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Does Better Process Lead to Better Product?
— Software Symposium 97 2308 —
BLU
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— SEA Forum June 1997 —

Alexander L. Wolf
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Software architecture is the principled study of large-
grained software components, including their properties,
relationships, and patterns of combination. This is an
emerging area of study in software engineering that brings
together several threads of research conducted over the past
25 years, including design, analysis, reuse, and process.
We survey the current state of software architecture practice
and research. We describe the origins of software architec-
ture and its relationship to other parts of software engineer-
ing, discuss its current use in industry, and provide a look at
several promising research directions.
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Does Better Process
Lead to Better Product?
A Case Study in Process Data Analysis

Alexander L. Wolf

Software Engineering Research Laboratory
University of Colorado at Boulder

http://www.cs.colorado.edu/users/alw

e

Dynamic Process Improvement Cycle

A map won’t help you plan where fo go
unless you already know where you are

-29-
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Definitions

prre

+ Process Model
— abstraction of a process captured in a notation
— often represents desired process performance

+ Process Execution
— actual performance of a process by actors

¢ Process Event

— identifiable, instantaneous action used to
characterize the behavior of a process

An Event Taxonomy

EVENT CLASS EXAMPLE ? T

Y Automatlon  invoke tool -
‘ on caII manager

accept _do_c'ument
'attend trammg "
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Process Event Data Analysis

+ Create Visualizations

+ Infer Behavioral Properties

+ Discover Process Models

+ Validate Process Models and Executions
L

Dilemma: Collecting Process Events

¢ On-Computer
— tool invocations, document modifications, ...

+ Off-computer
— reviews, inspections, decisions, ...

¢ Communication: On or Off Computer?
— person-to-person, telephone, email
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Which Events are Visible?

Execution Events

N Coflected
N TBvents

Modeled Events

Can be too expensive
to collect all events

Opportunistic Data Collection

+ Direct Observation Logs
¢ Participant Logs
¢ Tool Logs

¢ Result: an interwoven stream of events

Many organizations are already collecting

process event data --- but they don’t know it!
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Sample Event Stream

P

95/01/19 00:00:00 carod-abstract IC34811 miso supper - software load problems

45/01/19 0G0:00:00 carod-create 1C34811 jcook clos CTSC-IC 52334 2 supporlt

$5/01/19 00:00.00 carod-dcreated 1034811 machlreseive

95/01/23 00:00:00 carod-dupdated IC34811 mach!isuppor2

$5./02/16 09:39:44 mr-createmymr developert command=createmymr abst=Al: CAROD 134811 add

95/02/16 (19:47:46 mr-acceptmr developert g=1000L4.1f mr=MR52334 tiu=nontiumr

85/02/16 09:47:48 mr-assign developert g=1000LE. tf mi=MR52334 pgmr=developeri
prio=medium tiu=nonti.inr

950216 09:48:02 mr-asnmymr develcperi g=1000L6. 1f mr=MR52334

95/02/16 09:51:09 code-checkin [6sces/db/fornmsicom’s.ecp.fs change developart MR52334 1

95/02:16 09:52:49 code-checkin I6sces/db flamt/com/s.ecpinup.c change developer 1 MR52334 1

95/02/16 00:00:00 code-inspect 52334 ECP_FORM 106000000100 1

9570218 10:37:31 mr-test-plan (developart)

95/02/20 12:55:01 mr-smit developer1 g=1000L6. 1f mr=MR52334

Q5,02/20 12:56:26 mr-smitsys developert g=1000L6 . 1{ mr=MR52334

§5/03/22 07:26:26 mr-bwmbuilt bwmadm g=1000L6.1f mr=MR52496,MR5

95/03:28 17:50:31 mr-acptsys bwimadm g=1000L8&.1f mi=MR52496 MR5

$5/04/19 00:00:00 carod-solved IC34811

95/06/20 00:00:00 carod-update IC34811 clos 06-20 closed

Industrial Case Study

+ Conducted at AT&T (Lucent Technologies)

+ Collaborators
— David Christensen (Bell Labs Wireless)
— Jonathan E. Cook (University of Colorado)
— Lawrence G. Votta (Bell Labs Research)
— Alexander L. Wolf (University of Colorado)

-33-
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Definitions for Case Study

Snpe

& Good Process
— a process that follows the prescribed model!

+ Good Product
— a product that is accepted by the customer

Motivating Question

Much effort and money are spent in
defining a “good” process model

Does following this process result in a
‘good” product?
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A Further Motivating Question

AT BT S IANHRS T TR

2u

Projects routinely collect process data, but
either don’t know they exist or don’t know
what to do with them

Can useful information about the process
be gleaned from these readily available
data?

Case Study

+ Goal: to correlate process behavior with
customer acceptance of product

+ Design: a naturally occurring process

— process execution is the independent variable
and is not manipulated
» exploit readily available data
— decision (accept or reject)n by the customer is
the dependent variable

— 141 accepts vs. 18 rejects

=35-
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Threats to Validity

+ Construct Validity
— customer rejection as the defect metric
— most other data automatically collected
+ Internal Validity
— no conclusions of causality

+ External Validity
— small, repetitive maintenance process

Process Under Study

+ Customer-problem fix process
+ One developer per fix
+ Software update released to customer

+ Customer either accepts or rejects the
update

26
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pne

e

Process Under Study (Simplistic View)

Sources of Data

+ CAROD database

— provides customer interaction events
+ MR logs

— provide change tracking events
¢ SCCS logs

— provide source code change events

+ Code inspection database
— provides inspection events

-37-
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Aggregate Metrics

“Metric.

: Accept

- Reiect' |

“NCSL |

P-VaiUé
¥2.:0,23

217.22

166.22

NFiles |

-0.32

1) ,75

2.4

~“NEvents - | =

0.25

©30.34

1.35.22:

CTime |

0.19

180.83

O.GO

1418.20

68.17

MTime |

5:.0.72

96.89

8794

- Developer |

oo Significant e

Results: Aggregate Metrics

+ Developer performing the fix correlated

with customer acceptance of fix
— developers have areas of expertise
— some subsystems harder to change
+ Delay in starting the fix correlated with
customer rejection of fix
— problem may be harder to understand
— developer’s understanding may degrade
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Are Readily Available Data Useful?

¢ Answer: YES

+ Uncovers well-known correlation of
developer to quality

+ Uncovers interesting relationship of delay
time to success/failure of process
— organization now tracks delay time

Model/Execution Correspondence

+ How well does model predict execution?
+ How well does execution follow model?

¢ Process Validation Methods

— measure the correspondence of a process
execution to a process model

— identify areas in the model where failed
processes differ

-39-
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Process Validation

Sk A R TR S TR D I b RS TA Eae T

+ View event streams as sample strings
— a language over the alphabet of the process

+ Execution event streams collected as data
— represents single execution of the process

+ Model event streams derived by analysis
— many possible streams

+ Use string distance as conformance metric
— number of insertion and deletion operations

A Simple Example
mode: BCDBCDEFGHJKMN
exeeution: BCDCDEEFGLKMN
ransform: BCDBCDE - FG . HIKMN

Insertion and ... operations transform the
execution stream into the mode/ stream

Insertion interpreted as missed event,
deletion interpreted as extra event
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Two Process Validation Methods

+ Simple Stream Distance (SSD)

—simple weighted sum of operations
normalized against maximum weight and
length of stream

+ Non-linear Stream Distance (NSD)

— exponential weighted sum of operation blocks
norinalized against maximum weight and
length of stream

Prescribed Model Metrics

Metric | P-Value| Accept| Reject
8SD 019+ 10.65(+:0.72
NSD 0.01} 29.75 ..,!-f’88.58}j:;f
Matches 0.62| 17.93] 16.11
Missed .0.80] 6.96] 7.33
M-Blocks 0.22|:8.30] 943.17:
"E-Blocks | 045| 488 522

-41-
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Prescribe
Model
Graphic

covod-solveq|

Blue is difference in
model

Qrange is difference
et tomt in execution

T | Green s difference
e in both

Results: Prescribed Model

+ Model an ideal sequence of process steps
+ Only about half of the behavior matched
the model

+ Area around code check-ins measured
significantly less correspondence for
rejected fixes

+ Area around mr-test-plan also measured

significantly less correspondence
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Discovering Model of “Normal” Process

i

e

Only about half the process behavior is
accounted for by the prescribed model

Is there a model of the process that more
accurately captures the process as
executed, as opposed to prescribed?

Process Discovery

e

+ View event streams as sample strings
—a language over some alphabet

+ Use grammar inference to discover the
language
— finite state machines

¢ Infer the behavioral structure of the
process from the finite state machine
— sequences, selections, and iterations

-43-
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A Simple Example

sample event stream:

discovered model:

Discovered Model
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Discovered Model Metrics

NSD '

Metric o

| P-V

alue| Accept

Reject

sspD

0.41

~.0.56

061

00,00

24.49

 59.96

Matches

52079

21.39

‘Missed |

0.10]

- 21.15
%:7.18

- 8.28

Extra

w771

10.17

'M-Blocks |

0.49

- 3.22

E-Blocks |

.4.20

4,22

&
[
3

o

U7

Discoverse

Model

- gt

Graphiq
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Results: Discovered Model

¢ Model was generated from the data itself
using process discovery methods

¢ About two-thirds of the events matched the
model
— indicates much variability in the process

+ Code check-ins again significant
+ Customer delivery significantly different

Can Conformance Lead to Quality?

¢ Answer: MAYBE

¢ Converse true
— Process deviations correlate with product
problems
+ Questions raised about quality of model

— organization now reformulating the model
upon which decisions are being made
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Case Study Conclusions

: SRR

+ Readily available data can be useful
— avoids time/cost of undirected instrumentation
— points to areas for in-depth study

+ Statistical results show that deviating from
the “normal” process can be dangerous
— but, prescribed process may not be normal
— first documented evidence of correlation

Important Lessons Learned

+ Process data may be hiding in your
organization: Put them to use!

+ Management models of processes may not
be accurate: Don't trust them!

¢ Process data analysis is a powerful tool
that does not have to be expensive: Ity it!
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Software Architecture

Alexander L. Wolf

Software Engineering Research Laboratory
University of Colorado at Boulder

http://www.cs.colorado.edu/users/alw
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Software Architecture

The principled study of software
componants, including their propartias,
relationships, and patterns of com matr n

Also, a particular set of software
components as combined in a particular
software system

Role of Architecture in the Process
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Architecture is Central Planning Phase

5 ST A R AT T AT 2 RN 2 s . . e

Good Architecture Phase Lowers Costs

Cost of Error Repair

Phase of Error Discovery
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Architecture Affects Integration Issues

Mrer

System Test Errors

Integration Test Errors

Error Count

fy,// Unit Test Errors

Architectural Domains

——— Application Domain —

Data Processing
Transaction Processing
Telephone Call Processing
Flight Dynamics Control

® ¢ ¢ o o

Buece Computer Science Domain —

Pipes and Filters

Layered Abstract Machines
Shared Repository

Clients and Servers

® 4 ¢ o o

-51-




SEA Forum June Seamail Vol.11, No.2

Problems < Solutions

s,

Application Domain —
A program is compiled by sucosssive appiication
of lexical analysis, syntactic analysis, semantic

analysis, and code generation.

Computer Science Domain —
The gutoit of cne component is the input io
ancihar component.

Problems < Solutions

Application Domain —
Each agent in the telephone network is a
separate computational entity.

Computer Science Domain —
Each operating system prccess is a separate
computational entity.
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Problems < Solutions

T A AT

Apphcatlon Domaln ey
Network services are organizad 33

where each layer adds value to services of

lower layers. Services at a layer are defined
independently of how they are performed.

Computer Science Domain —
Components are organized 2s iayers, such
that each layer provides services only to
next higher layer and uses services only of
next lower layer.

Example: Database Architectures

+ Traditional Business Data Processing
— processing steps are independent programs
— each step completes before next step starts
— data stored and passed through tapes

\Balch Sequential Arciectuiz
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Example: Database Architectures

+ Centralized Database
— monolithic query/update/store engine
— applications as serializable transactions

SharedRepos:tory Archltecture

Example: Database Architectures

+ Modern Database Toolkits
— discrete, interchangeable components
— applications as distributed clients
— integration of multiple databases

R A SR e R R et
S Bt ARCERA TR
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rda LMD NI T TR

Software Architecture Specification

3z

¢ Design Elements
¢ Form
relationships among elements

¢ Rationale

justification or arguments for choices of
elements and form

+ Constraints
properties and weights

g

Design Elements

¢ Processors/Functions/Transformers/Actors
¢ Data/Information
¢ Connectors/Glue

+ A Useful Metaphor
Consider Polo, Water Polo, and Soccer:
Similar in processors and data, but differ in
connectors
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Form

s (AL AN Y

+ Approaches

e Formal * Picture * Analogy
* Prose e Prototype Contrast

¢ Abstraction

e Complete * Modular e “White lie”
+ Audience/Purpose
e Adoption e Building e Education

» Comparison * Analysis

Example: Language Compiler

—» Tue Data Flow

~~#  Conceptual Cata Flow
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Example: Language Compiler

processing element Lexer
imports data element Characters
exports data element Tokens

processing element Parser
imports data element Tokens
exports data element Phrases

connecting element Pipe
connects Lexerto Parser

Major New Thrust: Design Patterns

+ Design Method for Object-oriented
Systems

+ Generic Solutions to Generic Problems
+ Design by Pattern Selection

+ Distilled from Practical Experience

+ Implementations Readily Available




SEA Forum June Seamail Vol.11, No.2

Some Design Patterns

npes

+ Creational Patterns
* Factory * Builder e Singleton

< Structural Patterns

* Adaptor * Bridge Facade
e Composite ¢ Decorator e Proxy

¢ Behavioral Patterns

e Command e lterator e Observer
* Interpreter <« Mediator Strategy

Elements of a Pattern

¢ Name
How to refer to the pattern

¢ Problem
Where to apply the pattern

+ Solution
What abstractly constitutes the pattern

¢ Consequences
When to use or not use the pattern
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Are Patterns Architecture Technology?

¢ Encourage Reuse
+ Rigorously Defined
+ Higher Level of Abstraction

But...
really a programming aid
very small grain, at level of individual

Formalizing Architectural Specifications

+ Structure (Form)
How is the system organized?

< Function
What does the system compute?
+ Compatibility
When is a system properly composed?

+ Specializations
How are generic systems constrained?
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Benefit of Formalization: Analysis

+ Consistency of Style Constraints
+ Satisfaction of Style by Architecture

+ Satisfaction of Requirements by
Architecture and of Architecture by
Implementation

+ Consistency of Structure and of Behavior
+ Effects of Changes

Software Architecture Validation

+ Quality Improvement Technique
—developed at AT&T Bell Laboratories
— part of Best Current Practices program

¢ Goals...
— assure reasonable and cost-effective designs
— detect fundamental design errors eatrly
— reuse corporate asset base

¢ Uses Formal Reviews and Checklists
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Timing of Reviews

o serpmr

selected architecture

Formal Reviews

¢ Team Effort Involving Whole Project
— raises sensitivity of engineers to architecture

+ Participants
— Organization Manager
— Project Manager
— Project Team
— Planning and Architecture Team
— Architecture Review Board

-61-
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Organization Manager

+ Sets Tone for All Projects in Organization
— highest-level buy-in is critical
+ Provides Leadership and Resources
— importance of architecture and reuse
— costs of creating documentation
— costs of reviewing documents

Project Manager

¢ Acts as Advocate for Customer Needs
+ Seeks Simplest Design Possible

+ |dentifies High-valued Customer Features

— uses scenarios to walk through
implementation
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Project Team (PT)

+ Creates Design Documents
+ Prepares for Presentations at Reviews
+ Refers to Checklist

+ Maintains On-line Activity Diary
—open to all team members to monitor status

Planning and Architecture Team (PAT)

+ Responsible for Developing Architecture

+ Membership: Small-team Subset of PT
— Product Managers (marketing)
— System Analysts (requirements)
— Engineers (design and development)
— Testers (quality assurance)
— Users (customer)
— Chairperson (team facilitator)
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Planning and Architecture Team (PAT)

Smpor ey R TGP EasE)

+ Approach

— iterative refinement of architecture, with
members as catalysts for information flow

— architecture repr'esents CONSENSUS view
¢ Life span |

— created after business case

— first event: discovery review

— second event: architecture review

— monitoring role during implementation phase

Architecture Review Board (ARB)

+ Develops a Project Assessment |
— based on requirements and design documents
— generates list of questions |
— identifies strengths and weaknesses of design |

+ Membership
— chairperson
— 3-5 outside experts
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Project Design Documents

. project scdpe R 0 decisions < e pdstmonem

o assumptions -~ ‘e rejectedoptions -« good experiences
"e constraints . e rationale e badexperiences
‘¢ data’process flow « auditrail . S racommendations
o pedormance goal ~ - A R i g

» risks 1

Formal Review Process

PT schedules meeting with ARB
l; ARB appoints reviewers

PT provides documents to ARB
r i ARB generates list of questions

S

L— 2 wee‘ks —->|<~ 2 days —J '

ARB and PT review architecture J
ARB generates preliminary findings

PT develops action plan based on findings
ARB and PT present plans to management
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Experience

BTN 2

+ Over 200 Projects Reviewed Since 1988

+ Benefits

— preparation for review led to better
understanding of product by entire project
team

— checklist standardizes the design process

— geater attention paid to OA&M, performance,
and error recovery

— information exchange led to greater reuse

Checklist

+ Stimulates the Thinking Process
— used during design and review preparation
+ Based on Experience
— cover areas of major concern found by ARBs
¢ Areas Covered by Checklists
— error recovery (36)
— operations, administration, & maintenance (s3)
— performance (74)
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Checklist Examples

KD TR T MO SN AL AN D TR 5T SRS VTR SNV B TR I e s

Can the system operate without the database?

What is the error rate expected in parsing data input?

What are the failure modes?

Is there anything that prevents running on a multiprocessor?

How many environments are there for maintaining the system?
Can disk space be recovered while the system is active?

How much headroom have you built into the architecture?

Are there processes through which the system is single threaded?

How many bytes per second of message data must be processed?

Software Architecture Today

+ A Leading Research Topic
— formal approaches
— context for reuse
— context for reengineering (“archeology”)
— domain-specific architectures
+ Gaining Acceptance in Industry
— formation of architecture teams
— architecture-driven product strategies
— view of architectures as corporate assets
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Some Significant Open Problems

BB A AT

+ Extra-functional Properties
— performance, cost, experience, reliability, ...
— need specification and reasoning techniques
+ Education and Training

— need “architects”, not “carpenters”
— need rewards for architects, not hackers
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