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Abstract

In electronic commerce over the Internet, business transactions are fre-
quently long-duration activities, exhibit complex interaction dependencies,
and are prone to failures or unpredictable situations. As an adaptive en-
gineering approach to developing flexible and reliable electronic commerce
systems, we present the distributed transactional activity model (TAM) in
this paper and report our experience in designing and implementing TAM.
A distinct feature of this approach is the utilization of a family of dynamic
activity restructuring operations that allow ongoing transactional activi-
ties to bypass some unexpected execution bottlenecks, and the notion of
validity that provides correctness guarantees for the activity restructuring
operations. Another advantage of TAM is its facilities that help business
process designers to deal with business structure changes adaptively and
incrementally. Our implementation method is based on component tech-
nology and using plug-in adaptors on top of commercial OLTP systems.
We argue that TAM, its dynamic activity restructuring operations, and our
implementation method together provide a viable and practical foundation
towards effectively building and efficiently managing electronic commerce
applications.

1 Introduction
Electronic commerce (EC) has remarkably reshaped today’s business prac-

tices. Businesses are taking advantage of the unique characteristics of on-
line trading (e.g., reduced costs in supply distribution and goods delivery,

decreased length of product development cycles; flexible transaction val-
ues, etc.) to create modern business models and service offerings. At the
same time, the increased flexibility and potential appeals of online business
practices have put forward the need for design and development of flexible
and reliable EC systems and toolkits. In our view, a flexible and reliable
electronic commerce system should provide supporting mechanisms for dis-
tributed commerce transactions that not only ensure timing deadlines and
direct trusts but also address consistency in concurrent data sharing, re-
silience to unexpected failures, and efficiency guarantee in the presence of
unpredictable situations. More concretely, a modern electronic commerce
system needs to address questions such as:

e How can an EC system provide consistency guarantees that are resilient
to unexpected failures and concurrent data sharing?

In traditional business settings, many business processes are handled
by humans based on papers. Traditional transactions carried out by
online transaction processing (OLTP) systems only represent a small
portion of an entire business process. These classical transactions are
typically short in duration, and involves a relatively small number
of well-defined operations on corporate data. In contrast, a typical
electronic commerce application often spans an entire business prac-
tice (e.g., from the procurement of supplies to the delivery of goods
to consumers), and involves frequent human and computer interac-
tions. The distinct characteristics of commerce transactions include
long-durations, complex interaction dependencies, and vulnerability
to failures or unpredictable situations, such as network congestion,
connection delays, or server breakdowns. Thus, one of the big chal-
lenges for building flexible and yet reliable EC systems is to provide
system-automated mechanisms to shield the end-users from any ex-
plicit handling of recovery and concurrent task synchronization in the
presence of unexpected events or failures.

e How can a modern EC system assist business process designers in build-
ing flexible, reliable, and adaptive business models?

Electronic commerce has made it possible for new business models to
be deployed and new features to be added into existing business prac-
tices, introducing greater flexibility into the enterprise business infras-
tructure than ever before. For example, an online merchant may want
to provide both traditional payment schemes (e.g., by credit card) and



various new payment schemes (e.g., digital cash). Similarly, the mer-
chant may want to support multiple payment-delivery relationships,
such as payment before delivery (e.g., for ordering a computer) or
multiple payment/delivery sequence (e.g., for playing online games).
Such dynamic nature of electronic commerce applications adds extra
complexity to design and development along two dimensions: On one
hand, it is often difficult to foresee all the functionalities or services
required and to be required, and thus difficult to build the most effec-
tive business structure once and for all. This is especially true in an
open information universe, such as the Internet and the World Wide
Web (WWW). On the other hand, the highly distributed and interac-
tive nature of electronic commerce applications make them much more
vulnerable to resource availability constraints and consistency prob-
lems due to failures. For example, typical network congestion, server
overload, user intervention or absence, and other exceptions may cause
temporary or permanent bottlenecks to any ongoing execution of EC
processes. Such unexpected situations may end up affecting the entire
business workflow process and its deadline requirements. Thus, it 1s
desirable for a modern EC system to provide flexibility and adaptabil-
ity to help the potentially delayed business processes to bypass system
bottlenecks, for example, by dynamically restructuring the affected ex-
ecution path at run time.

With these questions in mind, we develop the distributed Transactional
Activity Model (TAM) as an extension to the Activity Model [24] for elec-
tronic commerce applications. We have incorporated and implemented a
family of dynamic activity restructuring operations [26], in the first proto-
type of TAM. TAM provides simple and effective facilities to allow business
process designers to specify the behavioral composition of complex activities
and a wide variety of activity interaction dependencies in a high-level and
declarative way. Its dynamic activity restructuring operations help process
designers to deal with business structure changes adaptively and incremen-
tally. TAM also introduces a formal notion of validity which not only allows
the restructuring of ongoing activities to let them bypass execution bottle-
necks, but also provides correctness guarantees to the involved activities
during such restructuring process. In this paper, we report our experience
in designing and implementing TAM as an adaptive engineering approach to
developing flexible and reliable EC systems. Our implementation method is
based on component technology and uses plug-in adaptors [3, 40]. The ini-

tial implementation can be seen as an extension built on top of the standard
OLTP reference architectures [20]. This implementation design allows us
to easily port the prototype system to existing TP environments to support
enriched functionalities that are particularly useful for building flexible and
reliable electronic commerce applications.

The rest of the paper is organized as follows. In Section 2, we outline the
Transactional Activity Model and walk through the key concepts with an
electronic commerce case study. In Section 3, we describe the functionalities
of the dynamic activity restructuring operations and illustrate their use
through the running case study. We present an overview of the design
and implementation of the TAM prototype system, especially the dynamic
activity restructuring operations in Section 4. We review the related work
in Section b, and concludes the paper in Section 6.

2 Transactional Activity Model for Electronic Com-

merce

In this section, we describe the Transactional Activity Model (TAM) [24,
25] to address the transactional and flexibility requirements in electronic
commerce applications. We illustrate TAM’s features by presenting a case
study, which will be used in the rest of this paper.

2.1 The Online Shopping Case Study

Our case study focuses on a typical scenario in electronic commerce: shop-
ping over the Internet. Consider an E-Shopping activity that captures
an online shopping process involving a web-surfer (customer) and an online
merchant (see Figure 1). In a simplified case (with respect to a real process),
this activity might consist of four subactivities: TermAgreement, Offer,
Purchase, and Delivery. The activity E-Shopping starts when the cus-
tomer visits the online merchant’s web site, and have entered his/her login
id to the merchant’s system. The activity TermAgreement is first launched,
in which the merchant outlines some terms and options (e.g., in the form
of an HTML page) that apply to the potential trade(s), and the customer
either accepts or rejects. The terms/options might include such items like
whether the customer pays before selected goods are delivered, whether
the invoices are digitally signed, whether receipts are provided, and so on.
In case the customer agrees to the terms set forth by the merchant, the



Offer activity follows. In this activity, information about certain goods
are first furnished by the merchant, like the price information; the cus-
tomer then makes a selection. After the customer has decided on the goods
he/she would like to purchase, the entire E-Shopping process proceeds on
to the next phase. Depending on the terms both parties have agreed in
the TermAgreement activity, there are different possibilities for how the ac-
tivities Purchase and Delivery are carried out. The activity Purchase
has a number of subtasks, such as: (1) PaymentMethods: in which all the
necessary payment methods are determined, e.g., whether some coupons
or vouchers or frequent-flyer points can be used/redeemed against the pur-
chase, or whether the customer uses credit card or digital cash to pay; (2)
Payment: the actual payment process in which value is transferred from the
customer to the merchant; and optionally (3) PaymentReceipt: in which
a receipt is generated by the merchant and given to the customer.

E-Shopping
T
em Offer Purchase Delivery
Agreement
Payment Payment
Payment .
Methods Receipt

Figure 1: The online shopping activity

2.2 Activities, Activity Patterns, and Activity Com-
position Hierarchy

Activities are structured programs that exchange information with other
activities, databases, files, and users. In the Transactional Activity Model
(TAM), activities are represented by parameterized activity patterns (or
activity specifications). Informally, an activity pattern consists of objects,
messages, message exchange constraints, preconditions, postconditions, and

triggering conditions [24]. Activity patterns capture the structure, flow,
interactions, and transactional requirements within business activities. An
activity instance is an instantiation of its activity pattern or specification.
In the rest of the paper, the terms activity and activity pattern will be used
interchangeably when no conflict arises.

TAM distinguishes between two types of activities: elementary activities
and composite activities. An elementary activity 1s a program that consists
of database Read and Write operations, as well as transaction operations
such as Begin, Commit, or Abort [25]. A composite activity consists of
a tree of composite or elementary activities, and a set of user-defined ac-
tivity dependencies. The tree organization of an activity « 1s called the
activity composition hierarchy (or activity hierarchy) of «v. Elementary ac-
tivities correspond to the leaf nodes in an activity hierarchy. The activities
that are components of a composite activity are sometimes referred to as
constituent activities or subactivities; and the set of activity dependencies
assoclated with a composite activity can be seen as the cooperation con-
tracts among its subactivities that collaborate to accomplish a complex
workflow task. In our online shopping case study, Offer and Payment are
two example elementary activities; Purchase i1s a composite activity, while
being a constituent activity of E-Shopping. E-Shopping is the top-level
activity. A running instance of this activity pattern (or specification) is an
E-Shopping instance.

Figure 2 and Figure 3 present the TAM activity specifications for our
online shopping example. First, each activity is described by specifying the
list of children activities and their interaction dependencies through the
behavioral aggregation facility, thus all the composite activities are defined
in a declarative and incremental fashion. Second, users may add additional
activity dependencies that are domain-dependent to the activity specifica-
tion. TAM classifies application-specific interaction dependencies into dif-
ferent categories, like activity execution dependencies, activity interleaving
dependencies, activity state transition dependencies, and activity visibility
dependencies.

2.3 Activity State Transition Dependencies

An activity has a set of observable states § and a set of possible state tran-
sitions ¥: § — 8, where § = {begin, commit, abort, done, compensate}.
The transitions between the states of an activity can be represented by a
finite state automation and its transition graph. Figure 4 shows the state



begin Activity E-SHOPPING(Ir: Customerld:CUSTOMER, Start:TIME, Out: End:TIME)

Behavioral Aggregation of Component Activities:
TERMAGREEMENT(In: Customerld:CUSTOMER, Out: Accepted:BOOLEAN, Term:TERM)
OFFER(In: Customerld:CUSTOMER, Oul: Accepted:BOOLEAN, Offer:OFFER);
PurcHASE(In: Customerld:CUSTOMER, Offer:OFFER, Oul: Receipt:RECEIPT);
DELIVERY(In: Customerld:CUSTOMER, Receipt:RECEIPT);

Execution Dependencies:
FExeRy: TERMAGREEMENT precede OFFER
ExeRg: OFFER precede {PURCHASE, DELIVERY }

State Transition Dependencies:
STHRy: {abori(PURCHASE)V abort(TERMAGREEMENT)V abori(OFFER))} enable abori(self)

end Activity

Figure 2: An example specification of composite activity E-Shopping

begin Activity PURCHASE(Jn: Customerld:CUSTOMER, Offer:OFFER, Oui: Receipt:RECEIPT)

Behavioral Aggregation of Component Activities:
PaYMENTMETHODS (In: Customerld:CUSTOMER, Offer:OFFER, Oui: Methods:METHODS)
PAYMENT (In: Customerld:CUSTOMER, Methods:METHODS)
PAYMENTRECEIPT(In: Customerld:CUSTOMER, Offer:OFFER, Methods:METHODS, Out: Receipt:RECEIPT)

Execution Dependencies:
FExeRy: PAYMENTMETHODS precede PAYMENT
FExreRg: PAYMENT precede PAYMENTRECEIPT

Interleaving Dependencies:
ILRjy: PAYMENT precede DELIVERY

State Transition Dependencies:
STRy: abori(PAYMENT) enable abori(self)

end Activity

Figure 3: An example specification of composite activity Purchase

transition graph of a TAM activity. When an activity 7' is activated, it
enters the state begin and becomes active. The state of T is changed from
begin to commat if T commits, and to abort if T' or 1ts parent aborts. If T7s
parent aborts after 7" is committed, then its state is changed to compensate;
if T7s root activity commits, then its state becomes done.

When T is a composite activity, T enters the commit state if all its com-
ponent activities A; (i = 1, ..., n) legally terminate (i.e., commit or abort).
In other words, the activity 1T' may commit even if one of its component
activities is aborted. Similar to the saga transactions [17, 9], the commit
of a subactivity in TAM is independent of the commit of its parent activ-

ity. If an activity aborts, then all its children that are in begin state are
aborted; and its commutted children, however, are compensated for. We call
this property termination-sensitive dependency between an activity A¢ and
its parent activity Ap, denoted by Ap ~» As. This termination-sensitive
dependency, inherent by an activity hierarchy, prohibits a child activity in-
stance from having more than one parent, ensuring the hierarchically nested
structure of active activities. When the abort of all active subactivities of
an activity 1s completed, the compensation for committed subactivities is
performed by executing the corresponding compensations in an order that
is the reverse of the original order.
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The activity state transition dependencies discussed in this section are
implicitly defined for an activity through its activity composition hierarchy.
In TAM we provide a number of constructs (see Section 2.5) to allow users
to add additional state transition dependencies that are application-specific.
For example, in our case study, an additional state transition dependency is
defined for activity Purchase (see Figure 3). It requires that the Payment
subactivity’s outcome be critical to Purchase. If Payment is aborted, then
the Purchase activity has to be aborted as well. This dependency is in addi-
tion to the implicit dependencies defined with the hierarchical relationship
between Purchase and Payment.

2.4 Activity Visibility Dependencies

The visibility of an activity refers to the ability of an activity to see the
results of other activities while 1t is executing. In TAM, the visibility of
an activity is defined in terms of the object access-set of its parent activ-
ity, which forms a visibility dependency between the given activity and its
parent activity.

TAM uses the multiple object version scheme [29] to define the notion of
visibility in the presence of concurrent execution of activities, that is, object
versions are created and maintained at different points in the activity hier-
archy. Each activity has a local set of object versions, which is accessible to
any of its children subactivities in the hierarchy. Thus, there may be sev-
eral versions of an object scattered throughout the activity hierarchy. For
a specific object, the version at the Root activity is the oldest version, and
the ones further down in the hierarchy are causally dependent on it. With
multiple object version scheme, a notion of visibility is defined naturally
according to the hierarchy. For a given activity 7', when an object in T"s

data access-set receives an access request from a child subactivity of T, a
new version 1s automatically created for this subactivity. The new version
of the object i1s written back to the parent activity’s access-set when the
subactivity that initiated the access to the object commits or comes to a
breakpoint. A breakpoint [5, 16] of an activity is a point in its execution
where it can interleave with other activities. With the multiple object ver-
sion scheme, the root activity of an activity hierarchy contains the most
stable version of each object, and guarantees that it can recover its copies
of objects in the event of system failure.

The rule governing the visibility of object versions between a composite
activity Ap and its child subactivity A is described as follows:

o Visibility: Ac has access to all objects that Ap can access, i.e., it can read
objects that Ap has modified.

Important to note is that both default activity state transition depen-
dencies and activity visibility dependencies are implicitly defined by the
activity composition hierarchy. They can be modified either by additional
programmer-specified activity dependencies (e.g., the state transition de-
pendencies in Figure 3), or through programmer-guided or system-triggered
activity restructuring operations (i.e., Activity-split and Activity-join) to
be discussed in Section 3.

2.5 Basic Constructs for Specification of Activity De-
pendencies

In TAM application-specific activity dependencies are user-defined and are
assoclated with composite activity patterns. They capture complex interac-
tion dependencies between activities that have no hierarchical composition
relationship with each other. Examples include constraints on the occur-
rence of a subactivity execution and the temporal precedence of execution
of subactivities at the same abstraction level and across different levels in
the activity composition hierarchy [25].

TAM provides four constructs for specification of user-defined activity
dependencies. They are precede, enable, disable, and compatible. Fig-
ure 2 and Figure 3 have already illustrated some use of these constructs.
The construct precede is designed to capture the temporary precedence
dependencies and the existence dependencies between two activities. For
example, “Purchase precede Delivery” specifies a begin-on-commit ex-
ecution dependency between the two activities: “Delivery can not begin



before Purchase commits’. The constructs enable and disable are uti-
lized to specify the enabling and disabling dependencies between activities.
One of the critical differences between these two constructs and the con-
struct precede is that enable or disable specifies a triggering condition
and an action being triggered, whereas precede only specifies an execution
precedence dependency as a precondition that needs to be verified before
an action can be activated — it is not an enabling condition that, once
satisfied, triggers the action. The construct compatible declares the com-
patibility of two concurrently running activities that possibly have shared
data. It is provided solely for specification convenience, since two TAM ac-
tivities are compatible when there is no execution precedence dependency
between them. For reference convenience, the semantics of each construct
is formally described in Figure 5. Note that the semantics given in Figure 5
shows that enable and disable are not derivable from each other.

In specifying activity dependencies, one important note is that the ac-
tivity composition hierarchies in TAM have already implicitly captured the
transactional dependencies among its constituent activities that are caused
by concurrent data sharing and failure recovery. For example, in above
online shopping case, the business process might have transactional re-
quirements like: if the Purchase does not succeed, the complete shopping
activity E-Shopping has to be aborted. Or, the Payment activity can com-
mit even if the receipt is not properly produced in PaymentReceipt. TAM’s
special treatment for transactional dependencies compared with other nor-
mal execution dependencies relieves process designers from explicitly spec-
ifying the actions that deal with concurrent synchronization and failure
recovery, which are complex and might not be familiar to the designers.

Another feature of TAM is that the specification scope of the set of
activity dependencies associated with each activity pattern is regulated
to encourage incremental specifications of hierarchically complex activi-
ties. For instance, in the online shopping example, to define the activity
Purchase, the activity designer needs to focus on (specify) only the exe-
cution dependencies between its children activities (i.e., PaymentMethods,
Payment, and PaymentReceipt), and restrict the activity interleaving de-
pendencies to be only the interaction dependencies between its children
activities or between its children activities and its siblings’ children activi-
ties (e.g., Payment precede Delivery). Furthermore, although an activity
designer may not override the termination-sensitive state transition depen-
dencies (recall Section 2.3) between a composite activity and its children

activities, they can add additional application-specific state transition de-
pendencies, such as making the commit of a child activity to be critical to
the commit of its parent activity (see Figure 3).

3 Dynamic Restructuring Operations for EC applica-

tions

Businesses are taking advantage of the unique characteristics of online trad-
ing (e.g., the reduction in supply distribution or goods delivery cost, flex-
ible transaction values, etc.) to differentiate their products and service
offerings in the market. What these mean, however, is extra requirements
on the systems and tools that support these flexible business practices.
For example, the transaction system might be required to support multi-
ple payment schemes, like credit card or digital cash. Or, the merchant
software might be required to support multiple pay-deliver relationships,
like payment before delivery (e.g., ordering a computer) or multiple pay-
ment/delivery sequence (e.g., playing online games). Beyond these, the fact
that it’s usually difficult to foresee all the functionalities or services (and
the most effective business structure) makes the requirements on system
support even more demanding. On the other hand, during their execution,
the distributed and highly-interactive nature of these electronic commerce
applications make them vulnerable to resource availability constraints and
consistency problems due to failures.

In order to support the dynamic business structures as well as to improve
their execution performance in anticipation of various uncertainties, we have
defined, on top of TAM, two groups of operations: Actwity-Split operations
and Actwity-Join operations for dynamic restructuring of ongoing activ-
ities [26]. These operations can help an EC system bypass temporary or
permanent bottlenecks in both data flow and control flow in commerce pro-
cesses, like those caused by node/network unavailability, user intervention
or absence, and other exceptions. Furthermore, These activity restructur-
ing operations build on a formal notion of validity so that they guarantee a
rich set of correctness criteria (that extend serializability) of the resulting
activities.

Below, we explain these restructuring operations and illustrate their use
with our case study example.



Construct Usage

Synopsis

precede A; precede A,
condition(A;) precede A;
condition precede condition(A43)

Ag can begin if Ay commuts
Az can begin if condition(A;)="‘true’ holds.
If condition(A;)="‘true’ then condition(Az) can be ‘true’

condition(A;) disable condition(A3)

(A1)
enable condition(A;) enable A, condition(Ai)="true’ — begin(Asz)
condition(A4;) enable condition(Asz) If condition(A;)="‘true’ then condition(Az) will be ‘true’
disable condition(A;) disable A; condition(Ai)="true’ —— abort(As)

If condition(A;)="‘true’ then condition(A3) cannot be ‘true’

compatible | compatible(A;,A3)

true if A; and Ao can be executed in parallel,
and false if the order of A; and A5 is important

Figure 5: Constructs for activity dependency specification in TAM

3.1 Activity-Split Operations

For our case study, consider this scenario during an instance E-Shopping
activity’s execution: suppose the customer entered an online video store,
accepted the terms and agreements, picked two videos that he/she likes
to watch online (e.g., two episodes of a comedy series), and has just paid
using his/her smart-card. Now the video store is about to live-feed the
video/audio stream to the customer. However, the store (hopefully the
system, but could be human as well) detects a server overload problem at
this moment (or predicts that an overload would occur soon, based on re-
cent customer payment activities). In order to alleviate the problem, the
system (or a human agent) suggests to the customer to overlap his/her de-
livery with other customers’ and use multiple deliveries to fulfill the store’s
delivery obligation. After the user has agreed to this change, the Delivery
activity is split into two activities Deliveryl and Delivery2, each respon-
sible for delivering one episode of the video the customer ordered. An
additional activity dependency is enforced on these two new activities that
if the Delivery activity commits, both of them must commit/succeed. This
scenario is shown in Figure 6.

A two-way Activity-Split operation on an ongoing activity instance ', de-
noted by ASplit(C, ¢, Cy, Cs), produces two new activity instances € and
C5'. The synchronization constraint ¢ is a function of (C4,Cs) that cap-
tures the dependencies between them after the split. For example, suppose
C1 and C'y are independent of each other, we refer to such type of Activity-
Split operations as parallel Activity-Split, denoted by ASplit(C, p, Cy, Ca).

11t is possible to reuse the name of the original activity C' to name one of the resulting
activities.

N-way Activity-Split can be easily constructed using the two-way Activity-
Split [26]; and for presentation clarity, we restrict our discussion to two-way
Activity-Split in this paper. We say that ASplit is a meta operation, since
the definition and implementation of ASplit are specialized for each syn-
chronization constraint. Figure 7 presents a group of instance Activity-Split
primitives that are currently supported in TAM, along with their inherent
semantics. Each of these specialized primitives represents one typical case
of Activity-Split.

An Activity-Split operation is valid if and only if the resulting activities
are: (1) TAM activities, i.e., satisfying the implicit activity dependencies
implied in the activity composition hierarchy, such as the transactional
dependency; (2) satisfying all the existing user-defined activity dependen-
cies, and (3) they do not introduce any conflicting activity dependencies.
In TAM, we consider all valid Activity-Splits as legal operations and all
invalid Activity-Splits as illegal operations.

Activity-split is useful in several ways. For example, it supports adaptive
recovery from permanent or temporary unavailability of nodes, users, or
constituent activities. Another benefit is added concurrency, by releasing
early-committed resources through a split activity to allow accesses by other
concurrent activities.

3.2 Activity-join Operations

Following the above scenario, in order to make sure the customer is not
dissatisfied, the store (again, either the system or an on-duty clerk) follows
up the previous change of delivery method with an email right before the



E-Shopping

Term
Offer Purchase
Agreement
Payment Payment
Payment .
Methods Receipt

E-Shopping
Term . .
Offer Purchase Deliveryl Delivery2
Agreement
Payment Payment
Payment .
Methods Receipt

Figure 6: An example application using Activity-Split

Usage Synchronization Constraint

Synopsis

ASplit(C,p, C1,C2) | compatible(Cy, Cs3)

parallel activity-split operation (p-Split)

ASplit(C,s,Cy,C3) ¢ precede Cy

serial activity-split operation (s-Split)

pa-Split(C,C1, C2) commit(Cy) disable Cy

parallel-alternative activity-split operation
C1, Cy may begin together and abort Cy if €y commits

sa-Split(C,Cy, C2) begin(C1) precede begin(Cs)

A abort(C,) enable Cy

serial-alternative activity-split operation
C'5 cannot begin unless €y aborts

ce-Split(C, Cy, Ca)

commit(C) precede commit(Cs)

commit-on-commit activity-split operation
('3 cannot commit unless C'; commits

ca-Split(C,C1, C2) abort(C1) precede commit(Cz)

commit-on-abort activity-split operation
('3 cannot commit unless C; aborts

ASplit(C,u) none

activity-split by unnesting (u-Split)
if Children(C)# @, modify Children(Parent(C))
by Children(Parent(C))U Children(C), remove C

Figure 7: Instance Activity-Split primitives in TAM

delivery is about to finish or right after that, apologizing for the incon-
venience and asking for the customer’s feedback. The email might state
that in case the customer is not quite satisfied, the store could offer some
compensation (like in forms of certain credit points) to the customer. This
email initiates a new activity DeliveryFeedback. This new activity is
joined with the previous two Delivery activities to become a new subac-
tivity of E-Shopping. The activity might last until the store hears back
from the customer. In case the customer is not satisfied, the store’s sys-
tem might have to compensate the Purchase activity with certain actions.
These kinds of activity dependencies (more transaction-related) are added

into E-Shopping’s specification. The scenario is illustrated in Figure 8.

The inverse operation of Activity-Split, called Activity-Join, combines re-
sults of several ongoing subactivities together and releases them atomically,
as if they had been a single activity. Activity-Join is also a meta operation,
with two specialized versions. The first type of Activity-Join operation is
called “join-by-group”, denoted by AJoin(C,g,Cy,Cs). Tt groups two activ-
ities C7 and C's by creating a new activity C' as their parent activity, while
preserving the activity composition hierarchy of each input activity. It is
also called synchronous join. An Activity-Join by grouping is considered
valid, if the two input activities C; and C'; are sibling activities or inde-
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Figure 8: An example application using Activity-Join

pendently ongoing activities. The second type of Activity-Join operations
is referred to as “join-by-merge” | denoted by AJoin(C,m,Cy,Cs). Tt phys-
ically converges two activities in progress into a single activity, and also
called asynchronous join. An Activity-Join by merge is considered wvalid, if
the two input activities C; and (s are sibling activities, or one is a parent
activity of another, or two independently ongoing activities, i.e., they do
not have common parent activity.

For grouping or merging activities that are across different abstraction
levels, a combination of Activity-Split and Activity-Join operations are
used. Note that we do not support Activity-Join of arbitrary activities.
For example, a call to join activity C' with an activity that i1s a sibling
activity of (s parent activity or C’s grandparent activity is not acceptable
due to potential inconsistency. Our experience shows that the set of
Activity-Join operations we support cover most of the practical require-
ments for grouping or merging ongoing activities in a cooperative group
working environment.

In summary, Activity-Split and Activity-Join can be combined in any
formation. By allowing the release of early-committed resources or owner-
ship transfer of uncommitted resources, these dynamic activity restructur-
ing operations bring into complex activities a number of advantages, such
as adaptive recovery, added concurrency, dynamic process evolution, and
enhanced cooperation, providing a cost-effective framework for organizing
and restructuring activities in an electronic commerce environment.

4 Implementation

4.1 Overview of Implementation Method

In implementing the distributed Transactional Activity Model (TAM) and
the set of activity restructuring operations, we have adopted a carefully de-
signed implementation method. First, following a component-based and
open-system approach, we combine microprotocol composition [31, 40],
open implementation [23, 40], and incremental specialization [35, 40] in the
design of our system, to achieve modular, adaptable, and efficient primitive
implementation. Second, we utilize the Reflective Transaction Framework
(RTF) [3] and the Open Coordination Protocol (OCP) [40], which we pre-
viously developed to support distributed extended transactions on commer-
cial transaction processing (TP) systems, to address the transactional and
distribution requirements in workflow activities. Third, we build adaptors
on top of RTF, OCP, and commercial TP systems, to make our imple-
mentation of activity restructuring operations practically available. In the
following paragraphs, we explain the above techniques in more detail.

The first building block of our implementation method is the careful
design of system functions (e.g., activity restructuring, recovery handling)
to facilitate modular, adaptable, and efficient implementation. We achieve
this by combining microprotocols, open implementation, and incremental
specialization.

The second building block of our implementation method is the system
components developed in our previous effort on supporting distributed ex-



tended transactions [33]. In particular, the Reflective Transaction Frame-
work (RTTF) supports different extended transaction models on top of pro-
duction transaction processing (TP) systems; the Open Coordination Pro-
tocol (OCP) is a flexible coordination facility for building different dis-
tributed coordination protocols for distributed extended transaction pro-
cessing. By utilizing and extending these system components, we guaran-
tee the transactional properties of distributed workflow activities even in
presence of failures, concurrent data sharing, or dynamic activity restruc-
turings.

The third building block of our implementation method 1s a set of trans-
actional activity management adapters (TAM adapters), which are add-on
modules to RTF, OCP, or an existing transaction processing (TP) mon-
itor. Each TAM adapter encapsulates and extends the functionalities of
its underlying layer. Like the transaction adapters in RTF, TAM adapters
are based on the commands and functionality of the well-documented TP
monitor reference architecture [20] for practicality. Furthermore, our imple-
mentation of the TAM adapters relied only on a small but widely supported
set of API in the TP monitor reference architecture [20].

(
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Figure 9: Transactional Activity Processing Framework

Figure 9 illustrates the relationships among TAM adapters, RTF, OCP,
and TP monitors in a distributed setting. Each outer-most bounding frame
in the figure represents an entire transactional activity processing compo-
nent on one distributed node. Within each component (i.e., each frame),
three layers are present: TP monitor layer, RTF and OCP layer, and the

TAP layer. OCP and the transaction adapters (e.g., transaction manager
adapter, lock adapter, etc.) in RTF utilize and extend the functionality of
TP monitors to handle distributed extended transactions. TAM adapters
utilize and extend the functionalities of RTF, OCP, and TP monitors to
handle dynamic transactional activities. Together, these adapters and the
underlying TP facility form a framework for dynamic transactional activity
processing.

By applying the above implementation method, each of TAM’s system
functions is composed of a suite of microprotocols and invariants/quasi-
invariants. The microprotocols utilize RTF, OCP, and the TAM adapters
in the distributed transactional activity processing framework. The in-
variants and quasi-invariants guide the specialization process at primitive
instantiation time to build efficient primitive instances. Furthermore, the
adapters make our implementation easy to build on top of production TP
systems.

4.2 System Prototype

We have implemented a prototype system for transactional activity man-
agement. The system covers a family of dynamic activity restructuring
operations, as well as other important features of the Transactional Ac-
tivity Model (TAM) [25]. The complete system is client-server oriented.
The backend server features a set of transactional activity management
primitives, and is built on Transarc’s transaction processing (TP) monitor
Encina. The frontend features several web-friendly graphical user interfaces
(GUISs) for activity control and administration at both specification and in-
stance levels, and is built with a mixed use of Java applets, JavaScript, and
HTML for portability and reusability. Currently, the frontend and backend
server communicate via some CGI gateway programs that mediate between
HTTP and Encina TRPC (transactional RPC based on DCE-RPC).
Figure 10 is a screen capture showing a running telecommunication activ-
ity instance [26] in our prototype system. There are two drawing canvases
in the window: the left canvas shows both the activity composition hier-
archy of this activity instance and the execution dependencies between its
descendant activities; the right canvas, in contrast, merely represents hier-
archy and transactional dependency information, but in a canonical way.
Only the left canvas is used for restructuring operation specifications, as
will be described later in this section. The use of two canvases allows a
user to clearly observe what would happen to this activity instance prior to
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Figure 10: A Screen Capture of Our Prototype System

and after any dynamic restructuring operation. For each node in the left
canvas, different colors are used to represent that activity instance’s differ-
ent states: blue indicates Initiated state, yellow indicates Active, cyan
indicates Subcommitted, green indicates Commit, and red indicates Abort.
These colors would change in sync with activity instances’ state changes
during their execution.

The pop-up window at the left-side shows the activity dependency infor-
mation for those activity or subactivity instances running and monitored by
the system. For example, dependencies that guard the transactional out-
come for an activity instance, like commit-on-commit, commit-on-abort,
etc. These dependencies were discussed in Section 2.

The small pop-up window at the top of Figure 10 is the graphical user
interface to activity restructuring operations in our system. In the window,
the top portion contains some image buttons, each representing an activity
restructuring operation. They are grouped into two categories: Activity-
Split and Activity-Join, as described in Section 3. Each operation has
its particular transactional semantics to associate with, and would affect
activity instances’ dependency information differently. The bottom portion
navigates the user (administrator) in the context of each selected operation,
with a set of text messages and action buttons. A user interacts with the
system by a mixed use of mouse actions (click, drag-and-drop, etc.) on the
canvases and button clicks.



5 Related work

Electronic commerce (EC) is of growing interest to many of today’s busi-
nesses, like merchants, financial institutions, and technology providers [22,
1, 4]. There have been many coordinated efforts in setting up industry stan-
dards for EC, ranging from specifications that address a single step (e.g.,
payment protocols) within a potentially complex electronic commerce activ-
ity [37, 13, 38], to initiatives that try to capture an entire business process
(e.g., shopping protocols) [32, 21, 30]. However, these efforts are largely
in their infancy, although some have already built pilot programs testing
initial products.

Several activity models have been proposed [11, 10, 36] to support declar-
ative specification of control flows within activities. Features of long
running activities [11, 10] include an automatic compensation capabil-
ity and the use of ECA-rules for monitoring activities. The cooperative
model [36] achieves cooperation through controlled data exchanges in pri-
vate workspaces and controlled sharing of a common database among users.
Although previous activity models (e.g., [11, 10, 36]) and workflow systems
(e.g., [19, 27]) have been successful in capturing the business processes, they
have limitations in the prediction of correctness of concurrent activities. For
example, the ECA-rules are very powerful tools. Their expressive power on
the other hand makes it difficult to explore the application-specific activity
execution dependencies that are critical for reasoning about the correctness
of concurrent executions of activities, from the generic form of ECA-rules
specification Moreover, very few activity models or workflow systems pro-
posed so far, to our knowledge, provide the adequate support for dynamic
split and join of activities of deeply nested structures, ensuring the correct-
ness of resulting activities.

A number of extended transaction models (ETMs) [12, 15, 14, 17, 2, 28,
29, 34, 39] have been proposed, each targeting at a particular subset of the
whole spectrum of interactions possible in advanced application environ-
ments. Although each ETM (such as nested transactions, sagas, split- and
join-transactions, cooperative transactions) provides a set of well-defined
transactional properties for modeling its target applications, the support
for prediction of correctness properties of extended transactions is limited
only to those interactions that can conform to the pre-defined transaction
structures specific to the chosen ETM. Therefore, an ETM alone is not
sufficient for organizing complex cooperative activities that may require
the whole spectrum of interactions [8]. Furthermore, most of the ETMs

proposed so far are system supporting built-in ETMs, rather than system
supporting user-defined ETMs. The demand for defining new ETMs and
redefining existing ETMs as needed becomes increasingly critical towards
supporting for a variety of workflow applications with diverse or possibly
conflicting business requirements [19, 27].

The TAM development is mostly inspired by the early work on
split-transactions [34], Cooperative Transactions [2], and Transaction
Groups [29]. Although cooperation among sibling transactions is supported
by Cooperative Transactions or transaction groups [2, 34, 29], the interac-
tions among siblings are either limited to static and one-shot design of
transaction groups [29, 2], or restricted to leaf node transactions in order
to support the isolation-based serializable split-transactions using read-sets
and write-sets in a split call [34]. TAM differs from these models by three
distinct features: (1) TAM activity specification language allows the users
to specify activity composition hierarchy and activity dependencies declar-
atively and incrementally. Instead of restricting to interaction semantics
among siblings, TAM captures interaction dependencies among activities
across activity boundaries (e.g., interactions among child activities of differ-
ent siblings). (2) To the best of our knowledge, no previous activity models
have considered the transactional support for activity-split and activity-join
operations to allow dynamic restructuring of activities that are hierarchi-
cally complex and have sophisticated interaction dependencies at the same
time. (3) The third distinct feature is the systematic analysis of the benefits
and validity of activity-split and activity-join operations. By specializing
the activity restructuring meta operations, the efficient implementation of
various split and join operations can also be explored.

Our implementation effort also leverages and builds on our previous expe-
rience and mechanisms. Specifically, our transactional activity processing
framework builds on RTF [3], OCP [40], and MARS [7], which system-
atically extend commercial TP monitors to make the implementation of
a wide range of distributed extended transaction models practically avail-
able [33]. The Reflective Transaction Framework (RTT) is a software frame-
work that systematically extends the functionality of a conventional TP sys-
tem to implement extended transaction models. The Open Coordination
Protocol (OCP) is a flexible coordination facility for systematically build-
ing optimized coordination protocols for distributed extended transactions
and transactional workflows. The Modular Architecture for Recovery Sys-
tems (MARS) is a software architecture for building flexible and efficient
recovery systems to support extended transactions. The design of these



foundation components is also related to previous research on using model-
independent building blocks to implement different extended transaction

models [8, 6, 18].

6 Summary

Electronic commerce have definitely brought many businesses into the on-
line arena. These new business applications bear distinctive characteristics
like being distributed, highly-interactive, and long in duration, subjecting
them to both development and execution uncertainties.

In this paper, we have presented the distributed transactional activity
model (TAM) and reported our experience in designing and implement-
ing TAM as an adaptive engineering approach to developing flexible and
reliable electronic commerce systems. TAM features a set of dynamic activ-
ity restructuring operations with formal correctness guarantees, and a set
of high-level declarative constructs for incremental activity specifications.
The activity restructuring operations allow ongoing EC activities to bypass
some unexpected execution bottlenecks, and the specification constructs
allow business process designers to deal with changes adaptively. Our im-
plementation method i1s based on component technology and uses plug-in
adaptors on top of commercial online transaction processing (OLTP) sys-
tems. We believe that these modeling facilities and system mechanisms
together provide a viable and practical foundation for effectively and effi-
ciently supporting reliable EC applications.

We are currently using our prototype system to evaluate the performance
of activity restructuring operations and the benefits they bring to business
workflow activities. On the theoretical side, we are interested in strength-
ening our results on the assurance of correctness properties of concurrent
activity execution despite the restructuring by Activity-Splits and Activity-
Joins.
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