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Analyzing transcripts of conversation between at least tWo 
users by receiving input information from a ?rst user via a 
voice call; creating conversational transcripts from the infor 
mation received from the ?rst user; selecting at least one 
de?ned situation from a list of de?ned situations; identifying 
the selected situation in the conversational transcripts; iden 
tifying a set of procedural sequences by comparing the at least 
one identi?ed situation in the conversational transcripts With 
knowledge derived from a corpus of historical conversational 
transcripts; and providing the set of procedural sequences to 
the ?rst user. 
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Sequence Mining on Call Corpora 
Corpus = Total Collection of Calls; 
Cluster Corpus by K-Means (K=K) to get Collections of Calls C = {C1, C2, Ck}; 
For (i=1;i<=k;i++){ 

DSAi = { p|1>(c ds 0,) st. p ‘33 cAgent} 
= { p|1)(C ‘* SI. p ‘£’ CCustomer} 

Let Al be the clusters obtained using 
K-Means on DSAi with K=max(|DSAi|/10,10) 
Let Ci= be the clusters obtained using 
K-Means on DSCiwith K=max(|DSAi|/10,10) 
For (every c * C,-){ 

Assign a sequence 80 to c 
|Sc| = number of sentences in c; 
fOr(/'=0; j < lScl; j++){ 
s =]“1 sentence of c; 
if(s % cAgent) 

Sc[j] = cluster in A,which contains 5; 
else if(s % ccustomer) 

Sc[j] = cluster in B,which contains 5; 

SP = distinct & frequent sequences from the set of sequences { SCI c$ Ci} 
MinSupport = max(4 calls, 5% calls) 

Output <representative terms for C,-, SP> 

Figure 5 
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METHOD OF ANALYZING 
CONVERSATIONAL TRANSCRIPTS 

FIELD OF THE INVENTION 

[0001] This invention relates to a method of analyZing con 
versational transcripts, preferably textual conversational 
transcripts, and in particular to analyzing and processing of 
unstructured data in such conversational transcripts. 

DESCRIPTION OF THE RELATED ART 

[0002] Call centers are centralized of?ces for the purpose of 
receiving and transmitting a large volume of requests by 
various communication channels like telephone, emails, and 
instant messages. A call centre is operated by a company to 
administer various types of support or information inquiries 
from customers. This call center model is becoming popular 
because it alloWs companies to be in direct touch With their 
customers. In such call centers a typical call center agent 
handles tens to hundreds of calls per day depending on the 
complexity of the issues that the agent is required to 
addresses. HoWever, With advances in the area of speech 
recognition and the Widespread deployment of speech recog 
nition technology in call centers, relatively large volumes of 
data are produced everyday in the form of call transcripts. 
This is in addition to the data produced as a part of the process 
Which include e-mail, instant messages (IM), reports from the 
agent, customer satisfaction surveys etc. In the sequel, the 
conversation (call) transcripts includes transcripts of conver 
sations through various media like audio calls and IM/Web 
chat. 
[0003] A typical call that an agent Would receive and 
respond to at a call center consists of various phases. For 
example, a call to a call centre agent broadly consists of the 
folloWing three phases: introduction part betWeen the agent 
and the customer, seeking information about the problem, and 
providing solution to the problem of the customer. Agents in 
call centers typically use keyWord search over manually 
authored knoWledge bases to obtain useful information that 
could help them to solve the problem faced by the customer. 
The utility of such a system is limited by the smartness of the 
agent to enter the right keyWords. 
[0004] Knowledge authoring, or the act of populating the 
knoWledge base is done manually. Because they are manually 
authored, these knoWledge bases can not quickly adapt to the 
various kinds of neW problems that arise during the course of 
time. Moreover, manual augmentation of such knoWledge 
bases Would consume tremendous manpoWer and may not be 
exhaustive. Identi?cation of undocumented and effective 
sequences of steps Would be impossible in the case of manual 
authoring of knoWledge bases. 
[0005] Without a Way to improve the method of analyZing 
call transcripts, the promise of this technology may never be 
fully achieved. 

SUMMARY OF THE INVENTION 

[0006] According to a ?rst aspect of the invention thereof, 
is described a method for analyZing transcripts of conversa 
tion betWeen at least tWo users. Typically the call center agent 
is con?gured to receive input information from ?rst user 
(customer, etc.) via a voice call. After receiving the call, 
conversational transcripts are created from the information 
received from the ?rst user. Once the conversational tran 
scripts have been created at least one de?ned situation from a 
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list of de?ned situations is selected. The selected situation is 
identi?ed in the conversational transcripts. After the situa 
tions has been identi?ed, a set of procedural sequences is 
identi?ed by comparing the at least one identi?ed situation in 
the conversational transcript With knoWledge derived from a 
corpus of historical conversational transcripts, Which are 
preferably available in a corpus. The set of procedural 
sequence is provided to the ?rst user. In a further embodi 
ment, the set of procedural sequence may be provided to the 
second user (call center agent) and the second user can pro 
vide the procedural sequence to the ?rst user. 
[0007] According to a second aspect of the invention 
thereof, is a method for creating a document of procedural 
sequences from information received via an input call. Typi 
cally the call center agent is con?gured to receive input infor 
mation from ?rst user (customer, etc.) via a voice call. After 
receiving the call, conversational transcripts are created from 
the information received from the ?rst user. Once the conver 
sational transcripts have been created, at least one de?ned 
situation from a list of de?ned situations is selected. The 
selected situation is identi?ed in the conversational tran 
scripts. After the situations have been identi?ed, a set of 
procedural sequences is identi?ed by comparing the at least 
one identi?ed situation in the conversational transcript With 
knoWledge derived from a corpus of historical conversational 
transcripts, Which are preferably available in a corpus. On 
negative determination, i.e., When the identi?ed situation is 
not found in the historical conversational transcripts, the sec 
ond user (call center agent) is prompted to create a document 
comprising a set of procedural sequences and add the set of 
procedural sequences into a repository. The document created 
is authored by the second user and such a document that is 
added into the repository can be advantageously used in iden 
tifying situations and providing procedural sequences to the 
identi?ed sequences from the input call of the ?rst user. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 illustrates an exemplary embodiment of a 
method of analyZing call transcripts in accordance With this 
invention. 
[0009] FIG. 2 illustrates an exemplary embodiment of ana 
lyZing conversational transcripts and generating documents. 
[0010] FIG. 3 illustrates an exemplary embodiment an ana 
lyZing conversational transcripts. 
[0011] FIG. 4 illustrates an exemplary embodiment of call 
processing using a clustering algorithm. 
[0012] FIG. 5 illustrates an exemplary embodiment an 
algorithm used in sequence mining on call corpora. 
[0013] FIG. 6 illustrates an exemplary embodiment of 
authoring neW knoWledge and updating the knoWledge base. 

DETAILED DESCRIPTION 

OvervieW 
[0014] Collections and analysis of call transcripts are typi 
cally very diverse in the kind of predicament they address. 
The call transcripts are clustered initially to arrive at topical 
collections, Which are collections of calls addressing a spe 
ci?c issue, Where such topical collections are more homoge 
neous in nature and can be advantageously used for analysis 
of the call transcripts. Each such topical collection of calls is 
further split into tWo subsets, that of second user (hereinafter 
referred to as call center agent or simply agent) sentences and 
?rst user (also referred to as a customer) sentences. The tWo 
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subsets are further clustered to build clusters Which possibly 
containing sentences representative of similar procedural 
steps, Where each cluster thus describes a sub-procedural 
step. An entropy-based measure to quantify the quality of a 
sub-procedural cluster is de?ned, and the entropy is used to 
measure the cluster quality and to re?ne clusters until good 
quality clusters are found. Once these clusters are obtained, 
each call in the topical collection can noW be represented as a 
sequence of such clusters. The collection of calls, represented 
as sequences, are subjected to frequent pattern mining to 
discover frequent procedural sequences for a topical collec 
tion. Representative distinctive procedural sequences are 
determined from these frequent sequences, using for 
example, techniques such as leader clustering algorithms. 

Method of Analysing Conversational Transcripts 

[0015] FIG. 1 illustrates an exemplary embodiment of a 
method 1 00 Which is the integrated approach of analyZing call 
transcripts. In 120, the method involves performing cluster 
ing of the corpus of call transcripts in order to group related 
text segments. Each group of segments discovered in 120 is 
represented by a representative syntax in 130. These groups 
of segments are also referred to as the sub-procedure text 
segments (STPS). In 140, the calls are represented as a 
sequence of STPS. Once the calls have been represented as a 
sequence of STPS, in 150 mining is performed on the 
sequence to determine the frequent sequences across the 
calls. After this, in 160 a clustering algorithm such as 
CAARD is used to get distinct and long sequences from the 
sequences that are mined and the results are used in subse 
quent embodiments. 
[0016] Reference is noW made to FIG. 4 Which illustrates, 
in more details, an exemplary embodiment of a method 400 
Which is the integrated approach of analyZing call transcripts. 
In 410, the method involves performing clustering of the 
corpus of call transcripts in order to ?nd topic-speci?c clus 
ters S,- of calls received. In 420, each cluster Sl- collects the set 
of agent (second users) sentences Al- and the Customer sen 
tences (?rst users) Ci. In 430, the sentences Al. and CI. p 
clustered to ?nd the sub-procedure text segments (STPS). In 
440 the entropy Which de?nes the quality of the STPS is 
computed and in 445 a check is made on the entropy value, 
Which gives the quality of the STPS. If the entropy value 
computed is not good, i.e., does not satisfy a prede?ned 
criteria, in 450 the clustering parameters are changed and the 
430 is repeated until the entropy value of the STPS computed 
is good, i.e., above a prede?ned threshold. In 445, if the 
entropy value is determined to be good, i.e., above a pre 
de?ned threshold then, in 460, the calls are represented as a 
sequence of cluster labels. Once the calls have been repre 
sented as a sequence of cluster labels, in 470 mining is per 
formed on the sequence to determine the frequent sequences 
across the calls 8,. After this, in 480 a clustering algorithm 
such as CAARD is used to get distinct sequences from the 
sequences that are mined and the results are output to the ?rst 
user. The output from the algorithm may be provided directly 
to the customer or via the agent to the customer. 
[0017] While clustering the textual segments in the corpus 
of the historical conversational transcripts, the historical tran 
scripts are organiZed into groups and conversational tran 
scripts in accordance With prede?ned criteria, and the groups 
of conversational transcripts to obtain groups of related tex 
tual segments. While clustering groups of conversational 
transcripts to obtain groups of related documents, at least tWo 
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set of documents from the groups of documents correspond 
ing each belonging to the customer and the agent are gener 
ated. Typically, a K-means clustering is performed on the 
corpus to obtain groups of conversations on a single topic, to 
extract coherent and meaningful SPTS from the conversation 
transcripts. For each such topical cluster, the set of agent 
sentences and customer sentences are collected separately, 

and they are clustered adaptively in accordance With 145, 
until good quality SPTS are obtained. 

[0018] In a further embodiment, in order to make the output 
more readable, each SPTS cluster is represented by sentences 
that characterize the cluster. These characteristic sentences 
can be obtained using one of text summariZation algorithms. 
The descriptive and discriminative Words from the sentences 
in the cluster are used to describe the cluster. Descriptive 
Words are those that contribute mo st to the average similarity 

among the calls in the cluster. Discriminative Words are those 
that are more prevalent in the calls in the cluster as compared 
to the rest of the calls. 

To Provide Information to the Call Participants 

[0019] FIG. 2 illustrates an exemplary embodiment of a 
method 200 of analyZing call transcripts in accordance With 
the claimed invention. In 210, an input call is received from a 
customer by an agent. On receiving the call, for example an 
input voice call, call via an instant messenger, call via email or 
other means knoWn to a person skilled in the art, preferably a 

voice call, in 220 conversational transcripts are created from 
the information received from the call of the customer. After 
creating conversational transcripts, in 230 at least one de?ned 
situation is selected from a list of de?ned situations, Where 
each situations is uniquely de?ned by a set of parameters. In 
240, from the set of de?ned situations that are derived from 
the conversational transcript, at least one situation is selected. 
This selection can be based on a threshold value Which has 

been prede?ned. Once a selected situations in the conversa 
tional transcripts has been identi?ed in 240, a set of proce 
dural sequences is identi?ed by comparing the at least one 
identi?ed situation in the conversational transcript With 
knowledge derived from a corpus in 100, for example a set of 
distinct and long frequently occurring subsequence of STPS 
as in 160. Once the set of procedural sequences has been 
identi?ed, in 170, the customer is provided With the identi?ed 
procedural sequences, either directly or via the agent. 

To Author NeW Information to Include in Knowledge-Base 

[0020] FIG. 3 illustrates an exemplary embodiment of a 
method 300 of analyZing the call transcripts in order to deter 
mine and author neW information to incorporate in an already 
existing knoWledge-base. In 320, conversational transcript of 
the received call is created. From the conversational tran 
script, at least one de?ned situation in the list of de?ned 
situations is identi?ed in 330. In 340, the identi?ed situation 
is compared With the knoWledge repository derived from the 
historical conversation as in 100. Once identi?ed situation is 
not found in knoWledge repository, a neW document compris 
ing a set of procedural sequences is created and added to the 
knoWledge repository. 
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Determining the Quality of the Cluster 

Call Entropy: A Measure of Scatter for a Call 

[0021] A typical call consists of a sequence of information 
exchanges and assumes that there exist some sentences in a 
conversation that re?ect sub-procedures steps. The goodness 
measure (hereinafter referred to as goodness) of the SPTS 
cluster can be partially judged by the frequency of calls that 
contains sentences from each SPTS cluster, and the number of 
calls the sentences in each SPTS cluster are scattered into. 
This intuition is quantitatively captured by de?ning entropy 
of a call With respect to the SPTS clusters. Let, Call1 be 
represented by the sequence <C2, C1, C5, C6, C4> and Call2 
by the sequence <C3, C5, C5, C3, C5>. As is obvious from the 
representation, Call1 is more scattered than Call2. The 
entropy measure is used to measure the scatter of a call. Let, 
EC(c) represent entropy With respect to a given set C of SPTS 
clusters. The entropy measure is computed using Eq. (1): 

E C(C):2idi lOg(d,-), (1) 

Where in Eq. (1), d,- is the fraction of the call C in a cluster i. 
For example, for the clusters numbered C l to C6, E(Call1):0. 
6989, and E(Call2):0.29. 

Normalized Entropy: Adaptation to Compare Calls Across 
Cardinalities 

[0022] Entropy is satisfactory measure to compare calls of 
the same cardinality. Consider the case of Call3 Which is <C1, 
C2> and Call4 Which is <C1, C1, C1, C1, C2, C2, C2, C2>, 
Which have the same entropy. Therefore, Call3 should have a 
higher score since it is scattered across as many clusters as it 
can be. Thus, a Normalized Entropy (NE) is proposed Which 
is a better measure of scatter of the call. NE of a call c With 
respect to a set C of clusters is de?ned as 

Where in Eq (2), |c| is the length of the call c. Normalized 
Entropy Would lie betWeen a value betWeen 0 and 1 since 
lo g(| c | ) is the maximum value that Normalized Entropy takes. 
Call3 Would have an NE value of l .0 and Call4 Would have an 
NE value of0.333. 

Quality Measure for a Clustering on a Collection of Calls 

[0023] Thus, a quality measure for a given set C of clusters 
is de?ned using the normalized entropy of all the calls in the 
corpus R, as the cardinality Weighted average of NE values 
for calls as de?ned in Eq. (3): 

Important properties of the NE measure: 
[0024] NE increases With the number of clusters 

because, there are more clusters for a given call to get 
scattered into. 

[0025] For a given number of clusters and an approxi 
mately equal number of data elements, NE decreases 
With the increase in average call length. This is due to the 
increased probability of tWo steps (in the call) getting 
mapped to the same cluster With increase in the length of 
a call. 

NE is parameterized by both the clusters and the corpus. 
Hence, a comparison can be made betWeen the clustering 
algorithms by their NE values on various corpora, and differ 
ent corpora by their NE values When subjected to the same 
clustering technique. HoWever, the characteristics of the NE 
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function outlined previously leads to tWo important require 
ments for NE value based comparison. The clusters to be 
compared should have roughly same values for the folloWing 
ratios 

[0026] Sentences ratio: Number of sentences to be clus 
tered/N umber of clusters 

[0027] Call length ratio: Average Call Length/Number of 
clusters 

Analysis of Corpus Homogeneity Using NE Measure 

[0028] A corpus of call collections Would contain calls 
pertaining to diverse issues. A clustering of agent sentences 
and customer sentences of such a corpus, Would lead to topic 
type clusters than SPTS clusters. A homogeneous corpus 
could be expected to give better SPTS clusters than a more 
diverse collection, based on the assumption that the larger 
dissimilarities (Which are topic -level) have to be eliminated in 
order to expose the lesser (SPTS) dissimilarities to the clus 
tering algorithm. Therefore, in this invention it is hypoth 
esized that NE of the clusters increases With the homogeneity 
of the corpus of calls to be clustered. 

Mining of STPS Cluster Sequences 

Frequent Sequences 

[0029] This describes the technique of extracting useful 
information from the call sequences by means of frequent 
sequence mining. Mining sequential patterns from data is 
Well known to a person skilled in the art. Algorithms available 
in the art can be used to ?nd frequent sequences from the set 
of call sequences. HoWever, these algorithms result in many 
redundant sequences. Hence, summarization techniques like 
CAARD to ?nd long and distinct sequences can be advanta 
geously used. Such a sequence mining approach 300 has been 
illustrated in FIG. 3 Where in accordance With this invention 
distinct frequent sequences can be extracted. 

Calls as Cluster Sequences 

[0030] Let, {C1, . . . , Cn} be the clusters of sentences 
corresponding to customer and {A1, . . . , Am} be that to 

agents. Each call is represented by a sequence of those clus 
ters to Which sentences in the call belong to. For example, 
<START,A2, C1,A4, C4, END> represent a call Where the ?rst 
sentence in the call, Which is in A2, Was spoken by agent, 
second sentence, Which is in C1, is spoken by customer, and 
so on. Without any loss of generality it can be assumed that 
the call consists of sentences belonging to As and Cs altema 
tively as illustrated in FIG. 4. FIG. 4 illustrates an exemplary 
embodiment 400 of splitting calls received as inputs into 
agent sentences and customer sentences, clustering these sen 
tences and representing calls as a sequence of clusters. Con 
secutive sentences by the same person can be combined into 
a single sentence. Once the distinct sequences of SPTS clus 
ters, these sequences are added to the procedure repository 

EXAMPLES 

Agent Prompting Application using SPTS Cluster Sequences 
Repository 
[0031] Consider, an agent prompting application is an 
online process as illustrated in FIG. 5, consisting of extraction 
of procedures from a voice call. AnASR (Automatic Speech 
Recognition) system at any time during the call has the tran 
script of the call up to that point in time. A call transcript to the 
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procedure matcher happens periodically in the call (say, once 
in 30 seconds or so), where the procedure matcher ?nds the 
closest matching procedure(s) from the repository of proce 
dures, as described by the method in accordance with this 
invention previously, to the call transcript. The matched pro 
cedure(s) is (are) displayed to the agent. The agent would be 
able to take clues from the displayed matching procedure(s) 
to decide on actions to be taken in the remaining part of the 
call. 
[0032] Assume that a laptop help-desk agent receives a call 
on resetting a user password. There could be two ways of 
resetting the user password in Windows OS: 

[0033] l. pressing Ctrl+Alt+Delete and press on change 
password button to change the password, and 

[0034] 2. opening control panel, clicking on “user 
accounts” icon to change the password. 

These two procedures if present in the procedure database are 
retrieved and shown to the agent while taking the call on user 
password resetting in Windows OS 

Knowledge Authoring Application using SPTS Cluster 
Sequences Repository 

[0035] The Knowledge Authoring application is an of?ine 
process aimed at capturing any new knowledge which has not 
been recorded in the procedure DB for possible inclusion into 
the knowledge base. FIG. 3 illustrates an exemplary embodi 
ment of use of extracted procedures in knowledge authoring. 
This is a semi-supervised process where whether or not the 
suggested new knowledge is worthy of inclusion into the 
knowledge base is left to the discretion of the knowledge 
author. 
[0036] For example, suppose a laptop helpdesk agent, 
while conversing with a customer, has diagnosed and ?xed an 
unknown problem or diagnosed a known problem but ?xed 
the problem in a way that is not captured in the knowledge 
base that he typically uses. If this type of the call is discovered 
then, the person who is responsible for maintaining the 
knowledge base, could generate a document related to this 
call, capturing the new knowledge and store the new knowl 
edge in the knowledge base. After completion of a call, the 
call transcript is fed into the procedure matcher that ?nds 
procedure that match with the call (based on a threshold). If 
matching procedure for the call is not found, the knowledge 
author is prompted to possibly include the new knowledge 
captured into a document format and then updated into the 
knowledge base. 
[0037] Although the invention has been described with ref 
erence to the embodiments described above, it will be evident 
that other embodiments may be alternatively used to achieve 
the same object. The scope of the invention is not limited to 
the embodiments described above, but can also be applied to 
software programs and computer program products in gen 
eral. It should be noted that the above-mentioned embodi 
ments illustrate rather than limit the invention and that those 
skilled in the art will be able to design alternative embodi 
ments without departing from the scope of the appended 
claims. In the claims, any reference signs should not limit the 
scope of the claim. The invention can be implemented by 
means of hardware and software comprising several distinct 
elements. 
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1-11. (canceled) 
12. A method for creating a document of procedural 

sequences, the method comprising: 
receiving input information from a ?rst user; 
creating conversational transcripts from the information 

received from the ?rst user; 
identifying at least one de?ned situation in the list of 

de?ned situations from the conversational transcripts; 
comparing the situations with knowledge derived from 

historical conversational transcripts in a corpus; 
on negative determination 

creating a document comprising a set of procedural 
sequences; and 

adding the document created to a repository; and 
prompting a second user on creating a set of procedural 

sequences based on the de?ned situation 
wherein knowledge derived from a corpus of historical 

conversational transcripts comprises: 
clustering textual segments in the corpus of historical 

conversational transcripts into groups of related tex 
tual segments: 

representing each of the groups of related textual seg 
ments by a representative syntax: 

forming a sequence of representative syntax for each 
historical conversational transcript in the corpus: 

?nding frequently occurring sub sequences from the 
sequences of representative syntax; and 

?nding distinct and long frequently occurring sub 
sequences from the frequently occurring sub 
sequences, 

wherein clustering the textual segments in the corpus of 
historical conversational transcripts further comprises: 
organiZing the historical conversational transcripts into 

groups of conversational transcripts according to a 
de?ned criteria; and 

clustering the groups of conversational transcripts to 
obtain groups of related textual segment, 

wherein clustering groups of conversational transcripts to 
obtain groups of related documents further comprises: 
generating at least two sets of documents from the 

groups of conversational transcripts, wherein each of 
the sets of documents corresponds to at least one of 
the users, 

wherein each of the representative syntax comprises a seg 
ment of conversational transcripts belonging to each of 
the group of related textual segments, 

wherein each of the representative syntax comprises a set 
of frequent and distinct words in each of the group of 
related textual segments, 

wherein ?nding distinct and long frequently occurring sub 
sequences is performed by a clustering algorithm 
belonging to the class of leader clustering algorithm, 

wherein the corpus of historical transcripts comprises a 
repository, and 

wherein clustering textual segments in the corpus of his 
torical conversational transcripts into groups of related 
textual segments comprises utiliZing a set of con?g 
urable cluster parameters to cluster the textual segments 
based on normalized entropy values. 

13-21. (canceled) 


