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! Architecture documentation
> Architecture reconstruction
* Behavior
* Line-box
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? Interchangeability
* Commercial off-the-shelf components
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Component-and-connector structures
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Allocation structures
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External environments
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! Observability
2 Controllability
3 Longest test chain
4 .
Increment integrator
> Client acceptance tester
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! Learning system features

2 Using a system efficiently

3 Minimizing the impact of errors

4 Adapting the system to user needs

5 . . . .
Increasing confidence and satisfaction
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Correctness and completeness
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! Failure

? Fault

*Error

* Health monitoring
> Recovery

® Ping/echo

’ Heartbeat

8 Exceptions
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! Voting
? Deviant
3 Majority rules
* Preferred component
5 . .
Driversity
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! Active redundancy

> Passive redundancy

* Atomic broadcasts

4 Spare

> Standby spare computing platform
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! Shadow operation

> State resynchronization

* Checkpoint/rollback

4 Component reintroduction
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1 .
Removal from service
2 .
Process monitor
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! Modifiability tactics
? Localize modifications
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! prevent the ripple effect

> Defer binding time

* Maintain semantic coherence
4 Coupling

> Cohesion

® Abstract common services

AR



sl g 5 ee Olpe a4 Vsene ol Sldsdle b Sl o see Slemsspm 05,5 (ol 3
Cbl S e Gl s e L2 4SSl g 45 Ll oS e S B 53 sdoee eslital LB
Jlash S oG L L3 Sl i il ol Ay s S e Slgmas o ST S o Slity 55 2ol
Jlesl o3lss A8 o oslial LT S5l a5 (6,505 leladle 53 Dl (pl &5 S 3L 5 353 00
e elaby sl el Gl U Ca 1) OB ple dgen s 5 ol B eslital omen 50
5 eldle S e Colex g IS0 31 (6 S el o2 5 Sl Gl o Sl e SSU
DI PI0Le slaslsdle 55 (63,1 Sl sl Sl eslanal Sl Al jle ol g 8 S e Slg g e
L5l 5 ge Sl e
elml Slacd st s Lol Gl 1 (8l LS e 88 Dl (g S B8 ko
sy olei as G e sl U Al Jlgte o 5 ol SGS pl s S sl b e
O OlF e el b TS spdomn |y S Iy il ol 5L &S ol 53le 51 (slas samme oS 550
A3 B6 o 1 GSS ldaile cslal oo Sl i plbnl LT &S 23 8 B s 1) it
Cas e
SaSb Syt e S a3 lime sl (SSU 31 line SSL ) | oSl S Ul
Doye w et Gastn Sladl o5 35S e K abee il e b s S
St s plomadl b LUl 3 sl 5 g0 DS iy ST 3 dial 5 s Sl
Ol S s sl BLII s Dl peas D10 055 Pl el s oSl S b
ol s e 438 St b S ol 05 a5 il eslisied BB e 4 SiSU
By 4 S 5 4 plae plaeudl SSU L ol jon SSU
"Usile sileases

Las Shes Sl (5505 7S 03 5dome Jg5le 45 s o o3l o gee S g0 4 Jaile SO sl

Sl ol 5 0L S Olge & Ll e 2505 (s plxl) AS asle (93505 5 s 1y

! Anticipate expected changes
2 .
Generalize the module
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! Syntax of data and service
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! Semantics of data and service
2 Sequence of data and service
3 Identity of an interface of A

* Location of A (runtime)
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! Quality of service/data provided by A
2 .
Existence of A
® Resource behavior of A
* Hide information
> Maintain existing interfaces
® Breaks a dependency chain
7 Intermediary
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! Maintain existing interfaces
? Variations
3 Adapter

1
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! Restrict communication paths
>Usean intermediary
3 Repositories
* Formalism
> Facade
e bridge
’ Mediator
8
Proxy
? Factory
10
Broker
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Name server
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! Runtime registration
? Adherence to defined protocols
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! Stream

2 Latency

* Blocked

4 .
Resource consumption

> Blocked time
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! Arbitration mechanism
? Offline
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Resource demand

2 . .
Resource arbitration

YY



Sk A ke

e Gl aze p Sols g 4 &S (S W e wsls 4SSl axdls s O Ol S
Sl A el pl S Iy RalS WIS e 58 el s wls a8 1) 5 5d e eslinal
SASGsns 5 on Wles by Bl ok podige B3 s 451 0T by 5 ol L0
an s S bl B Sl e T Saalan 0553 B 3 g e eslital (555,58 VL
s Soalon dil g 4yl B Wy o (6,8 500 358 lasli s, 31 OL >

S 4iped sl LS

Cho Sl g Sl Al Al s edd A5 bt glaslls) 2ss 2 SRS e S
S an 45 A3 dal e Jes ol S 5 plndl il sl s Ll e el s

LSt ol .ol GL‘.» Shestaal 85 8 Jm8 Jols lacul o= 55 o e 5 JalS (6l 5 s slalst

S gdoes [ Olo

ol ol 355 o ey (8 e aslinad Ll Ol s 038 3 50me ST ) 31 Gis
S po 4 4S 03ld 4 4zl L;La(.:wjfj\ Syl o DBl a5 dde Bl A8 s
ol 1 Ole3 03,8 3 gdoma (agy SO La gl ST sldad O3S 3 9dome LS 0 s (511,50
i.sjvbmui@aﬂ,ul

S o IS 1y ko 4 (5555 slda STus STl

cl.'..a C".’.J'.’.'L‘ -Y-¥-0

s Cf': « CL"‘ S e sl st sl x40 (g 5lus

1 . .
Overengineering

2 . .
Harmonic periods

3 .
Oversampling

4 .
Bound queue sizes
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1 .
Caching
2 .
Increase available resources
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! First In First Out (FIFO)
2 Fixed-priority scheduling
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! The time of task initiation
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Deadline monotonic
3 .
Rate monotonic
* Round robin
5 . .
Cyclic executive
® Earliest deadline first
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! Nonrepudiation

? One-time passwords

® User class

* Communication links

> Virtual Private Network (VPN)
® Secure Sockets Layer
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1,. ..
Limit exposure
2 . .
Intrusion dectection system
3 ..
Transmission Control Protocol
4 .
Payload sizes
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1 . .
Domain name services
2 .
Profile
3 . .
Audit trail
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! Test harness
2 . .
Internal monitoring
* Record/playback
* Substitution of implementations
> Studding
6 Specialize access routs/interfaces
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! Usability-based commands
2 Aggregate

? User initiative

* Mixed initiative
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? Batch sequential
3 Pipe and filter
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! Air Traffic Control (ATC)

? Deadline

® Federal Aviation Administration (FAA)
* En route centers

> Initial Sector Suite System

® Advanced Automation System (AAS)
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' Transoceans

> Software-intensive systems
® Distributed computing

* Fault tolerant

> Message-based systems
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! Reduced
2 Physical environment hosting
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! Common consoles

? Local Communicating Network (LCN)
* LCN Interface Units (LIU-H)

4 Spare

> Bridges
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! Enhanced Direct Access Radar Channel (EDARC)
2 Backup display

* External Systems Interface

* Backup communicating Network (BCN)

> Monitor-and-Control (M&C)

¢ Computer Software configuration Items (CSCls)
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! Dislay management

2 Common system services

3 Recording, analysis, and playback

* Sessions

> National airspace system modification
¢ Maintaining interface stability
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! Applications

? Primary Address Space (PAS)
* Standby Address Space (SAS)
* Functional groups

AR
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! Atomic Broadcast Manager (ABM)
? Local Availability Manager
3 .
Sector suite
* Prepare messages
> Prepare BCN Messages
® Internal Time Synchronization
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$ MEC Console

I Exceplions
Global Availability Manager
Metwork Manager Periormance Menilor
Exceptions
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Models Runtime Environment
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% MNetwork % Operating System
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% Procassor $ IFO Davices

% Attachments

Key: UML

! Global Availability Management
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! Built-in tests

® Event time-outs

3 Group membership protocol

* Human reaction to alarms and indicators
> Cutover
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terminate: = false
initialize application/application protocols

ask for current state (image request)
Loop

Get_event

Case Event Type is

-- "normal” (non-fault-tolerant-related) requests to perform actions;
-- only happens if this unit is the current primary address space
when X=> Process X

Send state data updates to other address spaces
when Y=>Process Y

Send state data updates to other address spaces

when Terminate_Directive => clean up resources; terminate := true

when State_Data Update => apply to state data
-- will only happen if this unit is a secondary address space, receiving
-- the update from the primary after it has completed a "normal" action

-- sending, receiving state data
when Image Request => send current state data to new address space
when State_Data_Image => Initialize state data

when Switch_Directive => notify service packages of change in rank

-- these are requests that come in after a PAS/SAS switchover; they

-- report services that they had requested from the old (failed) PAS

-- which this unit (now the PAS) must complete. A,B, etc. are the names
-- of the clients.

when Recon_from A=>reconstitute 4

when Recon_from B=>reconstitute B

YY




when others=>log error
end case

exit when terminate

end loop
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Iterating
? Architectural drivers
* Architectural Tradeoff Analysis Method (ATAM)
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! Attribute-Driven Design (ADD)
2 Decomposition process
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! Context diagram
2 Variability guide
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? Automatic build checking

3 Signature matching
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Interface specification
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* Comment mechanism

A



A A c<interface»>
A

1

<<gubsystem>>

o o]

L H Class —@ Interface  ----[> Realizes

UML 3 whauly Y-8 |

b 1 L s DSl 68 8 0k 53 Ll Ll e Liaal 315 3 e ol S -
£33 pb ome b Jold cpmen Ll S sslinel wte 51l Of ok 5l o el ol
il s s eyl o ikt sl
3l 15 35lse Ll e 4 S e 135 1 e Sl 03 il e o sgdo -

ol gz 53 glaesls 4y ol odls jannss slie O

e 3l e slels s sy, O

1S o o3lisal ol A5 s 2 58 bl W, O

Sl ol by edalie LB mls O
e wle Gl LTS 35 e 5 b0 ool O ST ol pagde (il dgnl L osdle
OLJ srspte DBl 035 jasle Gl Shas s n Tomd Glads b Glee (Sl
Syt ol b yd 5 bt ol 6l Vsene a5 dlate o 05 el
Ulge w35 lebay crimen 3ol a3 e pagde Ol gl e 5 esle lid 2y, S
L pobe o Ol 5 Lacdlad 51 o 5 @3l 53 Wl L S @ psgde 0L Gl B

LS oo 5 Ly Gl glas )l a4 ole maly o s 4 aS s e 0L

1
Resource syntax

2 .
Resource semantics



é;,aﬂo.su:ml (sla b)) slacos sdoeo —

WL LS e 1 el 550 Ll b 4 S b oS ol OF Ll s e - e Jl st
b Bl ol 4y SO Al b sl Aol oas s O okl Sl S esls G eSSk Y
Sy Obede SU (Guy p Cadsdome S Sl Saw 30 Sl s wsy Sl
pe S e S ls sl wils DL s ol b o G 3 S5 e 4 AL anls
Ly b ool e ol s das a5 O 0l Olas 53 |y adl e il e o) Bis 5 ool
0315 sy Sl pe STl pesdle il gy el BYs 4 ot Olede sl ol
g S5 A 53 Ll mdse pl Al led wle L B AL andls 5L

ols g sl

35 Colam ey sl 0Ll 3ls i Lo 45 S eslizal glosls g8 51 auly pa S
adl o Al g g Lt 0313 ¢ 5 0T SIS S e s se plail w1 o3l ¢ 5 OF i a5 L less
I e s e el SIS adge Of @ Flrsl S gl s LBL el i 6500
S8 S iy | esls g glaossdons 5 L mite L &804S A5 b Ol sasl
031> £ yole Sy AL L plaalis 5 Ollee 4 (XS & a5 0l 75 Gl B ol
S Lo s esls g by el 5 G 480 Sl 5 Lms ol

Tlalizal cisles .

kS a5 g ol e Lauly Giob ) Al e oS 1 bl ¢lal s
(g bl G peie) 555 sl bauly ol e g cul (See cbiiad SO S bl
s odd pasie Sy o3 hauly e bl oSl OF bl iy Sl il
Sl Ol o Sis il 53 Cpomes 358 IS I asliodly SO Jols 3 1 Wl iy

DS ey S e bl & pie
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2 Exception definitions
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Section 2C. Element Interface Specification

Section 2.C.1. Interface identity
Section 2.C.2. Resources provided
Section 2.C.a. Resource syntax
Section 2.C.b. Resource samantics
Section 2.C.c. Resource usage restrictions
Section 2.C.3. Locally defined data types
Section 2.C.4. Exception definitions
Section 2.C.5. Variability provided
Section 2,.C.6. Quality attribute characteristics
Section 2.C.7. Element requirements
Section 2.C.8. Rationale and design issues
Section 2.C.9. Usage guide
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Documentation across Views

How the document is organized:
1.1 View catalog
1.2 View template
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2.1 System overview
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2.3 List of elements and where they appear
2.4 Project glossary
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3.1 Rationale
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! Visualization
2 .
Interaction
* pattern definition and recognition
* Code segments
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#Local Variable aggregation

SELECT tName
FROM Elements
WHERE tType='Function',
print "$fields[0] + $fields[0] Function\n'’;

SELECT dl func, dl.local variable

FROM defines var dl;
print "Sfields[0] $fields[1] Function\n";

<function>+ <function> Function
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SELECT tSubclass

FROM has_subclass

WHERE tSuperclass='Presentation’;
print "Logical Interaction $fields[0]";

SELECT tName
FROM element
WHERE tName='Presentation’
OR tName='"BSpline’
OR tName="'Color’;
print "Logical Interaction $fields[0]";
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SELECT tName
FROM element
WHERE tName="vanish-xforms.cc'
OR tName="'PrimativeOp'
OR tName="Mapping'
OR tName="MappingEditor'

OR tName="InputValue'
OR tName="Point'
OR tName="VEC'
OR tName="MAT'
OR ((tName ~ 'Dbg$' OR tName ~ 'Event$')
AND tType='Class’);
print "Dialogue $fields[0]";
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2 Insight

* Trade off
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Project decision makers
2 .
Performance engineers
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Onsite analysis
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Scenario scribe
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Proceedings scribe
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Raw scenarios
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® Conceret
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! Maintainability
’ Data latency
* Transaction throughput
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! Sophisticated queuing
? Rate-monotonic performance analysis
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Scenario #: A12

Scenario: Detect and recover from HW failure
of main switch.

Attribute(s) Availability
Environment Normal operations
Stimulus One of the CPUs fails
Response 0.999999 availability of switch
Architectural decisions Sensitivity Tradeoft Risk Nonrisk
Backup CPU(s) 52 Ra
No backup data channel S3 T3 R9
Watchdog S4 N12
Heartbeat S5 N13
Failover routing S6 N14
Reasoning Ensures no common mode failure by using different hardware
and operating system (see Risk 8)
Worst-case rollover is accomplished in 4 seconds as computing
state takes that long at worst
Guaranteed to detect failure within 2 seconds based on rates of
heartbeat and watchdog
Watchdog is simple and has proved reliable
Availability requirement might be at risk due to lack of backup
data channel ... (see Risk 9)
Architecture
diagram Primar

CPU
(081) \
! heartbeat

oy [
I
) (0S1)
Backup
CPU with
Watchdog
(0S2)
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! Collective mind
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! Side effect
% Variations of scenarios
3 Utility-response curves
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! Host per web server
% Human web
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! Bell and whistles
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! Secure Sockets Layer
2 HyperText Transfer Protocol Secure)
¥ Requirements come and go
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2 Generic utilities
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! Proxy servers
2 Gateway
® Open-ended
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! Tension
2 Snooping
® Operators
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! Secure Sockets Layer
2 subprotocol
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' E-commerce provider's network

% Network Address Translation

¥ packet filters and application proxies
* Header
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! Integrated Development Environment (IDE)

Y



w,"wo; C,-_'Jfg 9 ‘5ﬂ'1id"‘?2'° c&bls é‘ﬁ \Ao;‘:e\iig -A=-¥-\¥

b et Lol Dl stas a1y ol s 55 O 5 Aoy o 033Gl @ s Sl Sl 55 (ilys

(o S350 Do s S (GOl (S35 Saeslsoll (gilane LS o fods Sledbl 5L
DS S pslie e 4 el U108 e STal w1 V=Y SS s el el Olis S S ol
=8 Gl slOlg 3l pomen 5 LS o eslind] YL s SbB g 6 nd lide (1S gl J s

LS e SaS S
&S Oleo gas 4 oliws —0-\Y

Sl 4 &t e o3l s e S Sl e 4 S i 3 eld i ol

el 0l 0313 OLES Y=Y s o Lol a0 plaas S5 0 gm0 .S 10y S

S S Bl 4 g e S AN Sl glene s (K g P

olazal 3 90 SSSU 3 g o fbu‘ 43& b
Mgcuﬂ\f‘g&uﬂ@ﬂ L;\..S‘J.iC;LAaMijﬂt&»w)JTw;ULdbw 0 s
A
S o
e e mS1 5 e K5 A5le 5 5 ealselQl el cokisls  5s (SSg580 -
Pl e Lbdoles -

4 Olall (S il Gla e g 25

28l 9 (83 g0e dnw S o3ll -

Pre ok iy a5 glaesls)l 5 b Jolas = Sty mlde
Sl
e S STl - o
Spdomn | ghges S uli s 53 o s o sas LIS (OIS 50, - -
plresl (S e Gla g L 2 54 Gl 5 ealaall S50 sl Slas g5lulir o

Ciliee claaY s Ll 05l 8

Yo




63‘9}‘" 6)\.«.&& 4.§J.>- 45-}3-—9—“‘

Il s el (olens 4 gz 3 ki G Sl A O b Censs 4 2SS
A5 ke 4 358 e sdalive sdudy (goldad 35

(B3 5 e oS el b LIS e Llsle ) S el B 8 ladas Lglesla ol 8
Wil s 8 LS o W5 L il s OBAS @l 3 Ll @l |gime oS
Sl (85,08 b OB Las s s e (L6330 L (botins e s e s S 55 0 tils) LS e
5 g DS ol 5 (ol e 5 LaaSid (2815 D8 s oy g o G351 Sl Ji 5l el
ol sy gl 2B, gl pl (553 a3 A e ST o L 5 se gleesls

03 355 (S5 p 03l OLES Olalgs oS Wlodal 3525 & WBC , o5dle 5L e slaeds ool §
5,5 Syl Apache o5y, Ll 5 e Wl der 5l ks Os ann s

sl AL oy a5 55 ool 25 s CERN o §

S S p s Shee i 5 anns i) o db s (b Logasie) s @ bge el 8
e

oS A 55 5 Olasle L Ol 355 4 g o5 ann 5 laome G Olsie 4 s Dos s 8
A3 s Sl s Sl oS w55 s g e i 'UDDI Jle gl 5 vl 0l Ay
sl Oy 5 e 63,005 laasl ol SaS L Olse a4 Ll o W s ol XS e
3 g

ool s Oles o olg OL)l8  ses Tgie 9 g okus V.a\j.e Oaee 9 oA pw 9w
Sun,) s oljle ptix 5 Apache o35, « UDDI b bl s 5 W3C by 4 Jlens

03,50 Iy (6 miS e Slore = 4t o e s il il el s (Microsoft, AOL/Netscape

' Phenomena
? Universal Description, Discovery, and Integration
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! Software-Intensive
Z Mission

% Core assets

* Tailorable

® Users manual

® Scope
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! Core asset base

? Variation points

* Manufacturing

* Inter-product commonality
> Customer groups

® Technical management
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' Examplar systems
% Security

¥ safety

* Reliability
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! Inclusion or omission of elements

2 Inclusion of a different number of replicated elements
¥ Static libraries

* Dynamic link libraries

® Specializing
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! Reflection

2 Overloading

® Rationale

* Combinations
> Resolution

® Generator
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! Robustness
2 Generality
% potential contention
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! Software engineering institute
? Practice areas
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! Adoption strategies
? Top-down adoption
¥ Botton-up adaption
* Grow

® Proactive
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! Development department
2 Business units
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' Domain engineering unit
? Hierarchical domain engineering units
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