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	Software Performance Models from System Scenarios in Use Case Maps
	Dorin Petriu, Murray Woodside
	Dept. of Systems and Computer Engineering
	Carleton University, Ottawa K1S 5B6, Canada.
	{dorin,cmw}@sce.carleton.ca
	Abstract. Software performance concerns begin at the very outset of a new project. The first defi...
	1 Introduction
	Software performance analysis often begins from scenario definitions, which describe the system b...
	Because software designers are (usually) not also performance analysts, the performance-specific ...
	To provide continuous re-evaluation during the evolution of an architecture there must be automat...
	The performance model notation used here is Layered Queueing, because this form of model captures...
	The difficult problem solved by UCM2LQN applies to any scenario notation which binds actions to s...
	There has been considerable effort expended on methods for Software Performance Engineering (SPE)...
	This research pins its hopes on embedding most of the description into the software definition as...

	2 Models for Scenarios and Performance
	2.1 Use Case Maps
	UCM notation was invented by Buhr and his co-workers [6][7] to capture designer intentions while ...
	Figure 1: Example of the UCM notation.

	A Use Case Map is a collection of elements that describe one or more scenarios unfolding througho...
	A path can be traversed by many tokens, and several tokens may occupy a single path at once. The ...
	Paths have the usual behaviour constructs of OR fork/joins (representing alternative paths), AND ...
	The UCM Navigator (UCMNav) [17] was developed by Miga as an editor and repository manager, and ha...
	The UCM2LQN converter (to be described below) is implemented as an add-on to UCMNav, and generate...

	2.2 Layered Queueing Networks
	Layered Queueing Networks (LQN) model contention for both software and hardware resources, based ...
	In an LQN the software resources are called tasks, (representing a software process with its own ...
	An LQN can be represented by a graph with nodes for tasks and devices, and arrows for service req...
	A third type of interaction called forwarding is a combination of synchronous and asynchronous be...
	Models are created in a textual language which can be edited as text or with a simple graphical e...
	The interactions in LQN’s can be understood more clearly using UCMs to show the sequences of even...
	(a) a basic synchronous interaction between two tasks taskA and taskB has a path launched by an a...
	(b) two activities in taskA send messages, one to taskB and a later one to taskC.
	(c) taskA sends an asynchronous message to taskB. The interpretation of the message is the same i...
	(d) taskA sends a message to taskB which is forwarded to taskC, before returning directly to task...

	Figure 2 also shows the LQN notations for forks and joins and for loops.
	Figure 2: Corresponding interactions and structures in UCM and LQN.



	3 Extracting a Layered Performance Model
	The novel contribution in this work is finding disguised synchronous and forwarding interactions....
	3.1 Correspondences between UCMs and LQN’s
	There are some quite close correspondences between some of the scenario entities, and LQN model e...
	Considering these in order,

	3.2 Correspondences of Path Structure in LQN
	Within a component the scenario expression of path structure translates directly to the LQN activ...
	3.2.1 Fork and Join in Separate Components

	In a scenario, paths may fork in one component and join in another. Both UCMs and LQN’s support t...

	3.3 Performance Annotations in UCMs
	The performance annotations on UCM elements were mentioned in the description of the UCM notation...


	4 Scenario to Performance Model Transformation Algorithm
	The algorithm for scenario to performance transformation (SPT) must do the following:
	The UCM is transformed into an LQN on a path by path basis. Each start point is assumed to begin ...
	The SPT algorithm follows a UCM path from its start point. Each element along the path is checked...
	4.1 Call and Reply Stack (CRS)
	The Call and Reply Stack (CRS) is the mechanism that stores the unresolved message history as the...
	A result of this approach is that no message (with its associated workload) is ever lost.
	Figure 3: UCM showing the contents of the CRS after each of a series of component boundary crossi...

	Figure 3 shows a UCM with multiple boundary crossings and the state of the CRS after each of thos...
	The path traversal is made more complicated by the presence of forks and joins. If a fork is enco...
	Figure 4: UCM path showing the order in which branches are traversed.

	Branching can also affect the structure of the CRS. When a fork is encountered the CRS is also fo...

	4.2 SPT Algorithm
	The following high-level description of the algorithm describes the operations carried out at eac...
	(a) create appropriate LQN objects for the current path point
	1.1. if the current point is a start point then
	1.1.1. create a reference task for the start point
	1.2. if the current point is an end point then go to step 4
	1.3. if the current point is a responsibility or a stub with no plugin then
	1.3.1. create an LQN activity and update it with the service requests of the responsibility or stub
	1.4. if the current point is a fork then
	1.4.1. create an LQN fork of an appropriate type
	1.4.2. create a branch CRS for the next branch path to be traversed
	1.5. if the current point is a join then
	1.5.1. if all the incoming branches have been traversed then proceed past the join and merge the ...
	1.5.2. else go back and traverse the next incoming branch
	1.5.2.1. create a branch CRS for the next branch path to be traversed
	1.6. if the current point is a loop head then
	1.6.1. create a repeated LQN activity to be the loop control activity
	1.6.2. create an LQN task to handle the loop body
	1.6.3. add a synchronous call from the loop control activity to the loop body

	(b) look ahead to the next point on the path
	(c) analyze inter-component interactions (identify any component boundary crossings and resolve t...
	3.1. if the current point resides in a component then
	3.1.1. if the next point does not reside in a component then create an unresolved message, with a...
	3.1.2. else if the next point resides in a different component that has a message pending on the ...
	3.1.3. else if the next point resides in a different component that does not have any message pen...
	3.2. else the current point does not reside in a component
	3.2.1. if the next point resides in a component that does not have any message pending on the CRS...
	3.2.2. else if the next point resides in a component that has a message pending on the CRS then i...

	(d) if the current point is an end point then any unresolved interactions are asynchronous
	(e) else set the next point as the current path point and go to step 1

	The algorithm ensures that every responsibility in the scenario is traversed and that a correspon...


	5 Example - Ticket Reservation System
	The Ticket Reservation System (TRS) allows users to browse through a catalogue of events and seat...
	Figure 5: Ticket Reservation System Use Case Map model.

	A User can access the TRS can be used either to browse events by displaying an event schedule and...
	Figure 6: TRS LQN showing activity connections based on the output generated by the UCM2LQN conve...

	The TRS LQN is shown in Figure 6. The LQN shows an initial asynchronous call from the reference t...
	Examining the flow of activities and messages in the LQN, the UCM path is readily identifiable. T...
	The resulting LQN file has been solved by the solver LQNS, to demonstrate that it is a correctly ...

	6 Transforming Other Scenario Models (e.g. UML Sequence Diagrams)
	The SPT algorithm can work with any scenario notation which is based on the sequence connectors d...
	For example, in Sequence Diagrams, each participating instance will be treated as a component and...

	7 Conclusions
	The tool described here addresses the problem of capturing performance issues in the earliest sof...
	The SPT algorithm used in UCM2LQN can be applied equally to scenario specifications in other lang...
	The key difficulty in the conversion is in identifying blocking interactions between software ent...
	The model-building tool is integrated into the UCM Navigator, which is freely distributed and has...
	Some improvements to the model building are still needed in the use of data conditions to define ...
	Acknowledgements
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