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Why is architecture hard? Juitiative

“..The life of a software architect is a long (and sometimes painful)
succession of sub-optimal decisions made partly in the dark...”

(Philippe Krutchen)

LIKE THIS... DECISION AND ONE SCHEDULE I8 INTENSE PRESSURE
YEAR TO DO THE
PROTECT.

TO DO THE IMPOSSI-
| BLE BEFORE THE
| DEADLINE

ARG L e
THE ORTGINAL ONE MONTH FOR A i N | B one vear oOF TNDECI-
SCHEDULE LOOKED MANAGEMENT ﬁ i SION FOLLOWED BY

] y YOU CAN SEE THE a NOW SCRATCH ONE [ I DON'T SMELL ANY- |

| EACHTAKEA | LAYERS OF MANAGE- OF THESE SCENTED THING. 15 MINE
PAIR OF 3-D i MENT INCOMPETENCE CARDS TO SNIFF BROKEN?
GLASSES. . . 5 PRACTICALLY JUMP THE UNMISTAKABLE {5l S /

OUT AT YOU. ODOR OF DOOM.

DILBERT
By Scot Adams
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Why is architecture hard? Suclialive

» Architecture design typically takes place at an early stage
of the project
e hard, often impossible, to thoroughly reason about the
consequences of many design decisions
» Involves making design decisions that are difficult/costly
ho ch%nge downstream if they are discovered to be
awe

» Complex design trade-offs needed to meet competing
architectural requirements

> Put ve.r?/ simply — architecture aims to address an¥ issues
that will be expensive/impossible to change once the
project progresses

Battelle R T
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» Design
° Multiple (conflicting) stakeholder requirements
* Large number of design options
* Complex technical issues, design trade-offs, technology selections

» Analysis and Documentation

* Support easier/cheaper downstream modification

° Capture design rationale behind design decisions

° Survive changes in staff or outsourced development
» Risk mitigation

* Will system perform/scale to meet requirements?

* How much hardware needed?
* Avoid expensive rework required late in project

Ba"e“e e AR gﬁ’aﬁf@onhwest National Lahorat =
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Architecture Design
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= Typical architecture design scenario

numerous design decisions with multiple design alternatives

Each decision requires evaluation and selection from among
a the alternatives

Many design alternatives conflict

Multiple stakeholders with competing priorities
Designs constrained by project cost and schedule
Project costs in multi-million $$$ range

» We've created ArchDesigner to address such
scenarios.

O dw. i AWPA iwest National/Laboratory:
R %0 . 4 S SR Deparimentof ety

ArchDesigner Approach

given:

P> Help architects select
optimal design alternatives

e Constraints Value Score Normalization
e Dependencies

e Stakeholder priorities

P Exploits management
science and operational
research techniques:

e Integer Programming

Value Score Computation

Compute
alternat value Consider next
scores using design decision
MADM methods

Formulate the
optimization

problem

o AHP
¥
Optimal Combination
= - - oanﬁvas - . _ =
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» Upgrading a major packaged
business system (CRM)

» Package can run on:
o Different operating systems

Server
Architecture

" Vendor Ocac o D8 Servers
e QOperating systems runs on (0_VNDR) o o8 (0_SERV)
different servers/processors \l/
e Oracle required, only certified on
certain OS/CPU/server Processer
alternatives .
(] 4 Vendors, dlffel’ent Operating
costs/solutions/support ot

» 3 key stakeholders

Batielle R 2L Rl Denarimintol ey
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Stakeholder Participation Suclealive

£ g
I'LL DESIGN THE El BETTER YET,YOU 3| I DON'T MEAN TO
SYSTEM AS SOON AS £l couLD BUILD THE 3| FRIGHTEN YOU, BUT
YOU GIVE ME THE el SYSTEM, THEN T'LL 2| YOU'LL HAVE TO DO
USER REQUIREMENTS. [8#] TELL YOUR BOSS THAT |:| SOME ACTUAL WIORK.
Bl oIT DDOE5N'T MEET MY |2 |
NEEDS. £
£ i THAT'S CRAZY
g 1
E 223 3
= £ =] —]
84 N )
E 7B - =

Copyright @ 2882 United Feature Syndicate, Inc.

Battelle S w2




Data-Intensive
mputing
Step 1: Value Score Computation = /uctiatire

Design alteatives and their relative Relative preferences on quality
impact on quality attributes attributes

X Quality
Alter;\anve 3} attribute1

Value Score of design o Stakenoier
alternative X is the degree ~ “*3™ TR
to which alternative X Atribute 3
satisfies desired quality : auslty 5
attributes e X
Stakeholder U
p- Example:
» if Performance (P) is i (00 s
"moderately more important"
than Modifiability (M) then we l
have (P,M)=3 and (M,P)=1/3 Value
Decision Options :.éii”:e QAs
oS Solaris Cost
XP Reliability
Linux Manageability
Cluster support
Battelie R 2L, AR Dt o iy >
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» Normalize and weight s
decisions R e B
tools Perf TCO Flex Mang &

T

Scal |

» Use integer programming to z & ,
select opgtimgl sgt of desi%n ]Z‘ Z} XV
alternatives subject to
e Cost
e Schedule

e dependencies

Battelle
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Architectural Decision Alternative
Value Score Normalized Value Score
No Name No Name
1 SMP-Based 0.296 1.776
1 D_SERV
2 Commodity-Level 0.704 4.224
1 Solaris 0.321 2.568
2 HPUX 0.285 228
2 D_Os 3 ‘Windows 0.096 0.768
4 SUSE 0.154 1.232
9 RHE 0.144 1.152
1 AMD-32 0.312 2.184
2 AMD-64 0.323 2.261
3 D_PROC 5 Intel-32 0.078 0.546
4 Ttanium-64 0.170 1o
5| Ultrasparc-64 0.117 0.819
1 Oracle 9i RAC 0.197 1.379
4 D_DB 2 Oracle 9i 0.166 1.162
3 Oracle 10g 0.637 4.459
1 Vendor-1 0.447 2.235
2 Vendor-2 0.190 0.95
B D_VNDR
3 Vendor-3 0.064 0.32
4 Vendor-4 0.299 1.495

Battelle

Decision-centric analys
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Flexibilty
Performance 10%
23%

Scalabilty

0%

Elegance

Availabilty

31% Manageabilty

O SMP Servers

Battelle
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SMP Servers
30%

Commodity-
Level Servers
70%
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Combinati ic analysi It
ombination-centric ana ysSIS ntidtere
select best 10
for all stakeholders
for all quality attributes

Rank Server Oracle DB ‘Vendor Processor oS Score

1 ‘Commodity 10g Vendor-1 AMD-64 SUSE 14.411

2 ‘Commodity 10g Vendor-1 Ttanium-64 HPUX 14.388

3 ‘Commodity 10g Vendor-1 AMD-32 SUSE 14.334

4 ‘Commodity 10g Vendor-1 AMD-64 RHE 14.331

5 ‘Commodity 10g Vendor-1 AMD-32 RHE 14.254

6 ‘Commodity 10g Vendor-1 AMD-64 ‘Windows 13.947

7 ‘Commox dity 10g Vendor-1 AMD-32 Windows 13.870

8 ‘Commodity 10g Vendor-4 AMD-64 SUSE 13.671

9 ‘Commodity 10g Vendor-4 AMD-32 SUSE 13.594

10 ‘Commodity 10g Vendor-4 AMD-64 RHE 13.591

Dl o, AWPAGHI "dgﬁ‘west National Laboratory.
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P i EE

» ArchDesigner makes it easy to do what-if analysis:

e assume all vendors rated equal, are design decisions
same/similar?

e ignore cost constraints to find best technical choice
e Reduce budget to find best/cheaper technical choice
e Remove low-weight design decisions (sensitivity
analysis)
» Eventually 5 viable alternatives emerged:
1. Vendor1 — Itanium-64 — HPUX.
2. Vendor4 — AMD-64 — SUSE.
3. Vendor2 — AMD-64 — SUSE.

4. Vendor1 — AMD-64 — SUSE.
5. Vendor2 — Ultrasparc-64 — Solaris.

Battelle S A National Lo S
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ArchDesigner Suctiative

Architectural Support For E-Business Applications

Decision List
Application Profile

Account  Add a New Decision
Settings

Battelle
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Benefits nclialive

» A design decision aid
e With web-based tool support and query language
» Enables architects to:
e systematically evaluate design alternative combinations

e consider all possible options by identifying and quantifying all
possible permutations

e conduct what-if and sensitivity analysis
o explicitly capture design decisions and rationale
e visibility of decisions to stakeholders/management

» If you have a nasty tender to evaluate, challenging
stakeholders, complex designs trade-offs ....

Available Technobgis

o
Battelle P D
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Architecture Knowledge
Management

Ba"e“e t Vap k. i@ « & "PacificNorthwest National Laboratory-

2% a0 0 USDepartment of Energy-—
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Capturing architecture knowledge “>/iliutive

» An architecture embodies crucial design decisions
e Rarely captured in architecture docs (if they exist!)
» If rationale behind design decisions is lost:
e System evolution becomes hard
¢ Difficult to identify design errors
> We did a survey:
* 80% can’t understand designs without adequate docs
* 73% forget why they designed something!
e Impediments to capturing design info:
* 61% have no time/budget/tools

» And built an architecture knowledge management tool
- BRedB

Ba"e“e —~ KA T . & "Pacific Northwest National Laboratory:

% Z=a..0 . . US: Departmentof Energy
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Architecture knowledge capture
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Modeling Architecture Knowledge
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BN

BRedB

E—— Sollaborative Contact Project Content Sorporate Froject | Confoaranon
SEare Taals Managerment |Manaasrment | Production Library Caollaboration [Sonfiauras
» Home | Knowledge-Based | Project-Based | Search

Project Collaboration

Knowledge-Based

The knowledge-based invalves capturing various experience artefacts that users may create, modifly,
carch These artefacts include the following

rojects to support their
new artefacts andfor
el b wdded Lo Lhe

Architecturally Significant Requiremern t
Quality Factor
Architecture Decision

Search provides essential functionalites to allow users to seek for their desired aretfacts. The two
different types of search are

D - Fisla-basea

- Keyward-based

Battetle B =L AT O
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BRedB Case Study Suclealive

» Australian Defense Science Technology
Organization (DSTO)

e Auvionics architecture assessment
e Long lived, high cost projects
» BRedB used for avionic architecture evaluation
e Quality attributes
e Evaluation framework
e Risk management

Battelle e R dile "D G PR 7

12



> Data-Intensive

utin
/i ?&dfd%

MS Project 11 - Microsoft Internet Explorer

ess | ] http:local |

70 SO search Sl ravontes €5 [

Norton Inkernet Secority @8

B G- et

=

Utility Tree =1
&l Usability
B Understandability
Leamability
Operability
= Performance
Latency
Accuracy
Capacity
Thoughput
Resowrce Usage

B Fault Tolerance
- Recoverability

A
El Maintainability
srowth
Changeability
Testability
Analyzability
£ Functionality
e curity
Interoperability
Compliance
afety
Certification
COTS Components
E Portability
Adaptabili
tandard Conformance L
Hardware Replaceability =
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o6 SEGIE
agress | _ob_report_uilty_ = P ERE
5 - Chipergate) (= = '
» Domain-specific general I .

[

Management Mansgement | Production  Lbrars | Collsbaration

scenarios captured e — ‘

Home [UBIETTEE Result Tree Architecture Decision Table Viewer Architecture

° increase evaluation Utility Tree for AMS Case Study
effectiveness T peurnance

Reliability
H 1 G Maintainability
o Easily extensible Ry
= The xles:gz\ of the mission system pmressmn (lnm'un uses widely used
° R e p re S e nt e X pe rt o techniques to enhance [Medium], [Mediurn]

B Functionality

evaluation knowledge B e

B Secuity
= The mission system processing domain pre nvules dw appropriate levels of
data assurance and protection through a of policies and

mechanisms. [Medin] [High]
Tnteroper:

B Portability
E] Adaptabili

& "PacificNorthwest National Laborat
2 UIS! Department of Energy.= o
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Reporting

3 hipergate :: Repart of Evaluations - Microsoft Internet Explarer FEx
Report of Evaluations 5]

AMS Case Study
& Automatically generate |~ S

evaluation reports e

° Sho_w_s how a_rchitectural
decisions satlsfy_ a
concrete scenario

ahlevel of

3 hipergate :: View Concrete Scenario - Maintainability.01 - ... (2][B]X]

View Concrete Scenario

Name Maintainabilty-01

"The design ofthe mission system processing domain
Description  uses widely used configuration techniques to eshance
maintainabilty.

Quality

Factor (Growth

Complexity . | ViewDesign Option
Level

Importance  Medium

Name  Software Maistanabily Design

The uze of POSTK a5 a kemel inter‘ace alsc improvss the

Decrition AT o the widlewase, A POSIK-based kerael
PO st enstles the consideration of a CCITS ipleraentation cf
the kernsl

Notes TED
Rationale  [vew

Battelle e
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Initial Findings Suclealive

» BRedB added considerable rigour to the DSTO
evaluation process

e Repository of expert knowledge in general scenarios
e Archive of past project experience valuable over time

o effective mechanism to organise and query large amounts of
architecture knowledge

» BRedB should be useful if you:

e are outsourcing/off-shoring/purchasing your systems?

e have superhero architects prone to sudden departure or large
pay increase demands

» More studies and R&D needed
e We're keen to work with interested partners ... ()

Availabw

Battelle
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Architecture Risk Mitigation

g B aw 4 padificNorthwest National Laboratory: o
Batielle R Skt SR Drmimentof ity
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SOA Performance Engineering Juilialive

» Service-Orientation Architecture (SOA)
being widely adopted
e SOAs built using J2EE/.NET/Web Services
technologies
e Need to be scalable and reliable
» Performance/scalability issues are complex

e Application code accounts for small percentage of
execution time

e Middleware, databases, Web servers, etc

» Many applications fail disastrously due to lack of
attention to performance

Batielle BB S AR s

15



Data-lntepsive
- mputing
Web Services Performance Jiiliative

» A common concern due to
XML
e Verbosity
e Processing overheads
» What's the reality?
» Some experiments

performed at CSIRO’s ICT
Centre in 2005

Batielle BN BL AR S Dtranment o ey
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Performance Prototyping Suclialive

» Performance prototyping is time-consuming and tricky
e Build server prototype (if no existing system)
Configure server/database, test prototype
Load test data
Build test client
¢ Multithreaded
° Generate variable loads and test data
e Instrument client and server to capture performance
e Capture/process/analyze results
e Fix the stuff you got wrong and run tests again ... and again ....

» We're trying to make this easy ...

Ba"'e“e Vi ‘ {_“ TRy o"s?ihwest National Laboratory=Ss

)S” Department of Energy== 15
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Performance Modeling Process Jictiative

Phases Requirement Design
| |

i
!
!
!

Models

Battelle

Development Testing Deployment  Operation Evolution
L | L |

Workload Models

Performance Models

T?Pa&ﬁg\loﬁhwest National/Laboratory:

Dan 3 ] »l-.
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7

Mdel-rjien
Engineering

Performance
Annotation

LoadTesting | _
Annotation

Battelle
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Performance /,&',[&;g

MDAperf:
An eclipse plug-in
for performance prediction

=

Prediction
Engine

MDAbench/DSLBench:
UML/Microsoft DSL
benchmark generation
engine

Benchmark

- . Benchmarking
Generation Engine

R Lﬁ’_aﬁﬁ@dﬂhwest National Laboratory:
S8 =32 0. 0 US! Department of Energy
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Application _Tool Aideq
Design (UML) | ‘ Benchmark app core
(Optional) N i Design (UML)
Manual Abstraction
‘
Existing profiles
‘ (EJB, WS and etc)

Model Transformation

AndroMDA
Framework
Existing cartridges
(EJB, WS and etc)

v g #
Performance i )
Analysis Model \ T

(_Prediction )

o o ] i i [
Batielle - g i PRI e N e el
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MDABench — example outputs Jiclialive

"Response Time Distribution™ "Response Time Distribution"
0,000 20,000
2,000 17,600
e __ 15000
& &,000 &
g 5 12.500
2 5000 =
i @ 10,000
(= 4000 =
o 7.500
2,000 5,000
1,000 2.600
a
o 260 500 750 1000 1250 1500 1750 2000 o 250 500 750 1000 1250 1500 1750 2000
Response Time (ms) Response Time (ms)
150 client 150 client

== B a

Ba"e“e [ N G : & "Pacific Northwest National Laboratory.

U’S” Department of Energy.
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& MDA is an OMG driven initiative for model-driven
development
e Based on UML models and tools

= DSL is Microsoft’'s model-driven development

initiative
e If you don't like/need UML, roll your own modeling
language
Batielle | R T e
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DSLBench: Meta-level Modeling Jidlealive

Try.celdd Try.dsldm|

Dataenerat
Debugger w

| ResulCollector Dﬂ _

ratar

DataGenerators W
Debugger b
ResultCallectars
W
ek i & "Pacific Northwest National/Laboratory:
Ba"e“e 4 \“"tﬁ‘:“ :"ﬁ ‘Q!%S Department of Energy==— "'
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= Thresholds
Threshald_t
Thresheld_2

TransactionData

accountID accountlD accountID
stackiD amount, stackiD
amounk amounk

credit

ockTx

=l Fields Fields
traniD stackID
accountiD code
stackID currentvalue
tranTyvpe high'slus
amounk lowtalue
price
tranbate

Ba“-e“e 4 &t Y ¢ I:aciﬁc hborlhwest National Lahoratg{y

» Department of Energy.

% PerformanceTesting - Microsoft Visual Studio

File Edit Wew Project Build Debug Data Tools Test Window Community Help

E-w-Zhd ol o - L1 L b Debug - Any CPU - [ cetCredt T Beite: 1N R
DK 30 3 o
‘LoadTest1 [11:13 AM] | LoadTest1 loadtest « X | Solution Explorer - Solution Performan... » I

&2

d Stop

_A Test in progress...

17 threshold violations

Remaining: 00:27 [ )| & = Solution Items

] localtestrun testrunconfig

Counters Graph: Default P X | E- ) PerformanceTesting. vsmdi
= NormalLoadTest
# 2 Overall 100 & ;
# 124 Scenario G000 0000000OOV0BD O User Load (4 =4 Properties
+# 4y Computers a0 Value A : = Eeferences
] Errors 10 ‘J"omm"
15 _;I DataGenerator.cs
60 15 <] RandomData.cs
15 = [ LoadTestlib
40 15 ] Coordinator.cs
20 =] AuthoringTests.txt
a4 4] Clent,
® 2 iL‘eﬂT:cl Ioadtest
Sumnmary 20 o B 0RO
| R 5 4.} ManualTestl mht
Controller Local i | 1 a Pr
0 25 w0 | # (G Program
SamplingRate  00:05 ' 00:00  OO:45  00:30 0045 01:00 01:15  0L:30 0145 02:00 5 - =
= Test Cases ‘ L | Properties ~
Total Tests 25,70 || Sounter Instance  Category Computer | Color | Range | Min Max A picrosoft VisualStudio, TestTaols. WebStress. Te:
Tests/Sec 286 || [7] Testsisec Tokal LoadTe... ATP-ESE-., —%— 1000 % 349 =
< | @ |@ O [P
Test Results 31X General
- . " . ” . TS Active Run Settings  Run Settings1
5=y nbuilocal@ATP-ESE-WSA3 200609 + W @ - %y 7 GrowBy [Nonel - [l Columns] = Y
i) Testrun: in progress, Results: 01 passed;  Ttem(s) checked: 0 !
B Plug-in

Result TestM... Project Error Message =
¢ ») InProgress  LoadTestl NormaloadTest

[5] Output | E=]Test Results

Load Test Plug-in LoadTestPlugin.

‘Name
The name of the test, not the file name.

20



Data-lnte.nsive
mputing
Current Status Jiiliative

L

Prototype tools deployed in a major case studies
e Australian Tax Office and Medicare SOA integration
e SOA for home mortgage process integration

If you have gnarly, risky SOAs whose performance
you don’t quite understand ....

 J

Available Technologis

e Vs e « & Pacific Northwest National Laboratory: ==
Ba"e“e - Yot S ?x Sattna !g\:;s Departmentiof Energy-= S0

Data-Intensive

mputing

Suclialive

Middleware for Data Intensive
Computing

&« . PacificNorthwest National Laboratory
% =2 0. . US. Department of Energy —

Battelie
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Data Intensive Computing

Data-intensive computing is
managing, analyzing, and

understanding data at volumes and
rates that push the frontier of current

technologies.

-Gb/s —Tb/s data streams
-Heterogeneous data

-Distributed resources for data, computing

-Terabyte to petabyte data volumes

-Complex non-linear analysis

Battelle

Analytical Processing Pipelines Suclialive
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SIFT

Parallel
Component 1

Component
A

weang
eleqg

Parallel
Component 2

-e _EE

e Flexible integration

Battelle

Parallel

R
o

Analysis/Ul

Component 3

» Common design pattern requires:

e Ability to process massive data volumes
e High performance and scalability

s?ihwest National Laborat -’EA =

» Department of Energy-= 185
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Analytical Processing Pipelines Jictiative

| Combined SC06 Pipleline |
Q Uterances from All chat conversations
g BSOSO (ot st Ghat ngest epwors Cratvayss
i) Topic Splitter Processor Aggregator
b
o it alerts
3 — an
= S
2 — 3
o =
o o nowges) 080 [ | svommnoes [ | e smens =
5 Topic l ‘ ‘ wn
E —
2 g
o
- Graph Signatures I3
oo GraphSignatures —
S &
g2 e Clsers (=
) Clusterer D
x S
Vaidsomsors  [cooo ] itered vl sssens
Flo Sessions. Filter
@ i Fier Ons way sessions
5
@
3
B
=y p
FloStats Stats i FlaEvents | FioEvent Category fasd
Ba“-e“e - e cificNorthwest National llaboratory.
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MeDICI
Architecture
Overview

Data
Virtualization

Data Content
Locations

Provenance
Metadata Store

High-Performance
Computers

<
L

& "Pacific Northwest National Laboratory =

i’

’S? Department of Energy.
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MeDICI Status Siitiative

= Using MeDICI to design/build several large scale
data intensive applications:

e Cyber-security
e Bio-informatics
e Proteomics

B |nitial APl and programming guide coming this

summer ...
= Open source release is in the plans for later in
2007
Battelle B = ARG Nt O
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That's it ... nclialive

» Paying attention to your architecture will provide
large returns on investments

» Upfront effort is needed
e “no free lunch”, but methods and tools will help
e remember, you pay now or later, just a lot less now!!
» Advanced technologies can make a difference
e We're keen to work with organizations to trial and

deploy
Battelle | e e R e T g
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Questions?

Essential
Software

Some answers ... Architecture

Ba“e“e e on o %, L S P:iciﬁc Northwest National Llaboratory =5

VS Department of Energy.
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