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Abstract 
 
 

Comparing one thing with another is a typical part of human decision making process. How- ever, it  is  not 

always  easy  to  know  what  to compare and what are the alternatives. To ad- dress this difficulty,Contracts are 

legally binding descriptions of  business service engagements. In  particular, we  consider business events as 

elements of a service engagement. Business events such as purchase, delivery, bill payment, bank interest accrual not 

only correspond to essential processes but are also inherently temporally constrained. Identifying and understanding 

the events and their temporal relationships can help a business partner determine what to deliver and what to expect 

from others as it participates in the service engagement specified by a contract. However, contracts are expressed in 

unstructured text and their insights are buried therein. Our contributions are threefold. We develop a novel approach 

employing a hybrid of surface patterns, parsing, and classification to extract (1) business events and (2) their temporal 

constraints from contract text. We use topic modeling to (3) automatically organize the event terms into clusters. An 

evaluation on a real-life contract dataset demonstrates the viability and promise of our hybrid approach, yielding an 

F-measure of 0.89 in event extraction and 0.90 in temporal constraints extraction. The topic model yields event term 

clusters with an average match of 85% between two independent human annotations and an expert-assigned set of 

class labels for the clusters. 
 

Index Ter ms—Service engagements, Contract mining, pricing model, profit, queuing model, 
 
 

1 Introduction 
 

Comparing  alternative  options  is  one  essential step  in  decision-making  that  we  carry  out  every day. For 

example, if someone is interested in cer- tain  products  such  as  digital  cameras,  he  or  she would  want  to 

know  what  the  alternatives  are and  compare  different  cameras  before  making  a purchase.  This  type  of 

comparison activity is very common in our daily life but requires high knowledge skill. 
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Modern business service engagements are becoming increasingly more numerous and more complex. We consider 

service engagements in the broad sense. Thus we include not just traditional examples of service engagements, such 

as customer relationship management or business process outsourcing, but also other business interactions, such as 

manufacturing and software licensing. 
 

 
 

2. Existing System 
 

Traditional studies on  contracts have focused on  their representation, abstraction, execution, monitoring, and 

model-checking. In general, our approach does not address the challenges these studies pursue but would support 

such studies by helping identify the relevant events and temporal constraints. 

 

The broad problem tackled in this paper is to elicit requirements for service engagements. Since contracts are widely 

available in today’s business practice and provide a ready basis for service requirements, it behooves us to try to 

mine  contracts to  determine such  requirements. Despite  the  importance of  ex-  tracting  events  and  temporal 

constraints for service engagements, previous approaches have not tackled this task. This paper, first, formulates the 

problem of business events and temporal constraint extraction from contract text. Second, it shows how to solve the 

above problem by breaking it down into three subtasks. Further, it evaluates the methods applied to solve the three 

subtasks over a human-annotated gold standard dataset and obtains good results. 

 
Business events in contractual service engagements are distinct from other domains. First, their conno- tations are 

different. A contract usually is drafted and signed before the relevant business service en- gagement occurs; that is, a 

contract refers to future behaviors. In contrast, the events in other domains usually are descriptive of natural or 

social phenomena or scientific facts. Second, their scopes are different. Events from domains such as news [2] and 

biology typically focus on one narrow area and thus a tai- lored method may work well for each such specific task, 

whereas business events encompass many areas due to the diverse realms that service engagements deal with, e.g., 

manufacturing, licensing, supply, and employment. 

 

The bold text fragments—“be due and payable,” “cancel the Service,” “delete customer credit card information,” and 

“delete all other Merchant Information”—express business events and are significant to the contracted service 

engagement. Such events are associated with the commitments, permissions, and prohibitions [3] of the contracting 

parties. The underlined text fragments—“within ten (10) days of initiation of Service,” “before the end of the Initial 

or Renewal Term,” “14 days after You retrieve such information,” and “at the end of each calendar year”—place 

temporal constraints on the corresponding business events. The events may expire or become invalid when their 

temporal constraints do not hold. For instance, in the first example sentence above, the charges shall be due and 

payable within ten days of the initiation of Service; paying after ten days of the initiation of Service may breach the 

contract and potentially incur financial liability or lead to the cancellation of the service. 
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4 Related Works 
 

A typical service engagement contract contains parts such as header, definition, body, and sign off. At the core of a  

contract  are  the  clauses  specifying mu-  tual  expectations expressed as  normative relationships such  as 

commitments, powers, authorizations, pro- hibitions, and sanctions of the participating parties . Normative 

relationships express business rela- tionships among the parties to a service engagement and these normative 

relationships are built on top of business events. In English grammar, these normative expressions are often 

associated with modal verbs such as “shall,” “may,” and “must” . We use modal verbs as signals to signify the 

occurrence of business events. Signal words are widely used in information. 

After the initial cleanup, Algorithm 1 selects contract sentences that include the signal words as event can- didates, 

parses each candidate sentence to induce the grammar tree, then prunes the grammar tree, and finally builds a feature 

vector for each candidate using the features extracted from the grammar tree. 

 
 

5. Proposed System 
 

Milosevic present a contract monitoring facility. Their approach involves the Business Contract Language (BCL) as a 

way to represent and monitor contracts. Their focus is on the technical aspects of representing and monitoring 

contracts. However, since BCL is includes the notions of events and temporal constraints, one can conceivably use an 

approach such as ours to help create a BCL specification based on a contract describing a service engagement. 

 
 
MODULES: 

1.           BUSINESS EVENT EXTRACTION 

2.           EVENT TERM CLUSTERING 

3.           TEMPORAL CONSTRAINTS EXTRACTION 

4.           Annotator 
 

 
 
Modules Description 
 

 
1.           BUSINESS EVENT EXTRACTION 

 

 
A typical service engagement contract contains parts such as header, definition, body, and sign off. At the core of a 

contract are the clauses specifying mutual expectations expressed as normative relationships such as commitments, 

powers, authorizations, prohibitions, and sanctions of the participating parties . Normative relationships express 

business relationships among the parties to a service engagement and these normative relationships are built on top of 

business events. In English grammar, these normative expressions are often associated with modal verbs such as 

“shall,” “may,” and “must”. We use modal verbs as signals to signify the occurrence of business events. Signal words 

are widely used in information extraction and serve as clues for locating the extraction context. 
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2.           EVENT TERM CLUSTERING 
 

 
Business events in service engagements naturally fall into categories such as product delivery, payment, and natural 

hazards. Automatically discovering the event categories can help us better organize events in different service 

engagement domains. Further, it would help complete the full knowledge discovery cycle by beginning from raw text 

and ending with automatically discovered event categories. 

Classification and clustering are widely applied to categorize text. Classification methods are supervised, so a training 

dataset needs to be built manually beforehand that predefines the categories. However business events found in 

contracts cut across numerous service engagement domains, with potentially different categories across domains. For 

example, in licensing contracts, the event categories may be of patent infringement, financial payment, and product 

licensing. And, in leasing contracts, the event categories may be of property management, rent payment, and eviction. 
 
 
 

 
6 Conclusions 

 

We studied contracts as specifications of service engagement. Business events and temporal constraints are crucial 

to enacting a service engagement, therefore extracting them is essential for each party to an engagement to ensure it 

is being enacted correctly. Business events and constraints can be automatically analyzed to determine whether a 

potential service engagement is well-formed. Moreover, each party can check if the engagement is acceptable given 

its  individual  goals.  Importantly, our  techniques  work  on  real-life  contracts  and  can  thus  facilitate  service 

engagements that arise in practice. Our classification-based extraction yields F-measures in the high 80% range and 

vocabulary clustering yields a 85% match with the gold standard. 

We plan to extend our tool suite. It would be interesting to discover the dependency relationships across business 

events, e.g., if one event is a prerequisite of another. In the case of manufacturing, a down payment may be a 

prerequisite for product delivery and installment payments for continued product supply. Interlocked events form a 

network of business activities and lay the foundation for effective service engagements as a basis for successful 

commerce. 
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