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This Talk IEI A

= Software Architecture: past and present
o What is software architecture?
o Evolution of the field and its role in software engineering
= What should software engineers know about
software architecture?
o Elements of a course on software architecture
o Architectural thinking
= Emerging trends and Issues
o Architecture evolution
o Architecture conformance
o Frameworks, platforms, and ecologies
o Conway’s law revisited
= Some questions to ponder

12 March 2010




Examples of Software Architecture Ot

o . e
.
i

expander
obL type
transformers Tayers
and utilities and ulilities

A—B  Acal

BCN
O3 A==3B dats path
Figure 3.1 The Configuration of the GENESIS Prototype
Genesis: A heconfiguration Databsse Kenagement System, . S. Batory, J.R. Barn saten,
¥. Toukeda, B.C. Twichell, T.E.

scy of Texas at Au

Depatasnt of

)
12 March 2010
.
w.rm.
RESEARCH
n—— o -
= BT = B =
| T T S e A e T o, A%
| :.:. .'.:":N_;:' ot Bt 1+ i

0 g oo, frcion v, | /
B P | Lot A et e i
frtend o Adiaiion SEND TRACA Rt 44 et =mws
Ao Freniige i o
s

FIGURE 7. Flight Compater Operating System (The FCOS dispatcher coordinates
and cantrols all work performed by the on-board computers.)

Communications of the AQY, “Architecturs of the Space e Primary Aviontes So “
September 1984, Vol. 27, Na. 9, P. 933 péce Shucela Peinery Avioatos Softwirs Systems,” Gene D. Carlow,

12 March 2010




-
IS [ Eibisid

Window System

S Fron
Application e DPS Dack Display

end end
Program Kemel
og adap- ] adap- System
ter ter

OS adapter

Operating System

Figure 2. Display PostScript interpreter components.

Af Overviow of the DISFLAY FOSTSCREPT™ Sysresm, ddobe Symtems Incorporated, March 16, 1988, F. 10

12 March 2010

.
— m S
Client Layar* RESEARCH
Access domain mna?amenl
Buifering and record-level 1/0
Transaction coordination
Agent Layer
lmp\eman:alwn of standard server interface I

LLogger, agent, and Instance fasks

Helix Directories
Path name {o. FID mapy ﬂu

Single-file dmhasa update by one task
Procedural Interface for querles

Gblect (FID directory)

- Identification and capability access (via FIDs)

FID to tree-roat mapping; table of (FID, root.ref__count)
Exdstence and delelion Freference counts)

Concurrency control (file Interlocking)

Secura Tree

Basic crash-resistant file structure
Conditional commit

Provision of secure array of blocks
System

Commit and restart authority

Disk space allocation

Commit domains

Cache

Caching and performance optimization
Commit support (flush)

Frame allocation (to domains)
QOptional disk shadowing
Canonical Disk

[ Physical disk access ]

*Also called client Helix.

[Figure 2. Abstraction layering. i

LEEE Softuare, "Helix: The architecture of the XM§ Nii(lhund File System,
Marck Fridrich and §illias Older. Kay 1985. Vol. 2, 2

12 March 2010




-
Bt

dalabase arehitecturs architecture grand i
schema am tables cenlral man

o P cxpander
layers
compiler transformers wtilities E
and utilitiea

[ 1

JUPITER

e

A—B Acalla B

Am=dB  dats path

Figure 3.1 The Configuration of the GENESIS Prototype

Ganesis: A Reconfiguration Database Management System, 0. $. Batory, J.K. tt, J.F. Gares, K.P. Saith,
K. Toukwda, B.C. Twichell, T.E. Wise, Dapartment cf Cosputer Sclences, Unl ity of Tewas at Austis,

12 March 2010

)
it

0, imterapm,
o Applicrtion SN ERADA Repestn
] Flace g mibees
Paumm

FIGURE 7. _Flight Computer Operating System (The FCOS dispaicher coordinates
and cantrols all work performed by the on-board computers.)

Comminications of the ACHM, “Architecture of the Space Shuttle Primary Avicnics

September 1984, Vol. 27, No. 9, P. 933 Softusre Fyscems," Gene D. Carlov

12 March 2010 10




Cf TWARE
BESLARCH

12 March 2010

Cliarit

Ficure 2.1
IMX Management Architecture.

SO TWARE
BESLARCH

12 March 2010




The Challenge 5 i

= Turn Software Architecture into an engineering
discipline

Q

from ad hoc definition to codified principles

= Develop systems “architecturally”

Q

Q

build systems compositionally from parts

assure that the system conforms to the architecture and
has the desired properties

use standard integration architectures
reuse codified architectural design expertise
reduce costs through product-lines
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The Blg Problem [
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How to bridge
the gap

299 between
requirements
and solutions?
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‘ One Possible Answer
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The Role of Software Architecture =

- High level of
system design

- System-level
abstractions
Software Architecture - Reuse design

idioms
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What is Software Architecture?

= There are many definitions in the literature

o CMU’s Software Engineering Institute’s web site on
software architecture lists over 80 of them.

= The definition we like is this:

The software architecture of a computing

system is the set of structures needed to

reason about the system, which comprise

software elements, relations among them
and properties of both.
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Issues Addressed by Software
Architecture - 1

= Gross decomposition of a system into parts

o often using rich abstractions for component
interaction (or system “glue”)

o often using common design patterns/styles
= Emergent system properties

o performance, throughput, latencies

o reliability, security, fault tolerance, evolvability
= Rationale

o justifying architectural decisions

= Envelope of allowed change
o “load-bearing walls”
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Software Architecture in Context

Cloud computing arck
Service-oriented arch
Model-driven development
Component-based Systems

Integrated product lines 2000

Software architecture \ .
Object-oriented Patterns Programming-
Packages 1990 in-the-world

Pipes and filters /
Software development environments
Inherita .
nheri 1nce> objects 1980

Abstract data types
Programming-in-the-large

Information hiding
NATO SE conference 1970

Programming-
in-the-large

Programming
Separate compilation -in-the-small

1960

Subroutines
Programming-
any-which-way

1950
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Evolution of the Field of Software
Architecture — 1980’s

Informal use of

Ad hoc application of architectural expertise
Diverse, uncodified use of architectural
patterns and styles

No identified “architect” on most projects

.
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1990’s [

= Recognition of the value of in
software development organizations

. requiring architectural design
reviews & explicit architectural documentation

Use of , commercial architectural
, component

- of vocabulary, notations & tools
for architectural design

- on software architecture

21
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= Incorporation of architectural notions into
mainstream and (e.q.,
UML-2)

S based on architectural design and
refinement (e.g., Model-Driven Design)

= Some architecture

= Architectural for Enterprise
Systems (e.g., RM-ODP, TOGAF)
= Architectural (e.g., SOA)

uuuuuuuuuuu

2000’s [
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This Talk

a
a
= What should software engineers know about
software architecture?
o Elements of a course on software architecture
o Architectural thinking

0O 0 O O
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What should software engineers
know? -1

= General Concepts
o What is software architecture
o Basic concepts: views, styles, patterns
= Principles of Architecting
Understanding architectural requirements
Architecture styles and tactics
Product lines and integration frameworks

a
a
a
2 From architecture to code

24
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What should software engineers

know? -2

= Architecture in Practice
Evaluating architectural designs
Handling architectural problems
Documenting a software architecture
Presenting an architecture to others
Architecture for X (security, usability,

Q

O

O

reliability, etc.)
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Architectural Thinking - 1 (=
An engineering mindset
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Architectural Thinking - 2 O

Different issues for architecture & programs

Architecture
interactions among parts
structural properties
declarative
mostly static
system-level performance
outside module boundary

Programs
implementations of parts
computational properties
operational
mostly dynamic
algorithmic performance
inside module boundary
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Architectural Thinking - 3 [

Product lines, platforms, and styles

Generic

Domain-Spec

Generic Generic Style Component Component Product Line
S Integration Integration
Styles Specializations Standards Standards Frameworks
—{} O 3 B B
Data Flow  Pipes & Filters EJB Tektronix Oscilloscopes
Call-Return Process Control HLA Xerox Network Scanning

Domain-Specificity =——>

Arch
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Architectural Thinking - 4

:
IS [ Etrt

Knowing how much architecture is enough
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Architectural Thinking - 5 [

Old styles never die ...
they just adapt to new technologies

Consider data-flow architectures
= In a Data Flow system
o the design is dominated by orderly motion of data from

process to process

o the pattern of data flow is explicit
= Structural elements: data transformers & data channels
= Processing model: availability of data controls the

B8, P

computation
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In the early days: Batch Sequential

Data transfer
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‘ Example: Apache 5 i
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This Talk |Ei ol

Q

Q

= Emerging trends and Issues
o Architecture evolution
o Architecture conformance
o Frameworks, platforms, and ecologies
o Conway’s law revisited

12 March 2010

Issue 1: Architecture Evolution [

= Context: Increasingly, businesses must evolve
their architectures

o From A to C, through a series of incremental
architectures B, B’, B”

o E.g., migrate batch-oriented systems to web-based
interactive system; or migrate client-server system
to service-oriented architecture (SOA).

= Issue: How do we approach this problem in a
principled way?
o Can we leverage past evolution histories?

o How does this problem link to project planning, cost
estimation, work assignments, etc?

12 March 2010
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Issue 2: Architecture Conformance

= Context: We would like to make sure
that the implementation conforms to
architecture (and vice versa)
o This is the Achilles Heal of software architecture
= Issue: What does it really mean to
“conform” and how would we evaluate
its satisfaction?

Software Architecture

=

.
SO0 TWARE
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Architecture

Code

Architecture

Code

Architecture

Code
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Issue 3: Frameworks, Platforms, and

Ecol og i e@i st

= Context: We have been building on top of
platforms and using software frameworks

for most of the history of software

engineering

o This introduces an upward constraint on the
architecture

o The nature of such platforms has evolved

= Issue: What is the nature of modern

Software Architecture

platforms and how should architecture
accommodate those?

o Reflects a historical migration of architectural
concerns

o Needs to be rethought in the presence of the Internet

12 March 2010
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‘ Structure of the Mainframe 151 e
Computer Industry

Reprinted from
The Economist,
Feb 27,1993
IBM rro
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‘ New Structure of the Computer Industry B e

“New” computer industry

DISTRIBUTIO

APPLICATIONS
Spreadsheets
Word processors
Graphics
Database

Unix 0S/2

OPERATING
SYSTEMS
SOFTWARE

Client
Serverf

r
COMPUTER
PLATFORMS

PROCESSOR

Source: Intel
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Issue 4: Conway’s Law Revisited [0

= Context: Conway’s “law” says that the
structure of a software system reflects the
structure of the organization that built it.

= Issue: What does this say about architecture?

o Particularly an issue when we don’t build everything
ourselves

o Is organization-architecture conformance an attribute that
we should pay attention to?
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Some questions to ponder (for educators) 9

= Can we really teach people to be great architects?
o .. If not can we teach them to be better architects?
= What is the role of domain knowledge?

o .. Are we wasting our time teaching students general
architectural principles?

= What kinds of assignments can get to the heart of
the matter?
o .. See workshops later today.
= Where are the great exemplars?
o .. Perhaps Grady Booch has the answer.
= What can we learn from Google and Amazon?
o .. Architectures for the new age?
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