
be uniquely referenced. This assumption is reason-

able considering the increasing popularity of object-

oriented databases; it also holds true for relational

databases with unique key fields, and file systems

with unique file pathnames.

ECC manages all transactions created by TMS and

allows TMS (or TMS/ECC mediators) to define the

composition and dependencies of transactions. Each

transaction is either a “top level” transaction or haa

at least one parent. Through composition, TMS

can create nested transaction hierarchies of arbitrary

depth and breadth. Transactions may have depen-

dencies on other transactions, such as commit and

abort dependencies [6]. If transaction 2“1 has a com-

mit dependency upon T2, then T1 can’t commit until

T2 does. If T1 has an abort dependency upon Tz, then

TI must abort if TZ aborts. TMS use dependencies

to group individual transactions into units.

ECC defines its interface using mediators, frag-

ments of special code needed to integrate ECC with

a particular TMS. Each ECC primitive has two me-

diators associated with it, namely before and after.

When the primitive is requested by TMS, these spe-

cial code fragments are executed before (and after)

ECC services the request. Mediators can override

a primitive request, in effect denying the operation

to take place. Other mediators, such as the access

mediator, allow ECC to interact more closely with

object management services. For example, if ECC is

requested to acquire a lock on a sub-item of a larger

set of data items, the mediator can request intention

locks on all ancestors (as in Orion [11]). During re-

covery, the recovery mediator communicates with

object management services to restore the data ap-

propriately, thus abstracting ECC from any one par-

ticular data represent ation.

The architecture in Figure 3 is open-ended and f3ex-

ible, allowing for several different types of mediators.

The closer the ECC and TMS interfaces match, the

less need there is for mediators; an exact match would

require none. New primitives can be added for a spe-

cific TMS, each with appropriate mediators; this may

require modifying the ECC or switching to an exist-

ing, more sophisticated ECC. task mediators can

work closely with TMS, translating actions at the

task level into the required ECC operations; this is

most appropriate for retrofitting transactional units

onto a TMS that has no notion of transactions.

An example ECC component

We created the PERN component as part of a general

strategy to componentize the existing MARVEL sys-

tem [5]. The transaction manager from MARVEL was
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Figure 4: Interfacing of PERN with ProcessWEAVER

isolated and reengineered as a separate component.

First, references to MARVEL’s TMS were eliminated

from within the transaction manager, so PERN no

longer made assumptions about the structure of user

tasks. PERN was no longer consulted during the in-

stantiation of tasks or their scheduling and execution.

This enables PERN to manage transactions for a wide

range of SDES.

Second, external lock tables and a generic recov-

ery mechanism were implemented in PERN, severing

ties with MARVEL’s OMS. Separating the data items

from the locks being held was a big step towards al-

lowing PERN to be used with arbitrary data reposi-

tories. In addition, the generic recovery mechanism

removes assumptions about the operations that can

be performed within a transaction.

Finally, the mediator architecture was established,

allowing interface code to be written separately from

PERN. These mediators, drawn in dashed boxes in

Figure 3, make the necessary connections to integrate

PERN with TMS and OMS. The two architectures in

Figures 4 and 6 show how we integrated PERN with

OZ and ProcessWEAVER. It is important to note

that the basic architectures are the same: in both

cases mediators were written to attach PERN to the

specific SDES.
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4 ProcessWEAVER

ProcessWEAVER [10] is a set of utilities that adds

process support capability to Unix-based toolkits,

including definition and execution of process mod-

els [12, 16]. ProcessWEAVER executable commu-

nicate with each other through a Broadcast Message

Server (BMS).

A process model in ProcessWEAVER has two lev-

els, the topmost being an activity hierarchy that re-

cursively refines activities into sub-activities. The

second level contains a set of cooperative procedures

(CPS) each of which implements an activity or sub-

activity. A CP is a transition net (a form of Petri

net) consisting of places, tokens, and transitions; its

state is determined by the assignment of tokens to

places. Each transition has a set of input and out-

put places associated with it. When all the input

places for a transition contain tokens, the transi-

tion fires and the tokens are moved to the output

places. Each transition can have co-shell (Process-

WEAVER’S shell-like language) code that is executed

(as a subroutine) when the transition fires. Process-

WEAVER doesn’t have an object management ser-

vice; the desired repositories, file system or database,

are accessed through co-shell code.

Petri nets are excellent for explicitly modeling the

synchronization of concurrent activities of cooperat-

ing agents, but there is no underlying mechanism for

treating conflicting actions of concurrent, indepen-

dent agents that incidentally access the same data.

This distinction between concurrency through syn-

chronization and concurrency control reveals a need

for transactions in ProcessWEAVER. Since Process-

WEAVER is a commercial product without source

code availability, it could not be modified – so we

provided transaction support by integrating PERN,

externally.

We implemented a 200 line co-shell library (see [15]

for details) that defined a mediator for Process-

WEAVER to communicate with PERN. Process-

WEAVER was thus parameterized so that only in-

dividual CPS had knowledge of transactions, not the

rest of the process modeling facilities and execution

framework. This mediator is typical of what would

be needed to integrate PERN into an SDE that pro-

vides an extension language, in this case co-shell,

that makes it possible to directly augment its task

management services. In our demonstration, Process-

WEAVER provides the TMS component and PERN

becomes a physically separate utility working in con-

junction with the other ProcessWEAVER utilities.

In [15] we discussed several alternatives for adding

transactions to ProcessWEAVER, ultimately decid-

ing upon augmenting a cooperative procedure with
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Figure 5: Augmented Deposit CP

additional places and transitions. The CP in Fig-

ure 5, for example, is the result after manually aug-

menting the original transition net contained within

the dotted lines; this requires only three additional

places and six transitions. We envision that a pre-

processor could be built to generate these augmented

CPS with some user guidance, for example, in de-

termining the appropriate starting and ending places

for a CP that determine the logical unit for which the

transaction is responsible.

This particular CP retrieves the balance for ac-

count-l and prompts the user for an amount to

deposit into the account – a conventional transac-

tion processing application. We now step through

the execution of the augmented CP. A transaction is

started at transition –BEGIN–TX through its co-

shell actionz:

{ Begin Transaction }

$tid = Begin (NOCOMMIT, NOABORT, TOP, ROLLBACK);

This issues a remote procedure call to PERN that

creates a top-level transaction that can be rolled-

back and has no commit or abort dependencies on

any other transaction. This transition activates the

original starting place for the CP, Begin, and also

moves into the _Idle place. Note that the original

CP (within the dashed lines) continues its normal ac-

tions. The Idle place monitors the newly created

transaction and has three separate transitions that

are activated if the transaction commits (_c), aborts

2 Go-shell variables start with a $ character. Arbitrary

string values, such as TOP, don’t need to be quoted. The

Begin( ), Access (), and Read_attribute( ) functions are de-

scribed in [15].
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(-a) or suspends (.s). The condition for -a, for ex-

ample, is satisfied if a message of type “pern_abort

$t id” appears on the BMS. If transaction $t id ever

aborts, the CP moves into the abort place, which

exists to allow other CPS to take action in response

to this transaction abort.

For this demonstration, we constructed a miniature

OMS that allowed a CP to read and write the at-

tributes of an object. Transition Fetch_account _l,

for example, executes the following co-shell code:

{ Access account-1 (through an object identifie. $account-1).}
{ Request access fmm PERN, then get data from the OMS }
$action = Access ($tid, $account-1, X);
$v1 = Read-Attribute( $accountJ, balance);

The Access function issues a remote procedure call

to PERN, attempting to set a lock on the account

object in eXclusive mode. If this request succeeds,

Read-attrlbut e issues a remote procedure call to the

OMS to get the balance for $account_l.

At transition deposit ~mt, the user determines

the deposit amount to be added to the balance $vi

(in Deposit) and in transition Update_total, the

new balance is written back to the OMS and the CP

moves into the final End place. At this point, the

new transition –END_TX commits the transaction

by issuing a remote procedure call to PERN. The afler

mediator for commit sends a message to the BMS

of type “pern_commit $t id”. The transition _c will

retrieve this message, clearing out the token at _IdIe,

and the CP will complete successfully. Note that if

the Access function had failed, the afier mediator for

Abort would have sent out a pern_abort message,

thus moving the CP into the abort place.

5 Oz

OZ [4] is a multi-site, decentralized process centered

environment. The OZ process server is the TMS com-

ponent of the OZ architecture and defines a three-

level hierarchy of nested contexts.. The lowest level,

the activity level, is where OZ interfaces to actual

tools (through envelopes [13]). The process-step level

encapsulates activities with prerequisites and imme-

diate consequences (if any) of tool invocations as de-

termined by a process. The task level is a set of

logically related process-steps with the combined set

of their prerequisites and consequences. An OZ en-

vironment is a collection of multiple OZ sites, each

containing its own process server that executes the

local process at that site. Each site communicates

with other sites through an interprocess communica-

tion layer (IPC).

IPc

h I
1)
II

II

I ‘---’ II
II

~L~,
,=_.J;=, ii

: -i (3)1 II

–1
II

— II

~——––––– —————Ji
————

.–L L
~= 1-*.1

J

—(1)1
~= .=-l

, —(2)1

AL.ml ‘————l _—— —

J;@~=- 1 .
————

J ;@—=a— 1
————

–li&mmtxm j –1-81M j
——————— ———————

PERN ,,[1 I
I—,-j l-, –j I–T_.

I ,-W I [-F-4
[ .dkm I ,pala I
L— —i

r

L— —!

T

Oz Object Management System

Figure 6: Interfacing PERN with OZ

The decentralized process modeling aspects of OZ

allow Treaties to be formed between sites to define

the specific collaboration that may occur among those

sites. A Treaty between sites SiteA, SiteB, and SiteC,

for example, defines a common sub-process, one or

more process-steps, that becomes part of each site’s

local process and represents those fragments that in-

volve all three local processes. The execution of such

a shared sub-process by multiple sites is called the

Summit execution protocol or Summit, for short. This

international alliance metaphor emphasizes site au-

tonomy, using Treaties to relax autonomy to the de-

gree (and only the degree) that each local site wishes

to collaborate with other sites.

Multiple users can execute tasks in each of the

local process servers, independent of any simult a-

neously executing Summits. To prevent an envi-

ronment from being left in an “inconsistent state”

when a concurrency failure interrupts a Summit, the

concurrency control mechanism restores the environ-

ment to a “consistent state”. OZ defines consistency

by grouping individual process-steps together into

atomic units that must be executed in their entirety

or not at all. Since each process-step corresponds to

a transaction, OZ creates these units by setting de-

pendencies between transactions.

The MARVEL system, from which OZ evolved, al-

ready provided support for guaranteeing consistency

within a site, but MARVEL supported only single-site

environments and had no notion of Summits. We con-

sidered two possible approaches to providing transac-

tion semantics for Summits. The first required build-
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ing a special purpose transaction manager for OZ.

The better alternative – and the one implemented –

attached a copy of the PERN component to each OZ

process server. PERN’s mediators maintain the nec-

essary decentralized information that allows a collec-

tion of PERN instances to work together to fulfill the

requirements of executing a Summit.

Transaction semantics for Summits can be di-

vided into two parts: synchronizing the updates by

a process-step across several sites (horizontal) and

guaranteeing consistency across process-steps (ver-

tical). The approach to Summit transactions must

not greatly affect the processing of local, indepen-

dent transactions at each site. Recall that each site,

by default, has complete autonomy with respect to

all other sites, and any relaxation of autonomy must

be agreed to a priori by all parties. Each PERN in-

stance, therefore, determines whether to permit or

deny data access from local process-steps. When a

site is involved in a Summit, however, it must neces-

sarily give up some autonomy in order to collaborate

with other sites. The site which starts a Summit is

called the coordinator; the other participating sites

are called participants. The Summit transaction pro-

tocol (not to be confused with the execution protocol)

follows these rules:

1. A Summit process-step, by definition, accesses

data from multiple sites; therefore a local trans-

action is needed at each site for each Summit

process-step.

2. A participant site cannot commit the local trans-

action it created for a Summit until the coordi-

nator directs it to.

3. The coordinator cannot commit its transaction

for a Summit process-step until all atomicity re-

quirements have been fulfilled at all sites.

The mediators in Figure 6, shown here for a PERN

instance at a single site, maintain the appropriate

inter-site transaction dependencies. When the co-

ordinating site wishes to complete a Summit, the

two-phase conunit mediator (number (2) in Fig-

ure 6) is invoked (since it is the before mediator for

commit). This mediator initiates a two-phase com-

mit protocol with all sites involved in the Summit

by sending messages to the remote sites through the

IPC layer. The remote two-phase conunit media-

tors (number (3) in Figure 6)) receive the request and

commit their transactions, thus guaranteeing consis-

tency at all sites involved in the Summit.

6 Lessons Learned

The ProcessWEAVER demonstration covered only

very simple cases, such as the example in Section 4.

This was a necessary first step, however, since Pro-

cessWEAVER itself has no notion of concurrency con-

trol at all. Now that we have a structure that em-

ploys ECC to support conventional transactions, we

are ready to move on to cooperative transactions for

software development processes.

After completing this pilot study with Process-

WEAVER we removed the existing transaction man-

ager from OZ and substituted PERN in its place.

Since PERN is descended from MARVEL’s transaction

manager module, we expected an easy integration.

We were pleasantly surprised at how easy it was to

support decentralized transaction management using

multiple instances of a centralized transaction man-

ager; the mediator architecture made this possible

and reduced the need to develop duplicate function-

ality. For example, there was no need to implement

distributed deadlock prevention since the mediators

were able to reuse the communication deadlock logic

from the OZ process servers. The OZ sysitem is com-

posed of roughly 200,000 lines of C code; the PERN

component is 13,000 lines of C while the PERN/OZ

mediators are 1,800 lines.

The basic architecture in Figures 4 and 6 is the

same. If OZ had not had “hooks” for transactions,

such as the consistency annotations inherited from

MARVEL [1], the details of integrating PERN with

Oz and with ProcessWEAVER would also have been

very similar. For example, we could have incorpo-

rated PERN via Oz’s enveloping mechanism [13] so

that when OZ invoked an activity, PERN would in-

tervene and first lock all parameters to the activity.

When the activity completed, PERN would release the

locks. Such an implementation would map each activ-

ity to one transaction. Multiple process-steps could

be grouped into transactions by adding “dummy”

process-steps, with appropriate prerequisites and con-

sequences, to begin and end the transactions. The

mediators would be different, of course, but the un-

derlying architecture would remain the same.

7 Contributions and Future

Work

Integrating pre-existing, independently developed

components is far from straightforward; the archi-

tecture presented in this paper shows how mediators

can aid this effort. In the absence of standard in-

terfaces for components, particularly legacy systems,

mediators can provide the necessary veneer to allow

components to work together and/or be added onto

“complete” systems.
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Our main contributions are: References
●

●

●

●

Requirements for a concurrency control compo-

nent that exists separately from task manage-

ment services in SDES.

A general architecture forintegrating task man-

agement services and an external concurrency

control component.

A sample external concurrency control compo-

nent, PERN.

Successful application of our architecture to add

an external concurrency control component onto

a commercial product, ProcessWEAVER, with

no prior notion of concurrency cent rol.

There are many avenues for future work. The most

pressing problem is dealing with environment frame-

works with their own built-in concurrency control pol-

icy that is nonetheless deemed unsuitable for some

potential framework applications, such as computer-

supported cooperative work. A sophisticated me-

diator that introduces concurrency control or over-

rides an existing mechanism (like conventional trans-

actions or the checkout model) cannot operate if there

is no way to insert effective entry points and call-

backs to/from the mediator. Fortunately environ-

ment frameworks already provide some facility for

invoking external tools, making a standard architec-

ture with application-specific mediators plausible. In

this paper we have minimized crash recovery (as op-

posed to rollback for concurrency control purposes),

but there are complex issues regarding recovery in

tandem with cooperative transactions [14].
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