objective within the service
interval, and means responsive to said record keeping means
for generating said threshold level for shifting calls and
said threshold level for accepting calls for said each

subinterval.

4. A system for managing a telemarketing complex as
defined in claim 3 wherein said means responsive to said
record keeping means includes both a means for generating
said threshold 1level for shifting calls based on a
preselected probability of generating a false alarm to
shift, and a means for generating said threshold level for
accepting calls based on a preselec;.ed probability of
generating a false signal to accept.

5. A 'system for managing a t:elemar_keting'complex as
defined in claim 3 whe*'ein said means for determining
- changes further -ncludes a means for g’en.e*'at rg a line

estimation factor. BEPLACEMENT SHEET
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dirstributors and neans for collecting data with respect to said automatic
call distributors during each subinterval of a service interval, said
nmet hod conprising the steps of determ ning the probabjtity—during—each

subi nt er val

of having each one of said automatic call ISt SHER A BAEM|

eve
al ,

-a predeterm ned apicti ve at the end of dlaid s&EPLAGED nt er
conparing said mn mllrmmm Hﬁt hreshol d | evel for shrftrmgTcatts—amnd

t hreshol d | evel

to a

torcacceptisg eal | s, detggmining the nunber of calls to

shift and the nunber of calls to accept based on said conparison to said

threshol d | eve! 56._d3t X "é‘y@ﬁ&l [4Cae¥Iined fig |c!15§.m! 5 RB8FEYhNgasal ﬂ_eans
performance objective at the ,end of said, service interval and storing a

record of afSUCEERETHEiRG AUt A0S FHANREHOR MR GG ARIMReF SuBBRRS: $OFor
each of thecalbuleeivel @ dilfifidtehidied betiidett annhettvall tAenebyadddhagdaho an

hi st ori cal

d_of ' d.failur f h_of Ld t | s,
and aut orat PEEFCER) it ARG ERE TP S8HSH §2Fbr SURIPEPRYRLal ARSRERRSI

t hreshol d f foracedpulagicat Ithe mean squared error for said difference

- call distributors.

over a predetermined number of historical periods of said
each subinterval.

7. A method for managing a telemarketing .complex
having automatic call distributors and means for collecting
data with respect to said automatic call distributors during
each subinterval of a service interval, said method
comprising the steps of determining the probability during

each subinterval of having each one of said automatic call -

distributors achieve a predetermined performance objective
at the end of said service interval, comparing said
probability to a threshold level for shifting calls and to
a threshold level for accepting calls, determining the
number of calls to shift and the number of calls to accept
based on said comparison to said threshold levels, storing
a record of a- success or failure in achieving said
performance objective along with the associated probability
for each of the subintervals within said service interval,
and calculating said threshold for shifting calls and said

threshold for accepting calls for each of’ said subintervals

based on said record of success or failure.

8. A method of managing a telemarketing system as

defined in claim 7 wherein the method further includes a
. step of determining a line-estimation factor for each one of

- said automatic call distributors which can be used to
 estimate the call load at said each one of said automatic

| WP ACEMENT SHEET
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for each of said subintervals based on said record for successes and
2. A net hod of managing a tel emarketing systemas defined in
claim1 wherein the method further includes a step of determning a

failures.

|ine-estimati on factor for each one of said automatic Ll distributors
‘'whi ch can be used to estimate the cal
automatic call distributors. - TH S SHEET HAS BEEN 14 probaﬂgpmgm)l s le
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than or equal to a threshold |evel foﬂ5sh|ft|ng cal | s amd—am—accept
condition if the calculated probability is greater than or equal to a

threshol d | evel _ ABSTRACT

TELEMARKETING COMPLEX WITH AUTOMATIC THRESHOLD LEVELS

A system for managing a telemarketing complex is
Ciscloseé wherein the probability of =eeting a given
perlormance objective by the agents sexrvicing an automatic
call distriputor (ACD) within the complex is computed for
each subinterval of a predetermined service interval. This
trobability is then compared with threshold levels in order
to determine whether the ACD reguires tha:t calls be shifted
to meet the performance objective or whether calls can be
accepted by that ACD. A record is maintained fcr each
subinterval of the probabilities computed for that
subinterval and as to whether the system succeeded cr fzailed
in achieving the performance objective 2t the ené of the
service interval. This record is useé to compute the
threshold levels used in future comparisoxs. Ia addition,
the system computes a line-estimation Zactor which when
mulciplied by the number of agents workizg can be useé to
estimate the call load for an ACD. |

Figure 1.
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for accepting calls, neans responsive to said generating neans for
determ ning the nunber of calls to shift fromsaid each one of said ACDs,
-means responsive to said generating means for determ.ning the nuiber of
calls to accept at said each-one of said ACDs, means responsive to the
. hunber of calls to shift and the nunber of calls to accept for determ ning

changes in the distribution of call |oad dnong said ACDs, and neans for
di spl aying the changes in the distribution of call |oad anong said ACDs,
characterized in that the nmeans for determ ning changes includes neans for
keeping a record of the calculated probability for each said subinterval
and whet her the system has succeeded or failed in achieving the performance
objective within the service -

FIG. 1
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I nterval, and neans responsive to said record keeping nmeans for generating

said threshold level for shifting calls and said threshold Tevel for

- accepting calls for said each subinterval. 4. A system for managi ng a

tel-emarketing conpl ex as defined in claim3 wherein said neans responsive

. to said record keepi ng neans includeZ%both a means for generating said
threshold I evel for shifting calls b#ed on a presel ected probability of

generating a false alarmto shift, and a neans for generating said

threshold | evel for accepting calls based on a presel ected probability of

generating a false signal to accept. 5. A system for nmanaging a

tel emarketi ng conpl ex as

FIG. 2 |
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defined in claim3 wherein said neans for determ ning changes further

I ncl udes, a neans for generating a line TH S SHEET HAS. BEEN 6. A
‘systemas defined in claim5 wherein said neans for generating a |line
estimation factor includes a means for calculating a difference between an
. actual call load and an estimated call | oad during said each subinterval
and neans for calculating the nean squareg error for said difference over a
pr edet er mi ned nunber of historical periods of said each subinterval

FIG. 3
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7. A nmethod for managi ng a tel emarketing conpl ex havi ng automatic cal

di stributors and neans for coll-ecting data with respect to said automatic
-call distributors during each subinterval of a service interval, said

met hod conprising the steps of determning the probability during each

. Ssubi nterval of having each one of said automatic call distributors achieve
a predeternined performance objective at #he end of said service interval,
conparing said probability to a threshold Ievel for shifting calls and to a
~threshold level for accepting calls, determ ning the nunber of calls to
shift and the nunber of calls to accept based on said conparison to said
threshold I evels, storing a record of esg or failure in achieving
sai d _ ???7?5 ii

401
GET INITIAL VALUES OF T & K |

1 402

DIFF CURR_SUBINT. = .
s ACTUAL CALL LOAD - ESTIMATED CALL LOAD

l 403
Z (DIFF CURR_SUBINT.)?
n .

T=Tk MSE =

MSETk MSE7
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MSEr-«<MSE7
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perfornmance objective along with the associated probability for each of the
~subintervals within said service interval, and cal cul ating said threshold
~for shifting calls and said threshold. for accepting calls for each of said
subi nterval s based on said record of success or failure. 8. A et hod of
. managing a tel emarketing systemas defined in claim7 wherein the nethod
further includes a step of determning a |ine-estimation factor for each
one of said autonmatic call distributorsnzfich can be used to estimte the
call load at said each one of said auto ic call distfibutors.

FIG. 5
I =\
TIME {sec.)
360 - 540
PROBABILITY SUCCESS  FAILURE

0 - 5% 1

5 - 10% 11 11

10 - 15% 1 111

15 - 20% m 11
20 - 25% ERRR! IRERRRE
25 - 30% 1m 1
30 - 35% 11 11

35 - 40% 111 1
40 - 45% 1
- 45 - 50% 11 1
50 - 55% 111 11
55 - 60% 1111 1
60 - 65% 1
65 - 70% 111 1
70 - 75% 11 |

75-80% 1. N
8 - 90% = 111 REPLACEMENT SHFET
-9z 1 :
' 85 .~ 100% 111 |1 18JuL 996 |
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What is claimed is: o I ”!,I"c’ m,!l "'"” ”'1' ” ’"’
1. A method for managing a te_lemarketing complex 'having automatic call

distributors and means for collecting data with respect to said automatic call
'di_stributors. during each subinterval _of a service interval, said method comprising
the stéps of determining the probability during each subinterval of héving each
one of said automatic call distribﬁ'tors achieve a predetemingd performance
objective at the end of said service interval, comparing said probability to a
threshold level for shifting calls and 6 a threshold level for accepting calls,
determining the number of caﬂs to shift and the number of calls to accépt based
on said comparison to said threshold levels, determining. success or failure in
achieving said performance objective at the end of said service interval and
storing a record of a success or failure along' with the associated. prdbability for
each of the subintervals within said service interval thereby adding to an historical
 record of successes and failures for each of said subintervals, and automatically
" calculating said threshold for shifting calls and said threshold for accepﬁng calls

~ for each of said subintervals based on said record for successes and failures.

2 A method of managing a telemarketing system as defined in claim 1 wherein the
methpd_ further includes a step of determining a line-estimation factor for each one
of said automatic call distributors which can be used to estimate the call load at

said each one of said automatic call distributors.
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ABSTRACT
TELEMARKETING COMPLEX WITH AUTOMATIC THRESHOLD LEVELS

A system for managing a telemarksting complex is
discloseé wherein the probability of meeting a given
performance objective by the agents servicing an automatic
call distributor (ACD) within the complex'is computed for
each subintexval of a predetermined service interval. This
probability is then compared with threshold levels in order
to determine whether the ACD requires that calls be shifted
to meet the performance ocbjective or whether calls can be
accepted by that ACD. A record is maintained for each
subinterval of the oprobabilities computed <£for chat
subinterval and as to whecher the system succeeded or failed
in achieving the performance objective at the end of the
service interval. This record is used to compute the
threshold levels used in future compariscas. In addition,
the system computes a line-estimation factor which when
multiplied by the number of agents working cam be usad to
estimate the call load for an ACD.

Figure 1.
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