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ABSTRACT

This paper presents CBAM Assistant, atool that semi-automates the Cost Benefit Analysis Method (CBAM) devel oped
by the Software Engineering Institute (SEI) at Carnegie Mellon University. CBAM is a process used to estimate the
Return on Investment (ROI) of various software architectural design strategies. CBAM generally follows the Architec-
tural Trade-off Analysis Method (ATAM) also developed by SEI. ATAM aids in defining scenarios and architectural
strategies. The result is a qualitative trade-off analysis of the various strategies. CBAM further refines the scenarios and
architectural strategies from ATAM. CBAM aids in quantitative analysis for cost, utility and importance ratings to de-
termine the ROI of each architectura strategy. CBAM Assistant is a web-based system that walks a user through the
CBAM process which can be started by using scenarios and architectural strategies created from ATAM. The tool is
intended to be used by afacilitator who will provide input from stakeholders. The primary output of the tool isthe ROIs
of each architectural strategy for comparison and selection.
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1. Introduction

Getting a software application development completed
on time, within budget with all functiona and non-fun-
ctional requirements originaly specified has been a
challenge and sometimes impossible. This issue often
arises because requirements are not completely understood
early enough in the development process. Non-functional
reguirements are often inadequately specified. As aresult,
many software architecture designs do not efficiently
support the business needs.

As systems become larger and more complicated, the
need for a structured development process becomes cru-
cial. The right software architecture design can help im-
prove timing of system updates, modifications and cost.
To help developers determine the best architecture design
for their business needs, especialy the non-functional re-
quirements such as performance, availability, security, etc.,
the Software Engineering Institute (SEI) at Carnegie Me-
[lon University developed Architecture Trade-Off Analy-
sis Method (ATAM) [1] and Cost Benefit Analysis Me-
thod (CBAM)) [1,2]. CBAM generaly follows ATAM
that aids in defining scenarios for nonfunctional require-
ments specification and analyzing architectural strategies.
The result of ATAM is a qualitative trade-off analysis of
the various design strategies. CBAM further refines the
scenarios and architectural design strategies from ATAM.
CBAM aids in quantitative analysis for cost, utility and
importance ratings to determine the ROI of each archi-
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tectural design strategy. These architecture centric me-
thods can improve the quality of software systems. How-
ever, using these methods requires having access to an
expert of the methods. Manually practicing these pro-
cesses can be time consuming. Thus, it is desirable to
have tool support for these methods.

This paper presents CBAM Assistant, a web-based
semi-automation of the CBAM process. As a quantitative
method, CBAM has its great value for software architec-
ture design analysis. The development of CBAM Assis-
tant aims at facilitating the application of CBAM so it
can be widdly used. CBAM Assistant walks a user through
the CBAM process which can be started by using sce-
narios and architectural strategies created from ATAM.
This tool is intended to be used by a facilitator who will
provide input from stakeholders. The primary output of
the tool is the ROIs of each architectural design strategy
for comparison and selection.

2. Background and Related Work
2.1. ATAM

ATAM s a nine-step, four-phase process in which the
stakeholders define scenarios to specify the non-func-
tional requirements for software architecture design.
Quiality attribute scenario specifications provide a quan-
tifiable requirement for quality attributes (performance,
availability, modifiability, usability, security, etc.). The
stakeholders prioritize the scenarios, identify and evalu-
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ate architectural approaches.

ATAM also identifies trade-offs and risks in software
architecture designs. For example as a system becomes
more secure, the availability of the system may have to
decrease. The trade-off points are identified for scenarios
that affect other quality attributes as a side effect.

The output of ATAM includes. scenarios, mapping of
architectural decisions to the scenarios, list of sensitivity
and trade-off points and a list of risks and non-risks.
While ATAM provides the developer with guidance to
which architectural strategies would best suit the busi-
ness needs, it does not incorporate the economic impact
of these strategies. Thisiswhere CBAM can be effective.

2.2. CBAM

CBAM uses the output from ATAM as a starting point. It
can be used independently from ATAM. CBAM helps to
ensure that non-functional requirements or quality attri-
butes are fully stated. CBAM dlicits and documents the
benefit (or utility) and cost associated with each archi-
tectural strategy defined. The cost of implementing each
architectural strategy is also gathered from the stake-
holders and then analyzed. The output from CBAM sum-
marizes the ROI (Return On Investment) for each archi-
tectural strategy in consideration. ROI is calculated to
show which strategy yields the most benefit. CBAM helps
the developers choose the architecture design that will
yield the best return on investment for the software sys-
tem. There are few techniques found that incorporate the
economic impact into software architecture analysis.

CBAM is an incremental nine-step process. Firgt, sta-
keholders define, refine and further prioritize scenarios.
The top 1/3 scenarios are selected based on priorities
established. In Step 2 stakeholders define the response
goals for the best, worst, current and desired cases for the
selected scenarios. In Step 3 the stakeholders vote on
each of the selected scenarios considering the expected
response goals. 100 votes in total are allocated by the
stakeholders. The votes are used to rank the priority of
each scenario. The scenario with the most votes has the
highest priority. Step 4 uses the top 50% of the scenarios
from Step 3 based on votes (i.e. top 1/6 of the total). In
Step 4, stakeholders assign a utility rating to each re-
sponse goal (best, worst, current and desired) for the se-
lected scenarios.

In Step 5 stakeholders develop or review architectural
strategies for the top 1/6 scenarios. A cost is assigned to
each architectural strategy. The scenarios impacted by
the strategy must also be defined. In Step 6, the stake-
holders determine the expected response goals and utility
rates for each scenario and architectural strategy.

The benefit is calculated in Step 7. The benefit for
each architectural strategy is based on the current utility
rating and expected utility rating for each scenario im-
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pacted by the strategy. The benefit (b) for a given sce-
nario (i) based on strategy (j) is calculated bjj = Uexpected —
Ucurrent: Uexpected 1S the utility expected if the scenario is
implemented and U gyen 1S the current utility.

The total benefit for the strategy is the sum of the
weighted benefit for each scenario impacted by that
strategy. The weight (w;) of a scenario is based on votes.
The total benefit (b)) for an architectural strategy is the
sum of the weighted benefit for each scenario impacted

by the strategy or qu xW where w; is the weighting

for scenario i. The ROI is the ratio of total benefit for an
architectural strategy divided by the estimated cost of
implementing the strategy.

The output of CBAM is the ROI for each strategy be-
ing compared. The output also includes alist of architec-
tural strategies with their expected utility and total bene-
fit. In Step 8, the developer uses CBAM output to deter-
mine the architectural strategies that best suits the busi-
ness needs. In Step 9, the developer must confirm results
based on experience and intuition. For example if a
costly strategy that the developer expected to have lower
benefit, is returned with the best ROI, the developer may
need to review prior steps for accuracy and revisions may
be required. The user can run an updated report and re-
view again.

2.3. CBAM and ATAM Integrated

SEI aso developed an integrated method for ATAM and
CBAM [3]. This method optimized the steps if both
ATAM and CBAM are going to be performed. The inte-
grated process further differentiates between new archi-
tecture and changes to existing architecture. The process
is intended to save stakeholders time and to be more pre-
cisethan doing ATAM and CBAM separately.

2.4. ATAM Assistant

ATAM Assistant [4] is a tool developed to semi-auto-
mate the ATAM process. ATAM Assistant is a desktop
tool that walks a user through the various phases of the
ATAM process. The ATAM Assistant tool provides out-
put including architectural approaches discovered, scena
rios defined, votes and priorities for scenarios. This out-
put can be used as inputs for CBAM Assistant. The tools
are not fully integrated at this time and a user must
manually enter inputs into CBAM Assistant, but this can
be automated. CBAM Assistant also requires additional
information to calculate the ROl of each architectural
strategy.

2.5. Other Methods

Other methods for evaluating software architecture in-
clude: Software Architecture Anaysis Method (SAAM)
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[5], Software Architecture Analysis Method Founded on
Complex Scenarios (SAAMCYS) [6], Software Architec-
ture Analysis Method for Evolution and Reusability
(SAAMER) [7], Scenario-Based Architecture Reengi-
neering (SBAR) [8], Extending SAAM by Integration in
the Domain (ESAAMI) [9], Architecture Level Predic-
tion of Software Maintenance (ALPSM) [10] and Soft-
ware Evaluation Model (SAEM) [11].

SAAM is a five-step method to analyze software ar-
chitecture. SAAM evauates impact of architecture on
each scenario. The result of SAAM is an evauation of

how well each architectural design supports various tasks.

SAAMCS is arisk assessment. The output of SAAMCS
shows various factors that indicate the number of com-
ponents affected, how complicated maintenance will be
and a conflict rating. SAAMER builds on SAAM.
SAMMER evaluates the evolution and reusability of ar-
chitecture. SAAMER determines the cost of an architec-

ture, where the cost in terms of effort required for change.

SBAR determines the most efficient use of an architec-
ture design to achieve quality attribute goals. ESAAMI
expands SAAM to focus on reuse within the specified
domain. ALPSM analyzes maintainability and SAEM
predicts system quality.

Some methods evaluate specific quality attributes.
SAAM, ESAAMI and ALSPSM evaluate modifiability
[12]. SAAMCS evaluates flexibility. SAAMER evaluates
evolution and reusability and SAEM evaluates overall
quality. CBAM varies from these methods by evaluating
multiple architectural strategies and quality attributes.
ATAM & SBAR evauate multiple quality attributes and
architectural designs but provide qualitative results where
CBAM is quantitative. CBAM also includes an economic
impact which is not considered in the other methods.

3. Design and I mplementation
3.1. Architecture

CBAM Assistant walks a user through the CBAM proc-
ess which can be started by using non-functional re-
quirement scenarios and architectural strategies created
from ATAM. The tool takes inputs from stakeholders
during the process, performs quantitative architectural
analysis, and generates reports primarily showing the
ROIs of each architectural design strategy for compa-
rison and selection.

Model-View-Controller (MVC) architecture pattern
was chosen for the CBAM Assistant application. MVC
separates concerns so that one can change the design of a
web page without changing the data content of the page.
This is done within the views. The models get the data
content to be displayed. Queries in the models can be
modified without affecting the web page, as long as the
components do not change. The business logic is con-
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tained within the controller. The project is intended to be
available for future enhancements. The architecture al-
lows other programmers to work on a single component
without having knowledge of the entire system.

CBAM Assistant is built in Microsoft's ASP.NET 4.0
usng MVC 3 (Modd-View-Controller). ASP.NET is part
of Microsoft Visual Studio (2010) which is integrated
with SQL Server Express (10.0.1600). Data classes and
relationships are managed by Ling to SQL which is part
of the Visual Studio package. The framework provides a
lot of built in functionality for routing, user authentica-
tion and validation. The project can be easily modified
and is available to developers for future enhancements.

In MV C, the model defines the data components (view
models), data repositories and validation needed for each
view. The controller contains the business logic. The
controller uses the view models and repositories to send
information to the view. The view smply displays the
data. The view expects information in the form of some
view model object.

As shown in Figure 1, the CBAM Assistant architec-
ture consists of the CBAM database, CBAM data classes,
models (view models and repositories), the controllersand
views. NPOI is an open source Apache project that faci-
litates generating Microsoft Excel reportsfor the user [13].
The CBAM data classes are abstractions of the database.
Users do not directly access the database. The CBAM
models contain data repositories and data views which
describe data components available for use in each view.
For example, if a user clicks on “Create Scenario” in the
scenario view, the request goes to the scenario controller.
The controller then gets information such as project name
and project 1D from the model repository then returns the
scenario view model to be displayed. The view describes

h
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CBAM Data Classes /

/ CBAM

f Models

| -Repositories

'\\-View Models
|" CBAM
\ Views Excel
% Report
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Figure1. Architecture.
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the format and layout of the information sent by the con-
troller and displays the information to the user.

The CBAM Assistant models contain repositories and
view models. The model repositories contain the func-
tions needed to get or modify data. The view models de-
fine objects and the relevant components for a specific
view. The validation rules for the components are de-
fined as well. Recall, CBAM is an incremental process.
The prior step must be completed before one can move
on. The validation for the same object can vary depend-
ing on the step. For example, a vote for each scenario is
not required in CBAM Step 1, yet it is required for sce-
narios in CBAM Step 3. ASP.NET MVC makes it easy
to define the validation rules for each model separate
from the view.

The CBAM Assistant views display information pro-
vided by the controller. Each web page displays at least
one view and may include partial views. When a user
submits information or clicks on the page, the request is
sent to the controller.

The CBAM Assistant controllers process requests from
the view. Updates are made through the model reposito-
ries and new information for the next display is requested
from the model views. The controller then responds to
the view and sends the new output.

The reports are generated in excel using NPOI. NPOI
is an open source apache project. It alows one to read
and write to excel without having excel installed on the
server. NPOI currently supports Excel 2003. An XML
template is used to define the report format. There are
multiple sheets defined within the template. The Report
controller handles rendering the final report. The report
controller calls a stored procedure to calculate some of
the final numbers for the output. The controller then gets
the data for each sheet and writes the data to the template
using NPOI. Then the controller sends the excel report as
an HTTP response. The end result is a downloaded excel

Data classes show how the models, views and control -
lers interact in CBAM Assistant. CBAM Assistant uses
JQuery tabs to display information for each step. Valida-
tion varies at each step in the project. For example in
Step 4 users assign utility to the top 1/6 scenarios. Utility
is not required prior to this step. The following section
explains the role of the models, views and controllers.
Step 4, assigning utility, will be used in the examples.

3.2. Data Classes

The structure and relationships of the data objects are
defined in the data classes. The data classes have corre-
sponding repositories and view models. The repositories
define actions and queries to be performed and the view
model defines the data components needed for a specific
view.

Figure 2 shows the data classes. Steps are updated by
the system after a user makes a change. Each project has
a list of scenarios and a list of architectura strategies.
The utility class contains the current, best, worst and de-
sired utility and response goals for each scenario. The
relationship between scenarios and architectural strate-
gies are defined in the expected utility class. The ex-
pected utility class identifies the response goal and ex-
pected utility for each scenario that is impacted by an
architectural strategy. The Importance and Quality At-
tribute classes are lookup classes that hold descriptions
only. The measures needed to calculate the ROIs are de-
fined in the benefit class. A stored procedure, spGet-
Benefit does the calculations to get the measures needed
for the ROI.

3.3. CBAM Assistant Models

Each data class has a corresponding repository, data model
and aview model as shown in Figure 3. The repositories
define the functions needed to get data for each class. For
example, Scenario Repository contains queries such as.

~
3] Euality Attribute Response Type ¥
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report for the user.
[Step ¥] [Importance
Y
4

(" Scenario

Project &
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} )

"

-
Architectural Strategy

- -, )
3]0 IExpected Utility ¥
""" y,
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Benefit
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¥ spGetBenefit (System.Int 64 projID)

Figure 2. Data classes.
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4 | Models
#] AccountModels.cs
#] ArchitecturalStrategy.cs
] ArchitecturalStrategyForUtil.cs
] ArchitecturalStrategyRepository.cs
] ArchitecturalStrategyViewModel.cs
. 2] CBAM.dbml
#] TArchitecturalStrategyRepository.cs
] IProjectRepository.cs
] IScenarioRepository.cs
] IStepsRepository.cs
] ILtilityRepository.cs
#] Project.cs
] ProjectRepository.cs
] RuleViolation.cs
#] Scenario.cs

Figure 3. CBAM models.

Get By ID and Get Top Third. The repositories also con-
tain update functions such as: Add and Save. The data
models show the components and validation for the
model. For example, Scenario.cs in Figure 3 is the data
model for the scenario data class. Figure 4 shows the
metadata for Scenario.cs that defines name and descrip-
tion as required along with the error message to user.

As auser goes through the CBAM steps, the validation
rules will change. For example, utility is defined in Step
4 for only the top 1/6 scenarios. To account for this a
model is created for use in the view corresponding to
each step. These models define the components and vali-
dation applicable to that step. Figure 5 shows the sce-
nario object used in Step 4. A list of utilities is added to
the scenario object. Each scenario in Step 4 (top 1/6)
must have a description for the utilities. Thus, the utility
description is defined as required for validation.

The view models connect all components needed by a
view, or multiple views, with data from the repository.
Figure 6 shows the Create Index view model which is
used to create a scenario index or list. Create Index view
model includes: the project name and ID, a list of sce-
narios for the project, the number of steps and next step
to be completed. These are all the components that show
on the web page. Create Index is used by all steps to get
the information that shows on the top of the page and the
initial scenario data.

3.4. CBAM Assistant Views

The application is set up using JQuery tabs. There is a
tab for each step. Each tab contains at least two view
pages, the tab header, “Step” and another view, which
displaysthe detail.

The step view displays the information shown in Fig-
ure?. Thisisashared view available to al controllers. If
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[MetadataType(typeof (ScenarioMetalata))]
public partial class Scenaric
{
[Bind(Exclude = "ScenarioID")}]
public class ScenarioMetalata

i
[Required(ErrorMessage = "Please enter description™)]
public string Name { get; set; }
[Required(ErrorMessage="Please enter description™)]
public string Description { get; set; }

h

}///metadata for client side walidation
Figure 4. Scenario meta data.

public class ScenaricForUtil
{//must also update scenario controller class to populate
public long scenaricID { get; set; }
public string Name { get; set; }
public string Description { get; set; }
public List<util> wtilities { get; set; }

h

[Bind(Include = "ID, Description, projectID")]
public partial class u:il[:]

[MetadataType(typeof{utilMetabData)}]
public partial class util

{
[Bind(Exclude = "utilID")]
public partial class utilMetaData
{ // validation rules for the util class
[Reguired(ErrorMessage = "Description is Required™)]
[Stringlength(25@, ErrorMessage = "Description must b
public String Description { get; set; }
}
}

Figure5. Scenario for Step 4.

jel Createlndex

public static ¢ ioView
ar ory repository, leng projectID)

(IScenariof

{
var viewModel = new ScenarioViewModel();
viewModel.projectID = projectID;
viewModel.Scenarios = repository
.GetByProjectID(projectID)
.OrderBy(x => x.Priority);
viewModel.Steps = repository
.Steps().ToList();
viewModel.ProjectName = repository
.GetProjectByID(projectID).Name;
viewModel.nextStepToComplete = repository
.NextStepToComplete();
return viewModel;
}

Figure 6. View model.

Must Complete Step 1 Scenarios before continuing.
+ Step 4. Assign Utility (Top 1/6)

Need at least 6 scenarios to continue. Add more scenarios

Figure 7. Tab header.

all prior steps have been completed, then the tab header
has an “Edit” link. If there is till work to be done on
prior steps, the view will show alink directing the user to
the next step to be completed. The tab header, “Step”
also displays an expandable help reference that provides
more information about the step to a user. Figure 7
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shows step view for Step 4 if Step 1 has not yet been
completed. The second view on each tab displays the
detail.

Figure 8 shows the view control page for Step 4. The
view page takes amodel of type “ Scenario View Model”.
This view renders the “Step” view, to display header
information, followed by a view called “Top Sixth List”,
which shows the scenario detail list. The controller will
send the data to the view for display. The Step view takes
two parameters; 4 for the step and the project ID. Each
step is set up in asimilar manor.

3.5. CBAM Assistant Controllers

There is a controller for each data class as well. The con-
troller has “Action Result” functions to get or post data
as requested or sent by the views. The business logic for
updating the database in contained in the controller
classes. Figure 9 shows the scenario controller actions
triggered when a user selects tab 4. Action result, Step 4
instantiates the Create Index view model and sends it to
the Step 4 view for display. Recall, the Step 4 view ex-
pects an object of type Scenario View Model which is
the view model type sent by the controller.

The controllers handle the data that go into and come
out of the views. Controllers request information from
the repositories to populate view models. The view mo-
dels contain various data models. The views display in-
formation from the controller in the format of a model.

4. CBAM Assistant Wor kflow

The workflow of CBAM Assistant is shown in Figure 10.

CBAM Assistant is intended to have a main user who

<%@ Control Language="C#"
Inherits="System.Web.Mvc.ViewUserControl<CBAM.Models.ScenarioViewModel>" %>

<%@ Import Namespace="CBAM.Controllers™%>

<@ Import Namespace="CBAM.Models"&»

<div><¥ Html.RenderAction("Step”, new { id=4, projID = Model.projectID}); ¥></divs

<% if (Model.Scenarios.FirstOrDefault() != null 8& Model.Scenarios.Count() > 6)
{%
<% Html.RenderAction("TopSixthList", new { projID = Model.projectID });%>
<% } else { %>
Need at least 6 scenarios to continue.
<¥= Html.ActionlLink("Add more scenarios”,"Index")%>
<%} %>

Figure 8. View control—Step 4.

// GET: /Scenarios#tab-4

public virtual ActicnResult Step4(long projID)

{
var vmodel =

ScenarioViewModel.CreateIndex(scenarioRepository, projID);

return View(vmodel);

}

public virtual ActicnResult TopSixthList(long projID)

i

var vmodel =
ScenaricViewModel.CreateTopSixth(scenarioRepository, projID);
return PartialView(vmodel.TopSixthScenarios);

}

Figure 9. Scenario controller—Step 4.
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Figure 10. Workflow.

.
(1)) W Select Project
~ Facilitator

acts as a facilitator for the CBAM process. CBAM is an
iterative process, where prior steps must be completed
before you can move on. In each step, a user or facilitator
would gather feedback from all stakeholders and enter
their input into the system. This tool walks a user through
the steps, lets a user know what step is to be completed
next, tracks all input and finally, once all steps have been
completed, a user can generate a report showing ROl and
other indicators.

Asshown in Figure 10, first, a user must select or cre-
ate aproject (1). Next, auser will select a step to work on
(2). For a new project, a user must start at Step 1. Each
time a user saves changes (3), the system will check to
see if there is enough information to move on to the next
step. A user ultimately determines when each step is
complete, but the system will ensure there is sufficient
information for calculating the results.

The system will update the progress indicator after the
user saves updates. The progress indicator shows the user
which steps are available for edits (3). The screen will
update and open any new steps for editing (4). Each step
is always available for review in case a user makes
changes later in the process that requires them to go back
afew steps.

Once a user has completed all steps, the system has
enough information to calculate benefit and ROI, at Steps
7 and 8 of CBAM. A user can then select to generate a
report (5). The system creates an excel report showing
the ROI for each architectural strategy. Other inputs from
a user are included in the report including the priority of
scenarios and the scenarios impacted by each architec-
tural strategy.

5. CBAM Assistant Application

This section presents CBAM Assistant in action by
showing an example using NASA ECS [1]. The system
collects and processes data from satellite. In the example,
the project manager is deciding which system enhance-
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ment should be made based on the budget. Software Ar-
chitecture in Practice [1] provides the step by step details
used in this example.

Figure 11 shows the first screen when the user laun-
ches CBAM Assistant. The user can create a new project
(2) or go into an existing project (2). Create New requires
the user to add a name and description for the project.
Once that is done, the user can work on the project by
selecting “ Start” (2). Project “ECS-EODIS Core System”
will be used for this example.

Figure 12 the project home page is displayed once the
user selects “Start” in the home page. The project home
page displays the project name in top right corner (1).
The “Project” menu button (2) takes the user back to this
screen. The “Home” button leads the user to the list of
projects available shown in Figure 11.

The address bar (3) tells the user where they are in the
project. For example “.../1/Scenario/Edit/5” tells the user,
they arein project 1, editing scenario 5. The progress bar
(4) tracks completed steps and shows the user the next
step to be completed. Each step is laid out in tabs (5).
Each tab has an expandable help bar (6) that provides
more information about the step. The detail for each tab
is shown (7). If the user has completed the prior steps,
the user can also make edits.

The CBAM Assistant steps vary slightly from CBAM
since some steps are automated by the system. CBAM
Assistant steps are shown in Figure 12 (5) and in Figure
13. In Step 1, the user must enter and prioritize scenarios.
Steps 2 through 4 are the same as CBAM. Step 5 in
CBAM Assistant covers both steps 5 and 6 of CBAM.
Steps 7 and 8 of CBAM are automatically calculated by
the CBAM Assistant system in the report output that is
available after all steps have been completed.

The first step in CBAM Assistant is to define and pri-
oritize scenarios. If CBAM is following the ATAM
process, scenarios from ATAM can be used. The tool
allows the user to create new scenarios and enter the de-
tails. Users can then drag and drop scenarios into priority
order as shown in Figure 14. Once the user has defined
and prioritized at least three scenarios, Step 2 is available
for edit.

In Step 2, the user adds the best, worst, current and de-
sired response goals for the top 1/3 scenarios. Any miss-
ing definitions are highlighted to inform the user of mi-
ssing items. When complete, Step 3 is available for edit.

In Step 3, the stakeholders vote on the top 1/3 scenar-
ios. The distribution of votes among stakeholders is de-
termined by the group. A total of 100 votes must be used.
The user or facilitator enters the total votes for each sce-
nario. Once the votes for the top 1/3 scenarios equal 100,
the group is ready for Step 4.

In Step 4, the user enters the utility gained by each re-
sponse goa for the top 1/6 scenarios (see Figure 15).
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Figure 11. Home page.
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(5) Step 1. Scenarios I Step 2. Refine (Top 1/3) I Step 3. Vote I Step 4. Assign Utility (Top 1/6) I Step 5. Architectural Strategies '
Create New
(6) |+ siep1. sconarios
1D Priority  Name Descripti Importance Votes DateAdded LasiModified
Edi
(7) Detail | ] NiA 0 053022011 053072011
Delele
|

Figure 12. Project home.

Step 1. Scenarios T Step 2. Refine (Top 1/3) T Step 3. Vote
es

Step 4. Assign Utility (Top 1/6) T Step 5. Architectural Strategi

Figure 13. CBAM assistant steps.

» Step 1. Scenarios

ID Priority  Name L

m
&

Distribution

Eait

Detail 11 Ffan NIA o 05/30/2011 057302011
Delete sz

% A Lostdistribution  Reduce data distribution failures that A oI e Fsan il ks
j—la‘e requests  (3r, resultin lost distribution requests o S
Edit e t rder: 1 on

Detal OrdecFalkion. | EASC8 B raabar clorders it fekon |y 0 05[02011 05302011
Raka the order submission process

kil Manual Order  Reduce order falures that resuitinhung |+ o P 0ehoo Lt
lel-zfe faiures arders that requite manual intervention st sl
Edit

Detail Lost Orders : e Order falurea thatresultinlost 0 05302011 05302011
Delete

Figure 14. Prioritize scenarios.

? EDIT Utility

Step 4: Back to List

- R Goals/Utili
Scenario esponse Goals/Utility

Worst Current Desired Best
ID: 1 10% hung 5% hung 1% hung 0% hung
Distribution
Failures 10 80 95 100
2B 2 >5% lost  <1% lost 0% lost
Lost
distribution 0 70 100 100
reguests

T 2 A s £t rne £-f1 ane £-11 e Eat

Figure 15. Step 4 entry screen (sample data, not all records
included).

The top 50% of scenarios from Step 3 are used based on
votes. Utility is between 0 and 100. The user may choose
to use a scale between 1 and 5 or 1 and 10 for example.
Once utility is entered for each, Step 4 is complete.
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In Step 5, the architectural strategies are defined. The shows the raw benefit, the weight (or votes) and the
user describes the strategy, estimates the cost of imple- normalized benefit (raw benefit multiplied by weight) for
menting the strategy and tags all scenarios impacted by each scenario affected by an architectural strategy. The
the strategy. Next, the user defines the expected utility cost for the architectural strategy is aso shown. Other
and expected response of each scenario if the strategy ~ worksheets include the scenario details and the response
was to be implemented. Once all strategies and impacts goalsfor each scenario.
on scenarios are defined, Step 5 is complete. In the Scenario worksheet, the user can review infor-

Once the steps above have been completed, the user  mation entered for each scenario (Figure 19). All sce-
can use the system to generate a report. When the user  narios entered to the system are included in the Scenarios
clicks on the report option, the system summarizes the  worksheet. Figure 19 shows the top 10 scenarios as an
benefit for each strategy, as described in Step 7 of  example. The user can see the priority, name, description,

CBAM, and calculates the ROI, described in Step 8 of  spurce, artifact, environment, response, response measure
CBAM. An excel file is downloaded to the user. The file and votes for each scenario.

contains five reports or worksheets: ROI, Architectural In the Scenario Response Goal worksheet, the user can
Strategies, Strategy Benefit Detail and Scenarios. BElow  yeview the descriptions and response goal information.
describes and shows an example of each. The Scenario Response Goals worksheet displays the

The most critical worksheet, shown in F!gure 16, dis- best, worst, desired and current response goals for the top
plays the ROI of each strategy. The strategies areranked  1/3 geenarios based on priority. Figure 20 shows a sam-
in descending order with the best ROI listed first and ple of the report. The Scenario Response Goals work-
ranked_ 1. The Benefit, Cost and ROI of the top three  gheet also shows best, worst, desired and current utility
strategies ranked by best ROI are graphed to display the  tq the top 1/6 scenarios based on priority. The priority,

difference in ROIs. _ name and votes for the scenarios are included as well.
The Architecturd Strategy worksheet (Figure 17) shows

name, description, the scenarios affected, current response, 6. Validation and User Help
expected response, current utility and expected utility for
each architectural strategy included for review. CBAM Assistant contains client and server side vaida-

The Strategy Benefit Detail worksheet (Figure 18) tion and help for each step. Figure 21 shows validation for

ECS - EOSDIS Core System

ROI for Architectural Strategies

Fank Ststeay oo o
1 Order persistence on sul'l $1,200 750 0.63
2 Order segmentation 2 200 100
3 Order reassignment M3 400 120
4 Order retry fa 200 100 0.50
5 Forced order completion (5 200 50 0.25

Strategy 3

Hpenefit MCox  —+RO!

Figure 16. ROl worksheet.

Architectural Strategies

Scenarios Current Expected Current Expected

Strat| Name Description Affected Response Response  Utility utility

Order persistence on 5% fail 2% fail
submission Store an order as soon as it arrives. 5 <1% lost 0% lost 70 100

2 Order segmentation  Allow an operator to skip items that can 4 5% hung 2% hung 80 90
not be retrieved due to data quality or
availability issues.

3 Order reassignment  Allow an operator to reassign the media 1 5% hung 2% hung 80 92
type for items in an order.
4 Order retry Allow an operator to retry an order or 4 5% hung 3% hung 80 90

items in an order hat may have failed
due to temporary system or data
problems.
5 Forced order completic Allow an operator to override an item's 1 5% hung 3% hung 80 85
unavailability due to quality constraints.

Figure 17. Architectural strategy wor ksheet.
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Strategy Benefit Detail

Scenario Current Expected Raw
ID Utility Utility Benefit

Normalized

ID |Strategy Benefit

wit{Votes)

1 iQrder persistence on submission 3 70
"1 "iOrder persistence on submission 1200:5 70 100 30 15 450
"2 iOrder segmentation 200:4 80 90 10 10 100
"3 "iOrder reassignment 40011 80 92 12 10 120
"4 " Order retry 2004 80 90 10 10 100
"5 Forced order completion 2001 80 85 5 10 50

Figure 18. Strategy benefit detail.

Scenarios

Priuril'n Name n Description n Source Artifact n Stimulas n En\rimnmenln Response I!esponseﬂeasuren anesn

1 Distribution failures  |Reduce data distribution * System Data within the syst Distribution fai Runtime Manual Interver Hang time

2 Lost distribution requ{Reduce data distribution * System Data within the syst Distrubution fa Mormal operation Lost requests Lost requests

3 Order Failures Reduce the number of orcSystem Data within the syst submitssion p Normal operation Qrder fails 15
4 Manual Order failures|Reduce order failures tha System Data within the syst Order Failure Mormal Qperation Manual Interver Hung Orders 10
5 Lost Orders Reduce Order failures the System Data within the syst Order failure Mormal Operation Lost Orders  Lost Orders 15
3 Guest failed/canceleqThere is no good method Qutside system  Data outside systen Guest failed/c; Mormal operation Manual Interver Manual Intervention 10
i User Failures Users need more informa System Data within the syte User MNormal operation Motify user of e User failures 5
(] QOrder Limitations Due to limitations, there i System Data within the syst Order Size  Mormal Operation Inform user of | number of orders 5
€] Small Oder Notificati¢ Small orders result in too System Order Processing  User Orders  Mormal Operation Notifications to Less notifications 10
:10 User Process time  |The system should proce System Data within the syst User Request Mormal Operation Process reque: Process time 5

Figure 19. Scenarios.

Scenario Response Goals

Best Current Desired

Current

Priority_|Name Votes | Response " Response .. Response

-] B Blcoal B """E Goal  H "™ H Goal
1 Distribution failures 10 0% hung 100 5% hung 80 1% hung 95 10% hung 10
2 Lost distribution requests 15 0% lost 100 =1% lost 70 0% lost 100 5% lost 0
3 Order Failures 15 0% fail 100 5% fail 70 1% fail 100 10% fail 25
i Manual Order failures 10 0% hung 100 5% hung 80 1% hung 95 10% hung 10
G Lost Orders 15 0% lost 100 =1% lost 70 0% lost 100 10% lost 0

Figure 20. Scenario response goals.

?  EDIT Utility

Step 4: Back to List

Response Goals/Utility

Scenario Worst Current Desired Best

393

Save

10% hung 5% hung 1% hung 0% hung
'I:D 1 Distribution -9 The field Utility it The field Utility
ailures must be between 0 and ) 100

must be a number.
ID: 2 Lost >95% lost <1% lost 0% lost
distribution requests 0 70 100 100
. 10% fail 5% fail 1% fail 0% fail

ID: 3 Order Failures 25 70 100 100
ID: 4 Manual Order 10% hung 5% hung 1% hung 0% hung
failures 10 80 95 100

10% lost <1% lost 0% lost
ID: 5 Lost Orders D\ 70 100 100

Figure 21. Client side validation.

the utility page in Step 4. Errors are highlighted and the
user isinformed on how to correct.

CBAM Assistant assumes that users will not always be
able to complete a step in one session, Validation for
these cases are done server side only. The user will be
warhed, but completed entries will be saved. The step
will not be considered complete until all the utilization
fields are updated. Figure 22 shows the messages to the
user once they hit save. Two records are saved correctly
and the user iswarned that arating is required.

To help the user, the description of each step can be
expanded to show an overview of the step. Thisis shown

Copyright © 2012 SciRes.

in Figure 23. Within each edit page, there are question
mark icons to help the user understand how to fill out
information and guide the user on what is required for
the step to be complete, see Figure 24.

7. Conclusions

CBAM Assistant is a web-based tool designed to semi-
automate the CBAM process. The CBAM process is de-
signed to lead the developer to the architectural strategy
that best meets the business needs. The semi-automation
of this process makes it available to more developers for
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2 EDIT Utility

Step 4: Back to List
Please correct the errors.

2 Record(s) Saved Successfully

*Rating is required

Scenario Raspor
Worst Current
ID: 1 Distribution 10% hung 5% hung
failures 80

Figure 22. Error on save.

[ Step 1. Scenarios T Step 2. Refine (Top 1/3) T Step 3. Vote T Step 4. Assign Utility (Top 1/6) W

Edit
~ Step 4. Assign Utility (Top 1/6)

» Determine the utility for each quality attribute response level (worse-case, current, desired, best-case)

Figure 23. Help—step description.

For the top 1/6 scenarios, determine the utility for
each quality attribute response level (worse-case,
current, desired, best-case) for the scenarios from
step 2. Top 1/6 are determined by top 50% of
votes from step 3.

e BiEclrmm b Enter numeric value of utility achieved by each
failures response goal.

ID: 2 Lost distributic® Uility can be between 0 and 100 for each
response. You may choose to use values between

) 1and 5 or 1 and 10 for example.
ID: 3 Order Failures . )
» Utility for worse<=desired<=best

?  EDIT Utility
L
Step 4: Back to List
Scenario

requests

ID: 4 Manual Order

failures This step is complete once utility has been defined
for all scnearios listed (top 1/6).
ID: 5 Lost Orders P
Figure 24. Help—edit pages.
use.

A facilitator is needed to coordinate meetings with
stakeholders and gather the information required. CBAM
Assistant will walk users through the steps, track the next
step to complete and perform calculations to show the
user the architectural strategy that yields the best ROI.
The developer can then use this information to choose
the strategy, which best suites the needs for the business.

Software is becoming more complex, which makes
methods such as CBAM a necessary part of the software
development process. The system can help users without
CBAM expertise to go through a well-defined process.
This system can promote use of CBAM in the software
development process, improving efficiency, time, cost
and quality of software in the long run.

There are future enhancements in consideration. The
project currently does not have strict rules for authenti-
cating users. With ASP.NEW MVC, it is simple to add
user authentication. Automated integration of ATAM

Copyright © 2012 SciRes.

Assistant and CBAM Assistant will reduce data entry
effortsif both systems are used for a project.
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