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Abstract 

Component-based development i s  a n  emerging dis- 
cipline of software development. Recently, the growth 
of middleware technologies brings the notion of server- 
side component into CBD f o r  developing mission- 
critical applications. In this paper, we propose the 
method f o r  designing reliable component systems for 
mission-critical tasks. To this end, we formulate the 
MTS system and develop the framework f o r  describing 
the specification and design of component-bused sys- 
t ems  and reasoning about them.  For illustrating our 
framework, we show that the design of U simple bank 
example violates i ts  specification. W e  strongly believe 
that the refactoring of transaction boundaries i s  com- 
m o n  practice for improving scaliability and, thus,  the 
developed framework is useful when evaluating refac- 
torings. 

1 Introduction 

Component-based development( CBD) is an emerg- 
ing discipline of software development. Recently, the 
growth of middleware technologies brings the notion 
of server-side component into CBD and makes it pos- 
sible to develop mission-critical applications. In par- 
ticular] several middleware technologies try to  support 
the development of enterprise scale applications. Ex- 
amples of these middleware technologies include En- 
terprise JavaBeans(EJB) [ 121 from Sun and Microsoft 
Transaction Server(MTS)[2, 5, 71 from Microsoft. 

Even though EJB and MTS come from different ven- 
dors, they not only address same problems but also pro- 
vide similar solutions. For example, they provide trans- 
action management  for increasing reliability as well as 
scaliabilty. 

In this paper, we are concerned with transaction 

modeling. Transaction is one of the most widely 
used techniques for reliable software development. In 
particular, transaction technique dominated the mar- 
ket of information systems in mainframe era. Even 
though many applications in mainframe have evolved 
into client-server and/or n-tier environment, transac- 
tion is widely accepted too. 

Recent component systems can use several compo- 
nents for a transaction. If a transaction runs, it locks 
a set of involved resources for preventing interference 
of other transactions. Thus, transactions that require 
locked resources must wait for them to get free while 
independent transactions runs concurrently. In this sit- 
uation, the locking duration of resources is one of the 
key factors that are considered for designing efficient 
systems. If transaction boundaries in a system include 
too many components unnecessary, the scalability of 
the system may be low. On the other hand, the state 
of the system may become inconsistent if transaction 
boundaries do not include enough components to ex- 
ecute a transaction atomically. To balance scalability 
with reliability] we should carefully design the level of 
transaction boundaries. 

To support the design of transactional component 
systems, we develop a design framework. In the pro- 
posed framework, we can specify requirements and de- 
scribe the design of each component in an abstract pro- 
gram. Then, we analyze them to determine whether 
the given design of components and their transactional 
properties satisfy the specified requirements. To this 
end, we design an algorithm that deduces a possible 
result from the design and the associated transactional 
properties. 

This paper is organized as follows: Section 2 
presents an overview of MTS. Section 3 describes our 
framework without concerning the possibility of fail- 
ures. In the framework, we can specify, design and 
reason about our component system. Section 4 in- 
corporates the possibility of failure and the notion of 
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transaction into our framework, and propose an algo- 
rithm that generates the possible transaction results. 
Section 5 and 6 introduces several related works, and 

component, MTS facilitates the management of trans- 
action boundaries. Table 1 shows the type of transac- 
tion property for a component. 

concludes the paper respectively. 

2 Overview of MTS 

Microsoft Transaction Server(MTS) is a kind of 
Transaction Processing monitor(TP monitor)[2, 71 that 
is based on the DCOM technology[3, 41. It helps Mi- 
crosoft to integrate TP monitor into Windows system. 
In this section, we will explain the elements of MTS, 
their interaction, and transaction property for each 
MTS component. 

MTS consists of four elements - MTS Executive, Re- 
source Managers( RM) , Microsoft Distributed Transac- 
tion Coordinator(MSDTC), and MTS explorer. MTS 
Executive is a background process that provides run- 
time services to  MTS components. It manages threads 
and transaction contexts in response of the client’s 
requests. Resource Managers are the elements that 
manage persistent system resources such as database. 
They conduct physical database operations in coop- 
eration with MSDTC to maintain the key properties 
of a transaction, ACID. MSDTC supervises several 
resource managers enlisted in transactions. When a 
transaction needs to  be committed, MSDTC carries 
out 2-phase commit[l] with enlisted resource managers 
to ensure atomic transaction. MTS Explorer is a man- 
agement tool that works on top of Windows system. 
Because it provides graphical environments for manag- 
ing the transaction property of each registered compo- 
nent, a designer can register components, and manage 
them using MTS Explorer. 

For a successful transaction, there is a need of well- 
organized cooperation among these four elements. The 
transaction processing mechanism of MTS is as follows. 

At first, a client sends a service request to  server. 
If server receives the request, it creates corresponding 
MTS component, its context object’ and transaction 
context2 if necessary. Client can request any method 
supported by the component after the creation of com- 
ponent. After the completion of service, the compo- 
nent that creates transaction context initiates 2-phase 
commit protocol by calling SetComplete to ensure the 
atomicity of the transaction. 

As noted earlier, several components can participate 
in a transaction. Using transaction property of each 

Description 

context without respect to the existing 
transaction contexts. 
Only if the caller cif the component doesn’t 
have a transaction context, this component 

I will create new trmsaction context. 
1 If the caller of the t x s u p  

tion context, this component will join with 
the transaction. Knot, this component will 

Table 1. Transaction property of a component 

3 Design Framework for Components 

In this section, we develop a design framework for 
describing the specification and design of components 
and reasoning about them. [t should be noted that we 
ignore the possibility of failures for a while. The design 
framework considering failures will be developed in the 
next section. 

As noted earlier, we describe specification and de- 
sign in abstract programs. We use the notation of action 
advocated by Lamport[6]: an action is a boolean ex- 
pression formed from variables, primed variables, and 
constant. For example, x‘ == z + 1 is an action, where 
x is a variable and x’ is a primed variable. 

We interpret an action as a relation between old 
states and new states of a system, where the variables 
refer to the old state and the primed variables refer 
to  the new state. For example, the action x’ = 2 + 1 
asserts that the value of x in new state is one greater 
than that of x in old state. I?ormally, for every old state 
s and new state t and for every variable U, an action A 
means 

where S(U) represents the value of ‘U in the state s and 
A[c/w] means the replacement U with c in the formula 
A. 

We extend the definition of actions with two no- 

A[s(v)lv, t ( W ’ 1  (1) 

‘A context object is an object that has the information about tions, sequence and invocation. First, the sequence 
transaction context, managed by MTS executive. 

’Transaction context is an association between a transaction 
and components invoking the transactional methods. So, all the 
components participating in a transaction share the transaction 

operator ‘;’ combines two actions as one action. For 
example x’ = x + 1; x’ = x rl; 2 is an action combined by 
the sequence Operator. We refer to combined actions 

context during the course of the transaction. as sequencing actions. The meaning of a sequencing 
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action is equivalent to consecutive application of its 
two actions in the left-to-right order. That is, the se- 
quence operator is left-associative. Formally, for every 
old state s and new state t and for every variable U, a 
sequencing action A; B means 

3k.  A [ s ( v ) / v ,  k(v) /v’]  A B [ k ( v ) / v ,  t(v)/v‘] (2) 

Thus, when x = 1 and the sequencing action x’ = 
x + 1; 5‘ = x * 2 performed, the value of x in the new 
state is 4. 

Before developing the notion of invocation, let us 
exploit the properties of the sequence operator. When 
the variables of two actions are independent, we can 
exchange their positions or merge them into an action. 
Formally, the following equation is always holding 

A ; B  = B ; A  3 A A  B 

when the variables of A are different from the variables 
of B. For example, let us consider the action x’ = 
x + 1;y’ = y + 1. This action is equivalent to y’ = 
y + 1;x‘ = z + 1 or 2’ = x + 1 A y’ = y + 1. It should 
be noted that we ignore the possibility of failure in this 
section. Failures can make this property invalid. 

For developing the notion of invocation, we define 
components and their methods: each component pro- 
vides a separated state space and its state is encapsu- 
lated in its interface, that consists of methods. The t e -  
haviors of methods are described in abstract programs, 
too. Note that the signature of methods may have pa- 
rameters. In this case, the behavior of the method 
depends on the parameters and affects them. We as- 
sume that variables except parameters denote the state 
of the component. For example, the method credit of 
the component Ccredit has the following behavior: 

(3) 

credit(a, amt) a’ = a + amt 

When methods are invoked, its parameters are re- 
placed with arguments. For example, when the method 
credit is invoked with parameters ( b ,  lo),  the effect 
of the invocation is defined by the replaced action 
b’ = b + 10. Formally, for every old state s and new 
state t and for every variable U, the invocation A ( P )  
means 

A[P(v) lv ,  ~(74’/~‘1bbJ)/?J, t(v)/v’I (4) 

where P ( v )  is the argument of the parameter and 
P(v)’ is the corresponding primed variable. 

Until now, we develop the design framework in 
which the behavior of each component can be specified. 
We use this framework for describing specifications of 
systems as well as their designs: we describe the spec- 
ification S of a system in a primitive action, that is, 

Component 
Caccount 

an action without any sequence operator or invocation. 
Then, we can check whether the design D of the system 
satisfies S by showing D implies S (i.e. D + S) .  More 
precisely, we give a primitive action for each function- 
ality of the system and associate it with the invocation 
of a method. By the semantics given above, it is pos- 
sible to show the effect of the invocation implies the 
primitive action. 

As noted earlier, we demonstrate the proposed 
framework by the bank example in MSDN[13]. In the 
example, the system has five components that have 
one method respectively and supports three services 
- c r e d i t ,  d e b i t ,  and t r a n s f e r .  The first compo- 
nent created by customer is Caccount. After it receives 
the service request from customer, it creates necessary 
components and invokes methods. If a service request 
is processed successfully, the receipt number must be 
increased by 1. But, in case of failure, the receipt num- 
ber can be increased or not. As shown in Table 2, all 

Method 
credit(a, amt) 

Caccount debit(a, amt) i Caccount txfer(a, b, amt) 

I 
Crcpt I rcpt-print() 

Behavior 
Ccredit.credit(a, amt); 
Crcpt.rcpt-print() 
Cdebit.debit(a,amt); 
Crcpt.rcpt-print() 
Ctransfer.txfer(a,b,amt); 
Crcpt . rcpt-print () 
a’ = a + amt 
a’ = a - amt 
Cdebit.debit(a, amt); 
Ccredit.credit(b,amt) 
R ’ = R + l  

Table 2. Components design of bank example 

methods in the design are described in the sequence of 
actions. 

For example, we explain the specification of the 
functionality t r a n s f e r  and describe its design as pro- 
posed in MSDN. And, we show that the design for the 
t r a n s f e r  service implies the system specification. The 
following shows the specification of the functionality 
‘ t r a n s f e r  amt from a t o  b’: 

(a’ = a - amt A b’ = b + a m t  A R’ = R + 1) 
(a’ = a  Ab‘ = b A  R‘ = R+ 1) 
(a’ = a A b’ = b A R’ = R)  

V 

V 

where a and b represent the accounts of the bank, amt 
represents the amount of money transferred from the 
account a to the account b, and R represents the unique 
number of the receipt that is issued for this transaction. 

Let us consider the specification further. The speci- 
fication considers potential failures of the bank system. 
The second and last lines of the specification represent 
the failure cases of the transfer. The last line specifies 
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the case where all operations fail and anything does not 
changed. This case is vain but endurable since it does 
not violate the integrity. The second line looks more 
complicated. This case allows the partial failure of the 
bank system. The receipt should have the unique num- 
ber for identifying the transaction. However, it is not 
required that the numbers of receipts increase consec- 
utively. 

The following derivation shows that Cac- 
count.txfer(a, b, amt) implies the specification 
‘transfer amt from a t o  b’. 

Caccount.txfer(a, b, amt) 

Ctranfer.txfer(a, b, amt); Crcpt.rcpt-print() 

Cdebit.debit(a, amt); Ccredit.credit(b, amt); 
Crcpt.rcpt-print() 
{by the invocation, three times} 
a’ = a - amt; b’ = b + amt; R’ = R + 1 

a’ = a - amt A b’ = b +  amtA R’ = R +  1 

(a’ = a - amt A b’ = b + a m t  A R’ = R +  1) 
V ( a ’ = a A b ’ = b A R ’ = R + l )  
V (a’ = a A  b‘ = b A  R’ = R) 

G {by the invocation} 

G {by the invocation} 

E {by independent actions property} 

-+ {logical implication} 

4 Incorporating Transaction into the 
Framework 

When we consider the possibility of failures, design- 
ing a system correctly become complicated. Suppose 
that a failure terminates an action during its execu- 
tion. Thus, the state can be partially updated and 
its integrity may break. Let us consider the action 
x’ = x + 1; y’ = y + 1 as an example. When we assume 
that failures can occur arbitrarily and that each prim- 
itive action is performed atomically, this action may 
result in three cases: when a failure occur before the 
execution of the action, no change occurs and the in- 
tegrity remains the same. If a failure occurs at the end 
of the first action’s execution, it may causes the incon- 
sistency since the value of z increases but the value of y 
remains the same. When no failure occurs, all updates 
are performed correctly. In summary, when consider- 
ing the failure, we deduce the following result from the 
behavior of the action: 

(z’ = z A y’ = y)  
V ( z ’ = z + l A y ’ = y )  

V (z‘ = z + 1 A y ’  = y +  1) 

For managing the complexity introduced by the fail- 
ure, recent middleware technologies such as MTS, EJB, 

and CORBA employ the transaction facility. In this 
section, we incorporate the notions of failure and trans- 
action into the proposed framework in the MTS setting. 

As noted earlier, each component has a transaction 
property and transaction pro perties of involved com- 
ponents determine a transaction boundary, where the 
instructions are executed atomically. 

Before developing an algorithm for reasoning the 
correctness of design, let us introduce several special 
symbols and auxiliary functions. Two symbols T and # 
are used to represent extraordinary cases: the symbol 
T means that no change occur!; and everything remains 
the same. For example, the :sequencing action ~ ; a  is 
equivalent to  a and a ; ~ .  The symbol # indicates an 
abnormal termination caused by a failure. Thus, any 
action positioned after # has no effect. For example, 
the action a l ;  #; a2 is equivalent to  a l ;  # and al since 
# means a failure. 

The algorithms uses the functions a p p e n d ( A ,  B ) ,  un- 
f o l d ( a )  and type(a):  the function append(A, B )  takes 
sets A and B ,  and generates a new set by appending 
the elements of B to those of A using the sequence op- 
erator. For example, append({a, b } ,  {c, d } )  results in a 
set {a ;  c, a;  d, b; c, b; d } .  The function unfo ld(a)  maps an 
invocation a to its substituted definition by arguments. 
When unfold(a,) is substituted, the formal parameters 
in the design is replaced by the actual parameters. 
F9r example, unfold(Ccredit.credit(b, 10)) results in 
b’ = b + 10 when Ccredit.credit(a, amt) a’ = a + amt. 
When a is an invocation, the function t ype(a)  maps a 
to the transactional property of the component that 
has a as its method. 

Using the following algorithm, we can deduce the 
result of actions from the trmsactional properties of 
involved components and their designs. 

1 f u n  boundary @ , a )  
2 case a of 
3 
4 sequence(a1; az):  
5 let 
6 var fst = boundary(b, a l ) ;  
7 var snd  = boundary(b,az)  
8 in 
9 if b = null 
10 
11 
1 2  else 
13 r e t u r n  append(fst, s n d )  
14 end 
15 invocation: 
16 
1 7  
18 
19 else 
20 return boundary@, unfold(a)) 

primitive: re turn  { a }  //primitive action is atomic 

then //a failure may occur  
return append(fst U {#}, s n d  U {#}) 

if type(a) =tx-new V (type(a) =tx-req A b =null ) 
then //new transaction boundary is created 

return (7) U boundai-y(new-Tx()::b, unfoZd(a)) 
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21 end ties, we obtain the result 

{ 7, a ’ = a - a m t ; b ’ = b + a m t ,  

a’ = a - a m t ;  b’ = b + amt ;  R’ = R + 1 

This result shows that the proposed refactoring makes 
the design violate the specification since 

) 

{ 7, a ’ = a - a m t ; b ’ = b + a m t ,  

a’ = a  - amt;b’  = b + a m t ;  R’ = R +  1 

(a’ = a - a m t  A b‘ = b + a m t )  

(a’ = a  - a m t  A b’ = b + a m t  A R’ = R+ 1 )  

(a‘ = a A  b’ = b A  R‘ = R)  

} 
- - - 

V 

V 

-H 

(a’ = a - a m t  A b’ = b + a m t  A R’ = R+ 1 )  
(a’ = a A  b’ = b A  R’ = R +  1 )  
(a’ = a Ab‘  = b A  R’ = R)  

V 

V 

As shown by the above result, the design allow a’ = 
a-amt; b’ = b + a m t  since the component Crcpt has the 
transaction property tx-new and, thus, the new trans- 
action may fail independently. In this case, the unique 
number for a receipt is lost while the transfer between 
accounts is performed correctly. 

To remedy this problem, we change the design of 
transfer in the component Caccount as follows: 

T = Crcpt.rcpt-print(); 
if T = success then Ctransfer.txfer(a, b, a m t )  

where T is a special variable for denoting the result of 
the previous transaction. The revised design prevents 
the erroneous case (i.e. a’ = a - amt;b’ = b + amt )  
since it does nothing when the first transaction created 
by Crcpt fails. By applying the above algorithm to 
the revised design, we obtain the following result that 
satisfies the specification. 

{ 7, R ’ = R + I ,  
R’ = R + 1; a’ = a - amt ;  b’ = b + a m t  } 

Let us explain the above algorithm in details. In this 
algorithm, we assume that there is no component that 
have the transactional property tx-not. The parameter 
a of the algorithm is an action and the parameter b 
is a sequence of transaction boundaries. Its head rep- 
resents the current transaction boundary. When it is 
null, there is no transaction boundary. 

The algorithm treats an action a case by case: when 
a is primitive, it return {a} since primitive actions 
are assumed to be performed atomically. When a is 
a sequencing action, we must give close attention since 
there is a possibility of failures. When a failure oc- 
curs, there are two possible cases. The first case is that 
there is no transaction boundary when the failure oc- 
curs. In this case, the failure aborts the action. Line 9 
checks whether there is a transaction boundary or not. 
When there is no transaction boundary, the symbol # 
is added for considering the possibility of failures(in 
line 11). In contrast, the second case, in which actions 
are performed in a transaction boundary, is considered 
in lines 16-20. Note that failures cause the rollback of 
actions when they are in a transaction boundary. Line 
16 shows the condition of a new transaction boundary 
creation in MTS. When a new transaction boundary 
is created, the symbol r is added for considering the 
possibility of rollback(in line 18). 

As an illustration, we apply the algorithm to the 
previous bank example. A service such as t r a n s f e r  
must be executed atomically. Thus, all necessary com- 
ponents for t r a n s f e r  have to  be grouped in a trans- 
action boundary. But, a large transaction boundary 
may degrade the scalability. Thus, we may improve 
the scalability by refactoring the transaction boundary 
if it is not violate the specification. 

Following refactoring of the transaction boundary is 
proposed in MSDN for the scalability purpose. How- 
ever, we claim that the refactoring violates system 
specification. MSDN proposes to change the trans- 
actional properties of some components like following 
table. By applying the above algorithm to the design 

5 Related Works 
I Component I Old Tx.  Prop. I Changed Tx. Prop. I 

There was several researches on the safe 
transaction[8, 9, lo]. Safe transaction is the one 
that preserves the integrity constraints of related 
database. The integrity constraints of a database is 
a kind of requirements, and is specified in database 

Table 3. A refactoring example schema. From the user’s point of view, there is no dif- 
ference between preserving constraints and satisfying 
requirements. Thus, we can consider the two concept 
as the same one. of components and their changed transactional proper- 

361 



In the research of Qian and Waldinger[S], the 
database specification is described in a special logic, 
called transaction logic. Because transaction and con- 
straint are specified in logic, they stated that the verifi- 
cation of integrity constraint and validation of a trans- 
action against a set of integrity constraint are possible. 

Sheard and Stemple[lO] described an automatic ver- 
ification tool that can prove the transaction safety at  
compile-time. Their tool took database schema con- 
taining constraint and transactions as inputs, and tried 
to  prove the safety of those transactions. By proving 
the safety of transactions, they could ensure the safe 
evolution of database by the transactions. 

These researches deals with reliable(safe) transac- 
tions. But, they just considered transactions in one 
database, and didn’t consider the transaction failure. 
We can use MTS not only in one database, but in dis- 
tributed database. Additionally, for a reliable trans- 
action, we must consider more complex requirements 
among components participating in transactions. Only 
if a transaction satisfy user’s requirements that are 
spanned over several components, we can say the trans- 
action is reliable. 

In [ll], authors proposed transaction correctness cri- 
terion in transactional component based application. 
They regarded each component as a transaction man- 
ager, and defined composite transaction as a transac- 
tion that is spanned over several distributed compo- 
nents. To complete concurrent composite transactions 
successfully, they attempted to  find a serializable exe- 
cution path of the composite transactions. Although 
their research provided a framework for correct execu- 
tion of concurrent composite transaction in distributed 
system, they didn’t consider the failure of transac- 
tion. 

6 Concluding Remarks 

In this paper, we proposed the method for designing 
reliable component systems. The goal of our work is to 
assist developers with designing the behavior of compo- 
nents and assigning the proper transactional properties 
to  them. To this end, we formulated the MTS system 
and developed the framework for describing the design 
of each component in a system and reasoning about 
it. For illustrating our framework, we showed that the 
design of the bank example violates its specification. 
We strongly believe that the refactoring of transaction 
boundaries is common practice for improving scaliabil- 
ity and, thus, the developed framework is useful when 
evaluating refactorings. 

It should be noted that there are future work for im- 
proving the presented work. First, it is required to inte- 

grate our framework with UML since UML is a de facto 
modeling language and it is widely used for component- 
based systems. Second, reformulating the proposed 
framework in EJB setting :is promising since EJB is 
another major infrastructure of component-based sys- 
tems. Finally, the development of automatic integrity 
checking tool is required. It may include the general 
rules for checking integrity and design primitives for 
designing complicated component systems. 

References 

Jim. Gray, Andreas Reutw. “Transaction Processing”. 
Morgan Kaufmann Publi,shers, 1993. 

Rodney Limprecht. “Microsoft Transaction Server”. 
Proceeding of COMPCON. (San .Jose, CA, February 
1997) 

Don Box. “Essential C0.M”. Addison Wesley, 1998. 

Guy Eddon, Henry Eddon. “Inside DCOM”. Mi- 
crosoft Corporation, 1998. 

Paul Harmon. I‘ Microsoft Transaction Server”. Com- 
ponent development strat,egies. V0L.IX. N0.3,  1999 

Leslie Lamport. “The Temporal Logic of Actions”. 
ACM Transaction on Programming Languages and 
Systems. VOL 16. 1994. 

Philip A. Bernstein, Eric: Newcomer. “Principles of 
Transaction Processing”. Morgan Kaufmann Publish- 
ers, Inc. 1997. 

Michael Benedikt, Timothy Griffin, Leonid Libkin. 
“Verifiable Properties of Database Transactions”. 
PODS. Montreal. 1996. 

Xiaolei Qian, Richard Witldinger. ‘Transaction Logic 
for Database Specification.”. Proceedings of the confer- 
ence on Management of data. Chicago. 1988. 

T. Sheard, D. Stemple. 
database transaction safety”. 
Database Systems. Vol.14, No.3, 1989. 

Gustavo Alonso, Armin Fl3bler, Guy Pardon and Hnas- 
Jorg Schek. “Correctness in General Configurations of 
Transactional Components”. Proceeding of the 18th 
PODS. Philadelphia. 1999 

Vlada Matena, Mark Hapner. “Enterprise JauaBeans 
T M  Specification. u l .  1 ”. !Sun Microsystems, Inc. 1999 

“MSDN Online Library”. 
http://msnd.microsoft.conl/isapi/msdnlib.idc?theURL= 
library/psdk/mts20spl/1ntxpglOvb~7d~.htm, 2000 

“Automatic verification of 
ACM Transaction on 

362 

http://msnd.microsoft.conl/isapi/msdnlib.idc?theURL

