
(19) United States 
US 2004O264677A1 

(12) Patent Application Publication (10) Pub. No.: US 2004/0264677 A1 
Horvitz et al. (43) Pub. Date: Dec. 30, 2004 

(54) IDEAL TRANSFER OF CALL HANDLING (52) U.S. Cl. ........................................................ 379,265.02 
FROM AUTOMATED SYSTEMS TO HUMAN 
OPERATORS BASED ON FORECASTS OF 

AUTOMATION EFFICACY AND OPERATOR (57) ABSTRACT 
LOAD 

(76) Inventors: Eric J. Horvitz, Kirkland, WA (US); 
Timothy S. Paek, Issaquah, WA (US) 

Correspondence Address: 
AMIN & TUROCY, LLP 
24TH FLOOR, NATIONAL CITY CENTER 
1900 EAST NINTH STREET 
CLEVELAND, OH 44114 (US) 

(21) Appl. No.: 10/610,486 

(22) Filed: Jun. 30, 2003 

Publication Classification 

(51) Int. Cl. ............................. H04M 3700; HO4M 5/00 

100 

130 

CALLS 
CALLERS 

AUTOMATED 
RESPONSES 

Y\ll 120 

160 

DATALOGS ------------------b 

CALL ROUTING 

The present invention relates to dynamic policies for trans 
ferring people from an automated or user-directed call 
handling System to a human operator, depending on consid 
erations of the likelihood of the failure of the interaction 
with the call-handling System, predictions about the 
expected time or frustration associated with using the Sys 
tem, and the current load on human operators. Systems and 
methods leverage probabilistic models of System and user 
behaviors built from logged data. A decision-theoretic analy 
sis and corresponding models of ideal decisions about the 
transfer of calls from an automated System to a human 
operator are provided. The methods have application to a 
Spectrum of call-handling Systems including touch-tone and 
Speech-recognition-based Systems. 
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IDEAL TRANSFER OF CALL HANDLING FROM 
AUTOMATED SYSTEMS TO HUMAN OPERATORS 

BASED ON FORECASTS OF AUTOMATION 
EFFICACY AND OPERATOR LOAD 

TECHNICAL FIELD 

0001. The present invention relates generally to systems 
and methods that facilitate communications between 
devices, Systems, processes, and/or individuals. More par 
ticularly, the present invention relates to employment of 
dynamic policies for transferring people from an automated 
call routing System to a human operator given the likelihood 
of Success, the effort associated with continuing to interact 
with an automated System and the wait times associated with 
entering a queue for a human operator. 

BACKGROUND OF THE INVENTION 

0002 Many users have had experiences with the use of 
automated Speech-recognition based call routing Systems for 
accessing data and Services by telephone. Such Systems have 
proliferated lately with the advent of more accurate spoken 
command-and-control and continuous speech recognition 
Systems for limited domains. Even when the Scope of an 
application is restricted, however, Such Systems can produce 
frustrating failures. To address user frustration, many 
designers put in place options for callers to be immediately 
routed to a live, human operator. Beyond Speech recognition 
Systems, other automated Systems have been deployed Such 
as the use of touch-tone driven menu Systems. Such Systems 
may frustrate users in providing a fixed set of options that 
either may not appear to offer the right options, offer options 
that have understandable relevance, and/or may appear to 
route the caller to a frustrating Sequence of options rather 
than converging quickly to a desired Setting. 
0003) A growing number of organizations are using auto 
mated call-routing Systems that employ touch-tone routing 
or Speech recognition and natural language processing to 
assist users with navigation. Automated methods are 
employed to reduce the load on operators or to reduce costs 
asSociated with Staffing of call reception and routing func 
tions. However, failures and frustrations of automated recep 
tion and routing can be costly to callers and to organizations 
employing them as callerS may have to put in more effort, 
wait longer times, or simply hang up in frustration and take 
their business elsewhere. 

0004. There has been a recent growth in the popularity of 
deploying speech recognition Systems. One reason for the 
popularity of Such Systems is their promise at providing a 
more natural interface than touch-tone routing. However, 
organizations have been discovering that Voice routing Still 
falls short of the quality of Service that a live, human 
operator can provide. In one example, an automated call 
routing System may field all internal directory assistance 
calls. Using Speech recognition, the System attempts to 
uniquely identify one of over thousands of possible name 
entries in a company's global address book. Needless to Say, 
a vocabulary of this size is bound to have deleterious effects 
on the performance of the Speech engine. 

SUMMARY OF THE INVENTION 

0005 The following presents a simplified summary of the 
invention in order to provide a basic understanding of Some 
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aspects of the invention. This Summary is not an extensive 
overview of the invention. It is not intended to identify 
key/critical elements of the invention or to delineate the 
Scope of the invention. Its Sole purpose is to present Some 
concepts of the invention in a simplified form as a prelude 
to the more detailed description that is presented later. 
0006 The present invention relates to guiding calls in 
accordance with an automated call routing System. One or 
more decision models are provided that output policies for 
Switching people from an ongoing automated System to a 
human operator based on context-sensitive analysis of the 
spoken dialog situation at hand. This also relates to applying 
decision-theoretic principles to reason about the ideal meld 
ing of people and automated reasoning Systems. Thus, 
callers experiences with a call routing System are optimized 
by developing models that consider the probability that 
callers will be ultimately successful (or not) in their col 
laboration with the automated System, the expected number 
of StepS required for that Success, and the current load on 
human perSonnel. In one aspect, a voice routing System for 
directory assistance can be analyzed via data logs of a 
System's performance. One or more probabilistic models 
can then be constructed from the data logs regarding the 
likelihood of SucceSS or failure with the automated System, 
and the number of Steps, overall duration, effort, or frustra 
tion with the use of the automated System, given that there 
will be eventual Success of the interaction. The present 
invention couples path-dependent probabilities from learned 
models with a decision analysis to optimally guide the 
transfer of calls to a human operator, given information 
about the expected current wait times associated with a 
transfer to a human operator. 
0007 To the accomplishment of the foregoing and related 
ends, certain illustrative aspects of the invention are 
described herein in connection with the following descrip 
tion and the annexed drawings. These aspects are indicative 
of various ways in which the invention may be practiced, all 
of which are intended to be covered by the present invention. 
Other advantages and novel features of the invention may 
become apparent from the following detailed description of 
the invention when considered in conjunction with the 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is a schematic block diagram illustrating an 
automated call routing and decision System in accordance 
with an aspect of the present invention. 
0009 FIG. 2 is a diagram illustrating call routing statis 
tical data in accordance with an aspect of the present 
invention. 

0010 FIG. 3 is a diagram illustrating dialog features in 
accordance with an aspect of the present invention. 
0011 FIG. 4 is diagram illustrating a probability tree in 
accordance with an aspect of the present invention. 
0012 FIG. 5 is a diagram illustrating a dependency 
network for dialog features in accordance with an aspect of 
the present invention. 
0013 FIG. 6 is a diagram illustrating a Markov Depen 
dency network in accordance with an aspect of the present 
invention. 
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0.014 FIG. 7 is a prior distribution of an expected num 
ber of dialog Steps in accordance with an aspect of the 
present invention. 
0.015 FIG. 8 is a flow diagram illustrating systematic 
automated call routing according to an aspect of the present 
invention. 

0016 FIG. 9 is a schematic block diagram illustrating a 
Suitable operating environment in accordance with an aspect 
of the present invention. 
0017 FIG. 10 is a schematic block diagram of a sample 
computing environment with which the present invention 
can interact. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.018. The subject invention employs decision theory in 
connection with managing calls. More particularly, manage 
ment of call traffic and handling of Specific calls is important 
to many businesses, and the Subject invention employs 
decision theory in connection with optimizing handling of 
calls. An automatic call answering System can be employed 
until the cost associated therewith (e.g., customer hanging 
up) outweighs the benefits (e.g., minimizing human inter 
vention to deal with the call). Thus, a System in accordance 
with the invention employs a decision-theoretic based 
framework to take a most appropriate action (e.g., use 
automatic call answering System, end use of call answering 
System, Switch to human operator, route call to different 
Service . . . ) based upon utilities associated with a particular 
component for answering a call and/or handling of call 
traffic, State of caller(s), State of entity receiving call(s), 
bandwidth, resources, and nature of call, for example. Thus, 
the Subject invention optimizes utilization of resources via 
employment of decision theory and one more models that 
are trained from past activity logs. 
0.019 AS used in this application, the terms “component, 
“model,”“system,” and the like are intended to refer to a 
computer-related entity, either hardware, a combination of 
hardware and Software, Software, or Software in execution. 
For example, a component may be, but is not limited to 
being, a process running on a processor, a processor, an 
object, an executable, a thread of execution, a program, 
and/or a computer. By way of illustration, both an applica 
tion running on a Server and the Server can be a component. 
One or more components may reside within a proceSS and/or 
thread of execution and a component may be localized on 
one computer and/or distributed between two or more com 
puters. 

0020. As used herein, the term “inference” refers gener 
ally to the process of reasoning about or inferring States of 
the System, environment, and/or user from a set of obser 
Vations as captured via events and/or data. Inference can be 
employed to identify a specific context or action, or can 
generate a probability distribution over States, for example. 
The inference can be probabilistic, that is, the computation 
of a probability distribution over states of interest based on 
a consideration of data and events. Inference can also refer 
to logical inferences, including deterministic techniques 
employed for composing higher-level events from a set of 
events and/or data. Such inference results in the construction 
of new events or actions from a set of observed events and/or 
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Stored event data, whether or not the events are correlated in 
close temporal proximity, and whether the events and data 
come from one or Several event and data Sources. 

0021 Referring initially to FIG. 1, a call routing and 
decision system 100 is illustrated in accordance with an 
aspect of the present invention. The system 100 includes an 
automated call routing system 110 that is routinely 
employed for providing automated responses 120 to one or 
more callers 130. These Systems include processing com 
ponents, Switching components, electronic directories, and 
asSociated Software Such as Speech recognition components 
for communicating with the callers 130 and routing calls to 
an identified individual at 140 (e.g., voice command indi 
cating individuals last name). If callers 130 have trouble 
making a connection with an individual or party, the call 
routing System 110 can connect to a human operator 144 to 
provide further assistance to the callers. 
0022. In accordance with one aspect of the present inven 
tion, one or more decision models 150 are employed with 
the call routing system 110 to facilitate efficient operations 
of the system 100, provide more efficient coupling between 
callers and respondents, and mitigate caller frustration when 
interacting with Such Systems. In one aspect, this achieved 
by training the decision models 150 via a data log 160 that 
has recorded data of past activities and interactions with the 
call routing system 110. Output from the decision models 
150 is then employed for call routing determinations. Such 
data includes Statistical information Such as how often 
Speakers have been found or not found, how often an 
operator has been requested and So forth wherein this data is 
described in more detail below with respect to FIG. 2. After 
the decision models have been trained, the call routing 
system 100 works in concert with the models to facilitate 
call routing between callers and individuals to be contacted. 
AS will be described in more detail below, the models 150 
can be employed in accordance with dynamic policies 
relating to the costs and benefits of Switching a caller to the 
human operator, for example. 
0023 Referring now to FIG. 2, a diagram 200 is illus 
trates Statistical data that is analyzed in accordance with an 
aspect of the present invention. Although various categories 
of data are depicted by the diagram 200, it is to be appre 
ciated that other categories of Statistics relating to call 
routing performance can be similarly analyzed (e.g., average 
amount of time to connect). To assess the overall perfor 
mance of the system described above with respect to FIG. 
1, over 250 megabytes of data logs covering a period of 
roughly one year was obtained. The log contained close to 
60,000 transcriptions of individual sessions with a call 
routing System, capturing respective System and caller 
actions. Some possible outcomes for a given Session are as 
follows: 

0024 SpeakFound: The system finds the name in the 
directory. 

0025 SpeakNotFound: The system infers that the 
perSon requested may not be in the directory, and 
routes the call to an operator. 

0026 OperatorRequest: The user requests an opera 
tor by pressing 0. 

0027) HelpRequest: The user tries to request help by 
pressing * or '#'. 
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0028 HangUp: The user quits during the session. 
0029 MaxErrrors: The system reaches the maxi 
mum number of allowed mistakes, and routes the 
call to an operator. 

0030) NotReady: The system is temporarily out of 
Service. 

0031 Undefined: The user tries to press a numeric 
key. 

0.032 The diagram 200 depicts an overall breakdown of 
all individual Sessions into their possible outcomes. Due 
primarily to the large list of employee names in a Sample 
company directory, a call routing System without associated 
models and policies achieved a dismal Success rate of 45%, 
corresponding to the percentage of SpeakFound outcomes 
where the System correctly identified the proper name with 
out the user attempting to request help from a human 
operator. The Success rate jumps to 66% when Session logs 
in which the caller did not even attempt to Speak a name are 
removed. The situations where no interaction is attempted 
disclose the unsettling fact that many callers are likely to 
completely bypassing interaction with the System. In fact, 
these “no-name' attempts comprised 31% of the entire data, 
85% of all OperatorRequest outcomes and 53% of all 
HangUp outcomes. In other words, roughly one out of every 
three callers decide to completely avoid interacting with the 
System unaided by attendant models. Alongitudinal analysis 
of no-name cases over Several months revealed that users 
appeared to be learning to immediately request a human 
operator. In fact, the correlation between a no-name situation 
and an "OperatorRequest outcome was significant at 
p=0.88. This correlation went up to p=0.90 after the engi 
neer responsible for the System added the phrase “for an 
operator, press '0' to the introductory prompt, which had 
the effect of instructing users how to avoid working with the 
automated System. These findings were employed to char 
acterize and optimize users’ experiences via the models 
described above to more effectively enable callers to interact 
with the automated call routing System. 
0033 Turning to FIG.3, one or more dialog features 300 
are illustrated in accordance with an aspect of the present 
invention. Call routing Systems typically treat policies for 
transferring users to an operator in an ad-hoc manner using 
handcrafted rules composed of various dialog features, Such 
as the number of questions asked So far in a Session. Rather 
than relying on intuition to construct the rules, the present 
invention builds probabilistic models from a large database 
of Session logs with the intention of discovering dialog 
features that were predictive of Success or failure. The dialog 
features employed for learning the models fall into four 
broad categories: 

0034 System and user actions at 310 (e.g., asking 
the user to pick between the top two guesses, the user 
has pressed a key, etc.) 

0035) Session summary features at 320 (e.g., num 
ber of name attempts detected, overall duration, etc.) 

0036) n-best recognitions features at 330 (e.g., range 
of confidence Scores assigned by the Speech recog 
nition Subsystem, mode, greatest consecutive Score 
difference, count of the most frequent first/last/full 
names, etc.) 
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0037 Generalized temporal features 340 (e.g., num 
ber of recurring first names that match in consecutive 
turns, etc.) 

0038. The n-best recognitions features 330 can be derived 
from a Speech recognizer, and the generalized temporal 
features 340 were included to cover trends between n-best 
lists. Using varying amounts of feature information, three 
classes of models (can be more or less than three) were built 
to estimate the likelihood that a Session with the call routing 
System would eventually end in Success or failure. 
0039) Referring now to FIG. 4, a probability tree 400 
showing the likelihood of Success given any Sequence of 
System actions is illustrated in accordance with an aspect of 
the present invention. Conditioning on a Sequence of actions 
taken by a call routing System System, a likelihood of 
Success can be determined, that is, p(SpeakFoundE), 
wherein observational evidence E refers to all system 
actions taken So far, by counting the number of cases along 
the action Sequence that resulted in Success over the total 
number of cases along the Sequence. The probabilities can 
be visually displayed as a tree 400 where each branch 
represents the system action, as shown in FIG. 4. 
0040 Table 1 below provides an expanded view of 
several dialog branches extracted from the tree 400, where 
in refers to the number of callers reaching that State in the 
data logs. According to the probability tree 400, the first 
System action Operator Introl, which gives a standard 
prompt but appends the phrase "For an operator, please press 
0', has only a 45% chance of Succeeding. Interestingly, if 
the System Subsequently asks the caller to repeat the entire 
name and then asks the caller to pick among three possible 
guesses, the likelihood of Success increases to 66%. The 
increased probability of Success for this initial interaction is 
atypical for dialog with the automated System as a whole. 
Typically, the longer the Sequence of actions or path along 
the tree, the leSS likely it is that Success will be achieved. 

TABLE 1. 

Expanded portion of several branches of the tree capturing probabilities 
of success given path. 

Operator Introl (p: 0.45, n: 51134) 
Operator Intross Repeat full name (p: 0.45, n: 20570) 
Operator Intross Repeat full name>> Confirm from 3 
(p: 0.66, n: 156) 
Operator Intross Repeat full name>> Confirm from 3 >> 
Repeat first name (p: 0.17, n. 24) 
Operator Intross Repeat full name>> Confirm from 3 >> 
Repeat first name >> Repeat first name (p: 0, n:8) 

0041. The advantage of the marginal probability tree 
model 400 is simplicity. The data that is required to build the 
tree 400 is a Sequence of System actions for respective 
Sessions and the ultimate outcome. AS we will be described 
in the following Section, the Sequence of System actions 
happens to be the most predictive factor in determining 
success. The drawback to this model 400 is that the longer 
the Sequence of actions, or path down the tree, the Sparser 
the set of cases for building robust predictors of the likeli 
hood of Success. 

0042 FIG. 5 illustrates a dependency network 500 for 
dialog features in accordance with an aspect of the present 
invention. Exploiting the four categories of dialog features 
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discussed previously, another aspect of the present invention 
employs a Bayesian Structure learning to build probabilistic 
models for predicting Session outcome. A Bayesian learning 
tool that performs structure Search and model Scoring for 
different predictive models given a data Set can be employed 
to learn a predictive model. As an example, the WinMine 
toolkit (Chickering et al. 1997) can be employed to build a 
dependency network and associated decision tree consider 
ing Session outcome and other dialog features as input 
variables. 

0043. The top five dialog features for predicting outcome 
are displayed in the diagram 500 in order of dependency 
Strength are as follows: (1) the sequence of System actions, 
(2) the count or number of alternates in the n-best recogni 
tions list, (3) the number of times the user attempted to speak 
a name, (4) the largest confidence score assigned by the 
System, and (5) the number of dialog turns-defined as a 
question-answer pair. 

0044) The dependency model 500 resonates with findings 
in the probability tree in that the dependency with the 
Strongest link to outcome is the Sequence of System actions. 
In the corresponding decision tree for the dependency net 
work, it was found that the first decision Split occurs when 
the System either does or does not identify the proper name 
after one confirmation attempt. If the confirmation is Suc 
cessful, then the likelihood of a SpeakFound session is 
almost certain at 99%. Otherwise, the decision tree 500 
considers other dialog features to predict Success. Consistent 
with the idea that the longer the Sequence of actions, the 
lower the chance of Success, it was found that two of the next 
five Strongest connections were related to the length of the 
dialog. The remaining three features were parameters output 
by the Speech recognizer. 

0.045 Given that the likelihood of Success is closely tied 
to the length of the dialog, analysis was directed at how the 
decision rule Split the fifth Strongest dependency, the number 
of dialog turns. Since the Split occurred at 2 dialog turns, the 
data set was divided by the number of turns and models were 
constructed for the first turn, Second turn, and greater than 
tWO turns. 

TABLE 2 

Top five dependencies for one dialog turn, two turns, and 
more than two turns. 

Model Top Second Third Fourth Fifth 

1 turn Number Range of Skewness Number Kurtosis 
of SCOCS of scores of dialog of scores 
alternates turns 

2 Number Redundant Number Redundant Count of 
turns of dialog first of last names n-Best 

turns acS alternates Lists 
>2 Number Number Session Sum of Number 
turns of names of dialog duration scores of 

heard turns alternates 

0.046 Table 2 displays the top five influencing variables 
for the respective dependency network models. Notice that 
for the first turn, almost all of the top five variables relate to 
the n-best recognition list generated by the Speech recog 
nizer, including the distribution characteristics of the con 
fidence Scores Such as Skewness and kurtosis. In moving to 
the Second turn, however, generalized temporal features 
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come into play, Such as the maximum number of times a first 
or last name from the first dialog turn shows up again in the 
Second turn. After two turns, the dialog features relate 
mostly to the length of the dialog. 

0047 Referring to FIG. 6, a Markov Dependency net 
work 600 in accordance with an aspect of the present 
invention. In order to flesh out features from the speech 
recognizer that might be predictive of performance in the 
next turn, temporal dependency networks for Markov pairs 
of n-best recognition list features were constructed. FIG. 6 
displays the Markov dependency network 600. Since the 
count or number of alternates in the n-best recognition list 
was consistently Selected to be one of the most Strongest 
dependencies, the dependency network shows how it is 
possible to predict the number of alternates in turn t from 
n-best list features in turn t-1. 

0048. In order to evaluate the predictive performance of 
the probabilistic models described above, the classification 
accuracy of the learned models was compared against a 
marginal model capturing the Overall run-time Statistics for 
the training Set. The models resulted from Splitting the 
original dataset 70/30 into training and holdout data Sets. AS 
the probabilistic models were targeted for guiding decisions 
about dispatch, the outcome variable was circumscribed into 
two possible classification States: Success verSuS failure, 
where success corresponds to the SpeakFound state. Table 3 
below presents the results of the classification task on the 
holdout data for models examining the first dialog turn, the 
Second turn, greater than two turns, and finally, the complete 
dataset. 

0049. The partial-dialog models outperform the full 
model as well as the marginal for respective dialog turn 
datasets with the highest accuracy on the first dialog turn at 
94% accuracy. The full model also achieves 85% on the 
complete dataset but provides poorer results when the 
dataset is decomposed by dialog turn. It is understood that 
increases in the amount of data can boost the partial models 
for dialog turn over the marginal models. 

TABLE 3 

Qlassification accuracy of the marginal, full, and partial-dialog models. 

Turn 1 Turn 2 Turn > 2. Complete 
Model (5792) (3741) (2652) (12185) 

Marginal O.6979 O.6867 O.5.199 O.6516 
Full 0.7029 O.699 O.3872 O.8514 
Turn 1 O. 9404 infa infa infa 
Turn 2 infa O.8083 infa infa 
Turn > 2. infa infa O.7164 infa 

0050 Beyond probing the probabilistic relationships 
among dialog behavior and Success, a goal of the present 
invention has been to harness the probabilistic models in 
dynamic decisions about the costs and benefits of shifting a 
caller to a human operator. Having access to probabilities of 
the eventual Success of a Session with an automated System, 
as a function of the observed State of a dialog, provides a 
control Surface enabling Such decision-making. 

0051 Qualitatively, probabilistic models with the ability 
to provide predictions about outcomes provide an immediate 
way for administrators of automated call routing Systems to 
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Specify preferences regarding the transfer of callers to a 
human operator. Such preferences can be represented as a 
tolerated threshold on failure as a function of the current 
expected time that callers will have to wait for a human 
operator, given the current load on operators. The probabi 
listic models can also be employed in call center design. 
Staffing decisions can be made with the overall System 
model, constructed by taking into consideration the proba 
bilistic performance of an automated System to route calls 
Successfully, preferences about wait time, characterization 
of caller Volumes, and the time required for addressing 
callers in a queue waiting for an operator. 
0.052 Systems and methods can be provided for handling 
the overall challenge of optimizing a call routing System 
design, based on a queue-theoretic formulation. In this 
invention, a decision-theoretic analysis is provided that 
minimizes the expected wait time for a caller, given obser 
Vations about the nature and progreSS of dialog with an 
automated System. 
0053 Assuming that the utility for a user, u(n,m,w), 
asSociated with the process of call routing, is a function of 
the number of dialog Steps taken So far with the automated 
System, n, the total additional expected number of Steps that 
will be taken for the current call with an automated routing 
System, m, and the wait time, W, associated with a transfer 
to a human operator should a transfer occur. It is noted that, 
in the general case, not only should the total time be 
considered, but the nature of the interaction Steps. AS an 
example, people may be extremely frustrated with the poor 
recognitions of the System, even if the Overall outcome is 
accurate. Beyond the number of turns and wait times, the 
utility of an interaction for a caller may be influenced by 
other factors. For example, callerS may have a negative 
emotional reaction to working with an automated System 
Versus a human operator. Such factors can be folded into a 
cost-benefit analysis of routing actions under uncertainty, 
considering the number and nature of each Step in a dialog. 
0054 FIG. 7 is a diagram 700 illustrating prior distribu 
tion of the expected number of dialog Steps conditioned on 
the Success of the automated call routing System. To con 
tinue the analysis from the discussion relating to FIG. 6, it 
can be assumed that the utility of an interaction is captured 
by the time cost of the interaction. The analysis can be 
generalized with a conversion of Steps to an effective total 
time of an interaction, where frustration is captured by 
increases in the effective total time of Specific Steps. Thus, 
in one class of Solutions, an assumption can be made that 
u(n,m,w) is captured by a measure of effective time, t(n,m, 
w)=t(n)+t(m)+w. 
0.055 The expected number of additional steps can be 
computed at each point in a dialog for the case where there 
is eventual Success with the use of the automated System, 
and the case where the automated routing fails for any 
reason (e.g., the user presses the “O'” key to access a human 
operator) and the user is immediately routed to a human 
operator. FIG. 7 displays the expected number of steps for 
Success at 0 Steps-the outset of an interaction. 
0056 The present invention employs p(xfer E.S) to refer 
to the probability that the interaction will eventually fail at 
Some point and the user will be immediately routed to a 
human operator at that point. At each point in an interaction, 
pre-compute and make available, p(xferE,S) and p 
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(Success|E.S)=1-p(xfer E.S.). Also pre-compute the probabil 
ity distributions, p(mE.xfer,S)-the probability distribution 
over the additional number of Steps given an eventual 
failure, p(mE.Success,S)—the probability distribution over 
the number of additional Steps given a Successful interaction 
with the automated System, and the expected number of 
Steps for each of these conditions, labeled <m> and <m">, 
respectively. 
0057 The expected additional wait time with continuing 
the automated interaction, t' at each point in a dialog under 
uncertainty in failure is as follows: 

t"=p(xferES) (t(<ms)+w)+(1-p(xferES)) t-n's) 
0058. The wait time associated with an immediate trans 
fer into the queue for interacting with a human operator is W. 
This time varies and the current value can be measured or 
estimated at any moment by measuring the average recent 
wait times, or by checking the queue of callers waiting for 
an operator. At the current position in a dialog, the expected 
wait time associated with continuing the automated interac 
tion versus making an immediate automated transfer to the 
waiting queue for a human operator can be compared. That 
is, continue to determine if t'>w. If the expected wait time 
is greater for continuing to engage the user with the auto 
mated System, then transfer the user to the queue for a 
human operator. 

Equation 1 

0059 Beyond taking a myopic analysis, the present 
invention can perform different amounts of look ahead, and 
invoke Equation 1 to compute the expected wait times at 
points further downstream in the dialog, folding in a con 
sideration of the uncertainty that the user will take different 
paths conditioned on the current path, and will Successfully 
reach each of the downstream points. Employing the deci 
Sion-theoretic measure promises to minimize the total wait 
time for users. 

0060 Also, the cost of handling a call with a human 
operator, C, for an organization and take an organizational 
perspective on decision making can be considered. Rather 
than just modeling the cost to a user in terms of time and 
frustration, the following, considers an organization's 
assignment of the utility as a function the cost of the 
handling of a call by a human operator, in addition to the 
organizations assessment of the cost associated with the 
user's time and frustration, 

Utility of call handling=p(xferES) u(t(n)+t(<m>)+w), 
C)+(1-p(xferES)) u(t(n)+t(<n's). 

0061. In this aspect, consider an organization's assess 
ment of a utility, u(t, C), capturing the overall cost as a 
function of the wait time that a caller experiences and the 
monetary cost of handling a call. Note that the cost may not 
be constant; evidence about a user's Selections and 
responses may be used to update a probability distribution 
over the cost p(CES), and the expected costs can be 
Substituted in Equation 2. 

Equation 2 

0062. As another extension, consider also the cost of a 
total failure of the communication, based on folding in the 
likelihood that a user will Simply hang up in frustration at 
each point in the interaction, as a function of the path they 
are on and the wait times in a queue. With this extension, the 
overall organization's consideration of the expected cost of 
handling a call is, 
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0.063. In this aspect, consider the organizations assess 
ment of a utility, u(t, C, outcome), of the cost as a function 
of the wait time that a caller experiences, the monetary cost 
of handling a call, and whether the call eventually is 
completed or fails with a disconnection. The loSS of a caller 
is denoted as p(fail|E.S). Such a utility model can be 
expanded to include more detailed modeling about whether 
a caller is lost to an organization forever or until another 
attempt is made. 

0.064 FIG. 8 illustrates a methodology for call routing 
and decision making in accordance the present invention. 
While, for purposes of Simplicity of explanation, the meth 
odology is shown and described as a Series of acts, it is to 
be understood and appreciated that the present invention is 
not limited by the order of acts, as Some acts may, in 
accordance with the present invention, occur in different 
orders and/or concurrently with other acts from that shown 
and described herein. For example, those skilled in the art 
will understand and appreciate that a methodology could 
alternatively be represented as a Series of interrelated States 
or events, Such as in a State diagram. Moreover, not all 
illustrated acts may be required to implement a methodology 
in accordance with the present invention. 

0065 Proceeding to 802, the present invention considers 
the various interactions and performance of a real-world 
Speech-recognition based on an automated call routing Sys 
tem. As noted above, this can include an analysis of the 
various System components and operator interactions affect 
ing one or more variables of system performance. At 804, 
data is gathered to determine various performance aspects of 
the System. This can include call answering Statistics, rout 
ing Statistics, Success or failure Statistics based on various 
factorS Such as the amount of time a caller has to wait before 
being directed into a queue to Speak with a human operator, 
for example. At 808, one or more probabilistic models can 
be constructed from the data that is employed to provide 
probabilities of different paths through the call routing 
System, including Such information as whether an interac 
tion with the automated system will be successful. At 812, 
a decision-theoretic analysis of the value of Switching to a 
human operator at different points in a user's interaction 
with the automated routing System is also provided. 

0066. With reference to FIG. 9, an exemplary environ 
ment 910 for implementing various aspects of the invention 
includes a computer 912. The computer 912 includes a 
processing unit 914, a system memory 916, and a system bus 
918. The system bus 918 couples system components 
including, but not limited to, the system memory 916 to the 
processing unit 914. The processing unit 914 can be any of 
various available processors. Dual microprocessors and 
other multiprocessor architectures also can be employed as 
the processing unit 914. 

0067. The system bus 918 can be any of several types of 
bus structure(s) including the memory bus or memory 
controller, a peripheral bus or external bus, and/or a local bus 
using any variety of available bus architectures including, 
but not limited to, 11-bit bus, Industrial Standard Architec 
ture (ISA), Micro-Channel Architecture (MSA), Extended 
ISA (EISA), Intelligent Drive Electronics (IDE), VESA 
Local Bus (VLB), Peripheral Component Interconnect 
(PCI), Universal Serial Bus (USB), Advanced Graphics Port 
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(AGP), Personal Computer Memory Card International 
Association bus (PCMCIA), and Small Computer Systems 
Interface (SCSI). 
0068 The system memory 916 includes volatile memory 
920 and nonvolatile memory 922. The basic input/output 
System (BIOS), containing the basic routines to transfer 
information between elements within the computer 912, 
Such as during Start-up, is Stored in nonvolatile memory 922. 
By way of illustration, and not limitation, nonvolatile 
memory 922 can include read only memory (ROM), pro 
grammable ROM (PROM), electrically programmable 
ROM (EPROM), electrically erasable ROM (EEPROM), or 
flash memory. Volatile memory 920 includes random access 
memory (RAM), which acts as external cache memory. By 
way of illustration and not limitation, RAM is available in 
many forms such as synchronous RAM (SRAM), dynamic 
RAM (DRAM), synchronous DRAM (SDRAM), double 
data rate SDRAM (DDR SDRAM), enhanced SDRAM 
(ESDRAM), Synchlink DRAM (SLDRAM), and direct 
Rambus RAM (DRRAM). 
0069 Computer 912 also includes removable/non-re 
movable, Volatile/non-volatile computer Storage media. 
FIG. 9 illustrates, for example a disk storage 924. Disk 
storage 924 includes, but is not limited to, devices like a 
magnetic disk drive, floppy disk drive, tape drive, JaZ drive, 
Zip drive, LS-100 drive, flash memory card, or memory 
Stick. In addition, disk Storage 924 can include Storage 
media separately or in combination with other Storage media 
including, but not limited to, an optical disk drive Such as a 
compact disk ROM device (CD-ROM), CD recordable drive 
(CD-R Drive), CD rewritable drive (CD-RW Drive) or a 
digital versatile disk ROM drive (DVD-ROM). To facilitate 
connection of the disk storage devices 924 to the system bus 
918, a removable or non-removable interface is typically 
used Such as interface 926. 

0070. It is to be appreciated that FIG. 9 describes soft 
ware that acts as an intermediary between users and the basic 
computer resources described in Suitable operating environ 
ment 910. Such software includes an operating system 928. 
Operating System 928, which can be Stored on disk Storage 
924, acts to control and allocate resources of the computer 
system 912. System applications 930 take advantage of the 
management of resources by operating System 928 through 
program modules 932 and program data 934 stored either in 
system memory 916 or on disk storage 924. It is to be 
appreciated that the present invention can be implemented 
with various operating Systems or combinations of operating 
Systems. 

0071. A user enters commands or information into the 
computer 912 through input device(s) 936. Input devices 
936 include, but are not limited to, a pointing device such as 
a mouse, trackball, Stylus, touchpad, keyboard, microphone, 
joystick, game pad, Satellite dish, Scanner, TV tuner card, 
digital camera, digital Video camera, web camera, and the 
like. These and other input devices connect to the processing 
unit 914 through the system bus 918 via interface port(s) 
938. Interface port(s) 938 include, for example, a serial port, 
a parallel port, a game port, and a universal Serial bus (USB). 
Output device(s) 940 use some of the same type of ports as 
input device(s) 936. Thus, for example, a USB port may be 
used to provide input to computer 912, and to output 
information from computer 912 to an output device 940. 
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Output adapter 942 is provided to illustrate that there are 
Some output devices 940 like monitors, Speakers, and print 
ers, among other output devices 940, that require Special 
adapters. The output adapters 942 include, by way of illus 
tration and not limitation, Video and Sound cards that provide 
a means of connection between the output device 940 and 
the system bus 918. It should be noted that other devices 
and/or Systems of devices provide both input and output 
capabilities Such as remote computer(s) 944. 

0.072 Computer 912 can operate in a networked envi 
ronment using logical connections to one or more remote 
computers, Such as remote computer(s) 944. The remote 
computer(s) 944 can be a personal computer, a server, a 
router, a network PC, a WorkStation, a microprocessor based 
appliance, a peer device or other common network node and 
the like, and typically includes many or all of the elements 
described relative to computer 912. For purposes of brevity, 
only a memory storage device 946 is illustrated with remote 
computer(s) 944. Remote computer(s) 944 is logically con 
nected to computer 912 through a network interface 948 and 
then physically connected via communication connection 
950. Network interface 948 encompasses communication 
networks Such as local-area networks (LAN) and wide-area 
networks (WAN). LAN technologies include Fiber Distrib 
uted Data Interface (FDDI), Copper Distributed Data Inter 
face (CDDI), Ethernet/IEEE 1102.3, Token Ring/IEEE 
1102.5 and the like. WAN technologies include, but are not 
limited to, point-to-point links, circuit Switching networks 
like Integrated Services Digital Networks (ISDN) and varia 
tions thereon, packet Switching networks, and Digital Sub 
scriber Lines (DSL). 
0073 Communication connection(s) 950 refers to the 
hardware/Software employed to connect the network inter 
face 948 to the bus 918. While communication connection 
950 is shown for illustrative clarity inside computer 912, it 
can also be external to computer 912. The hardware/soft 
ware necessary for connection to the network interface 948 
includes, for exemplary purposes only, internal and external 
technologies Such as, modems including regular telephone 
grade modems, cable modems and DSL modems, ISDN 
adapters, and Ethernet cards. 

0.074 FIG. 10 is a schematic block diagram of a sample 
computing environment 1000 with which the present inven 
tion can interact. The system 1000 includes one or more 
client(s) 1010. The client(s) 1010 can be hardware and/or 
Software (e.g., threads, processes, computing devices). The 
system 1000 also includes one or more server(s) 1030. The 
server(s) 1030 can also be hardware and/or software (e.g., 
threads, processes, computing devices). The servers 1030 
can house threads to perform transformations by employing 
the present invention, for example. One possible communi 
cation between a client 1010 and a server 1030 may be in the 
form of a data packet adapted to be transmitted between two 
or more computer processes. The system 1000 includes a 
communication framework 1050 that can be employed to 
facilitate communications between the client(s) 1010 and the 
server(s) 1030. The client(s) 1010 are operably connected to 
one or more client data store(s) 1060 that can be employed 
to store information local to the client(s) 1010. Similarly, the 
server(s) 1030 are operably connected to one or more server 
data store(s) 1040 that can be employed to store information 
local to the servers 1030. 
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0075) What has been described above includes examples 
of the present invention. It is, of course, not possible to 
describe every conceivable combination of components or 
methodologies for purposes of describing the present inven 
tion, but one of ordinary skill in the art may recognize that 
many further combinations and permutations of the present 
invention are possible. Accordingly, the present invention is 
intended to embrace all Such alterations, modifications and 
variations that fall within the spirit and scope of the 
appended claims. Furthermore, to the extent that the term 
“includes” is used in either the detailed description or the 
claims, Such term is intended to be inclusive in a manner 
Similar to the term “comprising as “comprising” is inter 
preted when employed as a transitional word in a claim. 
What is claimed is: 

1. An automated call routing System, comprising: 
an automated call routing component to route incoming 

calls to members of an organization and providing 
automated responses to one or more callers, and 

a decision model associated with the automated call 
routing component to mitigate transferring the calls to 
an operator. 

2. The System of claim 1, further comprising a speech 
recognition component for communicating with the callers. 

3. The system of claim 1, the decision model is trained 
from a data log that has recorded data of past activities and 
interactions with the call routing component. 

4. The system of claim 3, the data log contains data 
relating to at least one of a Speaker Found, a Speaker Not 
Found, an OperatorRequest, a Help Request, a Hang Up, a 
Maximum number of Errrors, a Not Ready indication, and 
an Undefined category. 

5. The System of claim 1, the decision model processes 
one or more dialog features including at least one of System 
and user actions, Session Summary features, n-best recogni 
tions features, and generalized temporal features. 

6. The System of claim 5, the n-best recognitions features 
are derived from a speech recognizer, and the generalized 
temporal features are included to cover trends between one 
or more n-best lists. 

7. The system of claim 1, the decision model employs a 
probability tree determining a likelihood of Success given a 
Sequence of System actions. 

8. The system of claim 7, the decision model determining 
p(SpeakFoundE), wherein observational evidence E refers 
to System actions taken, by counting a number of logged 
cases along an action Sequence that resulted in Success over 
a total number of cases along the Sequence, wherein p is a 
probability. 

9. The system of claim 1, decision model employs a 
dependency network that processes one or more categories 
of dialog features as input variables. 

10. The system of claim 9, the decision model processes 
at least one of a Sequence of System actions, a count or 
number of alternates in an n-best recognitions list, a number 
of times a user attempted to Speak a name, a largest Score 
assigned by a call routing System, and a number of dialog 
turns-defined as a question-answer pair. 

12. The System of claim 1, the decision model employs a 
Markov Dependency network. 

13. The System of claim 12, further comprising a com 
ponent to increase an amount of data in order to boost a 
partial model for dialog turns over a marginal model. 
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14. The system of claim 1, the decision model includes 
probabilistic models to perform dynamic decisions about 
costs and benefits of shifting a caller to a human operator. 

15. The system of claim 14, the probabilistic models 
provide predictions about outcomes to enable administrators 
of automated call routing Systems to Specify preferences 
regarding the transfer of callers to a human operator. 

16. The system of claim 15, the preferences are repre 
Sented as a tolerated threshold on failure as a function of a 
current expected time that callers have to wait for a human 
operator, given a current load on operators. The probabilistic 
models can also be employed in call center design. 

17. The system of claim 1, the decision model is 
employed to facilitate Staffing decisions by taking into 
consideration at least one of probabilistic performance of an 
automated System to route calls Successfully, preferences 
about wait time, characterization of caller Volumes, and time 
required for addressing callers in a queue waiting for an 
operator. 

18. The system of claim 17, the queue is optimized based 
on a queue-theoretic formulation. 

19. A computer readable medium having computer read 
able instructions Stored thereon for implementing at least 
one of the call routing component and the decision model of 
claim 1. 

20. A System that facilitates call routing, comprising: 
means for interacting with a caller; 
means for automatically directing the caller to a user; and 
means for performing a decision theoretic analysis before 

directing the caller to a user, the decision-theoretic 
includes a cost benefit analysis weighing the benefits of 
transferring the caller to an operator. 

21. A method for automatically routing calls, comprising: 
determining a utility model for employment with a call 

routing System; 
training the utility model from a log of past System call 

activities, and 
automatically directing calls to at least one of an organi 

Zation member and an operator. 
22. The method of claim 21, the utility model is applied 

to a user function, u(n,m,w), associated with a process of call 
routing, the user function is a function of a number of 
automated dialog Steps taken, n, a total expected number of 
Steps that will be taken with an automated routing System, m, 
and a wait time, W, for transferring to a human operator. 

23. The method of claim 22, further comprising process 
ing user frustrations. 

24. The method of claim 22, further comprising process 
ing negative emotional reactions to working with an auto 
mated System versus a human operator. 

25. The method of claim 22, further comprising perform 
ing a cost-benefit analysis of routing actions under uncer 
tainty, considering a number and nature of at least one Step 
in a dialog. 
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26. The method of claim 21, further comprising deter 
mining a utility of an interaction in accordance with a time 
cost of an interaction. 

27. The method of claim 26, further comprising general 
izing a conversion of Steps to an effective total time of an 
interaction, wherein frustration is captured by increases in an 
effective total time of Specific StepS. 

28. The method of claim 26, further comprising a pre 
computation that is performed to yield, p(XferE,S) and 
p(Success E.S)=1-p(XferE,S). 

29. The method of claim 26, further comprising a pre 
computation of probability distributions, p(mE.Xfer,S) and 
p(mE,Success,S) and an expected number of steps for con 
ditions, labeled <m> and <m">, respectively. 

30. The method of claim 21, further comprising deter 
mining an expected total wait time with continuing an 
automated interaction, t' at respective points in a dialog 
under uncertainty in failure as: 

wherein a wait time associated with a courteous imme 
diate transfer into a queue for interacting with a human 
operator is W. 

31. The method of claim 30, further comprising deter 
mining a utility of call handling as follows: 

32. The method of claim 31, further comprising deter 
mining the utility of call handling as follows: 

Utility of call handling=1-p(failE3) (p(xferES) 
u(t(n)+t(<m>)+W, C, success)+(1-p(xferES)(u(t(n)+ 
t(<m's).0, success)+p(failES) u(u(t(n)+t(<m>).0, fail). 

33. The method of claim 32, where cost of handling the 
call with a human operator C depends on needs or goals of 
the caller, and is inferred from evidence. 

34. The method of claim 32, further comprising deter 
mining expected costs via inference of a probability distri 
bution over Cost given evidence gathered so far, p(CE,S). 

35. The method of claim 21, further comprising providing 
online Sensing of current wait times for calls being trans 
ferred to a human operator. 

36. The method of claim 21, further comprising at least 
one of creating an end-to-end System that continues to at 
least one of log, monitor, and build models, and 

automatically Setting parameters, generating reports, and 
generating traces, for validation and auditing of actions. 

37. The method of claim 21 Supporting an application 
including at least one of touch-tone routing and Speech 
recognition. 


