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37. 4AL13CS106 | SUPRITHA KN
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SOFTWARE ARCHITECTURES
Subject Code: |O 1S 8]

LA, Marks : 25

Hours/\Week : 04 Exam Hours: 03

Total Hours ; 52 Exam Marks: 100
PART-A

UNIT-1

6 Hours

Introduction: The Architecture Business Cycle: Where do architectures come from? Software processes
and the architecture business cycle; What makes a “good” architecture? What software architecture is and
what it is not; Other points of view; Architectural patterns, reference models and reference architectures;
Importance of software architecture; Architectural structures and views.

UNIT -2

7 Hours .
Architectural Styles and Case Studies: Architectural styles; Pipes and filters; Data abstraction and object-
oriented organization; Event-based, implicit invocation; Layered systems; Repositories; Interpreters;
Process control; Other familiar architectures; Heterogeneous architectures. Case Studies: Keyword in
Context; Instrumentation software; Mobile robotics; Cruise control; Three vignettes in mixed style.

UNIT -3

6 Hours

Quality: Functionality and architecture; Architecture and quality attributes; System quality attributes;
Quality attribute scenarios in practice; Other system quality attributes; Business qualities; Architecture
qualities. Achieving Quality: Introducing tactics; Availability tactics; Modifiability tactics; Performance
tactics; Security tactics; Testability tactics; Usability tactics; Relationship of tactics to architectural patterns;
Architectural patterns

and styles.

UNIT -4

7 Hours

Architectural Patterns — I: Introduction; From mud to structure: Layers, Pipes and Filters, Blackboard.

PART -B
UNIT -5

7 Hours

Architectural Patterns — 2: Distributed Systems: Broker; Interactive Systems: MVC, Presentation-
Abstraction-Control.

UNIT -6

6 Hours

Architectural Patterns — 3; Adaptable Systems: Microkemel; Reflection.

UNIT -7

6 Hours

Some Design Patterns: Structural decomposition: Whole — Part: Organization of work: Master — Slave;
Access Control: Proxy,

UNIT -8

7 Hours

Designing and Documenting Software Architecture: Architecture in the life cycle; Designing the

architecture; Forming the team structure; Creating a skeletal system, Uses of architectural documentation:
Views; Choosing the

relevant views; Documenting a view; Documentation across views.

Text Books:

I. Len Bass, Paul Clements, Rick Kazman: Software Architecture in Practice, 2u Edition,
Education, 2003,

(Chapters 1,2, 4, 5,7,9)

2. Frank Buschmann, Regine Meunier, Hans Rohnert, Peter S
Software Architecture, A System of Pattems, Volume 1, John
3.4)

3. Mary Shaw and David Garlan: Software
2007.

(Chapters 1.1, 2, 3)

Reference Books:

I. E. Gamma, R. Helm, R. Johnson, J. Vlissides: Design Patterns- Element ject-Ori
L e T ents of Reusable Object-Oriented

Web Reference: hup:ffwww.hillside.net!patternsf

Pearson

on}mcrlnd, Michael Stal: Pattern-Oriented
Wiley and Sons, 2007, (Chapters 2, 3.1 to

Architecture- Perspectives on an Emerging Discipline, PHI,



Eighth Semester B.E. (CSE)

Subject CODE :101S81
Duration: 1 % Hour

1 a)
b)

2 a)
b)

3 a)
b)

4 a)
b)

5. a)
b)

6. a)
b)

- Tl

ALVA'’S INSTITUTE OF ENGINEERING & TECHNOLOGY, MOODBIDRI
(A unit of Alva’s Education Foundation)

23" MAR 2017

Note: 1) Answer Two Full questions from cach Part,

PART-A
Why is Soflware Architecture important? Explain in brief,

Explain in brief about Pipes and Filters style with neat diagram and also list out advantages
and disadvantages of the same.

How the following architecture styles gives solution for Keyword in Context case sudy and
also explain problems of cach
i.  Main progranvSubroutine with shared data
ii.  Pipesand Filters solution

Explain with a neat diagram how the Architecture Business Cycle (ABC) works,

Briefly explain what different influences to and from architecture are.
What is architectural pattern, reference model, reference architecture?

PART B

How the following architecture styles gives solution for Mobile Robotics case study and also
explain requirements of each ;

i.  Layered architecture solution.
ii.  Implicit invocation solution.

Explain the Layered systems architecture style with a neat diagram and also list the
advantages, disadvantages of the same.

Explain in bricf about Instrumentation software
i.  With Object Oriented model solution.
ii.  With a Layered model solution,
Explain security general scenario with a neat diagram,

Write a notc on system quality attributes.
Explain Availability general scenario with a neat dingram.

I. A Test Examinations-1

SUBJECT NAME: SOFTWARE ARCHITECTURES
Max. Marks: 50
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ALVA’S INSTITUTE OF ENGINEERING & TECHNOLOGY,

MOODBIDRI

(A unit of Alva's Education Foundation)

Eighth Semester B.E. (CSE)

I. A Test Examinations-I

SCEHEME OF EVALUATION

SOFTWARE ARCHITECTURE

SUB CODE: 101581

Note:

Answer any Two full questions from each part.

a) | e

YVYVVVYVY

VY VvYvYY

Architecture is a vehicle for stakeholder communication
Architecture manifests the earliest set of design decisions
The architecture defines constraints on implementation
The architecture dictates organizational structure
The architecturé inhibits or enables a systems quality attributes
Predicting system qualities by studying the architecture
The architecture makes it easier to reason about and manage change
The architecture helps in evolutionary prototyping
The architecture enables more accurate cost and schedule estimates
Architecture is a transferable, reusable model
Software product lines share a common architecture
Systems can be built using large, externally developed elements
Less is more: It pays to restrict the vocabulary of design altematives
An architecture permits template based development
An architecture can be the basis for training

6M

b)

Pipes and filters -F bort

Diagram

T 7 "

—'v

d"i“"i_':'::':'“‘:"""‘*"’ systemis have a number of nice properties. First, they allow the
i ol e l::h t:fmnd the overall Input/output behavior 6T @ sysiem as a simple composi-
e hunlu.-dn lﬂl"ll‘-‘ll' the individual filicrs. Stcond, they support rcuse: any two filters
Bt s T;‘-;:“'j" ver, provided they agree on the data that ere being transmitied
i siisting L)H;t:||‘1 m;;’:;;'ﬁ are casy to maintoln and enhance: new filters can be added
ceriain kinds of specialized ;::crmi-‘qinn bl!dl::PlﬂClld L mptones onen Sontihothey p_errn[l
they naturally support wncurmni c;;;:gio:‘u;.?ﬂ:?hpm m;,:: ld“dlocu Sheirsin Flnatly,
task ml\id PG':cmiallr executed in parallel wt:h‘mhfe: ﬂl:::s:gn R e
Ut these syatemas also hove their disadvantages.? First, g

lead to a batch organization of pmccuhmfﬂﬂu‘fmu"“;n::i:;:::: Sﬁ'i%ri‘:‘ﬁ“m‘-f__ﬁfn
they are inherenty independent, so the designer must think of each-filter 'm;’““‘ ¥
complete transformation of input data o oulput datayln particular, becaus mrp:w el
ff-rmallntnal char cter, pipe-and-filter systema are typically not Eozid Stk l=t:m| eir trans-
tive :appllcaluun:.. 'This problem is most severe when inevementat dis llln ng Interac-
required. because’the output pattern for Incremental updates is radicall ‘ﬂ;’:}' updates are
patiern for filter 0”1].“."..'55(011(]' they may be hampered by having to r: ; erent from the
dences between two separate but related ilﬂam\# Third, depending o . :‘:nin corresipon-
uon, they may force a lowest common denominator on data lmﬂalmt;]' = lmplcmtnln..
added work for each filter 10 parse and unparse its data, This, in arn, ¢ lnn. {esuking in
of performance and (o increased complexity in writing the filters lher.n;?g?p;qld both 10 loss




a)

Main program/subroutine with shared data

Dirvct Mamory Access
—_ Subprogram Call Master Cantrol
—Sﬂ“mj// r)/ \\
Input Clreular Shift Alphabetizer | Outpat
Charactars Index P
Input :‘“’"'
Madiars edium
Drawbacks:
¢ Changes in data storage format affects all modules
e Changes in algorithm not well supported
* Enhancements not easily encorporated
* Not supportive of reuse
Pipes and filters
Input _- | Circular
Medium It i
=2 Pipa
= System ['0
Aphabetzec (= Ouput o= ;13;?"*
um

Drawbacks:

* Itis virtually impossible to modify the design to support an interactive system

* The solution is inefficient in terms of its use of space, since each filter must copy
all of the data to its output ports

» Changes in processing algorithm- reuse affects

e Overhead: parsing and unparsing the data into pipes

» Extra execution overhead

"..‘L
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b)

bb o Archliect's Iafluenos Lo ALS A

! s .- .‘- ﬂ s = = (S

3D SRl &
paad Rt ' (Guaiities) i
{ ‘Technical Environmant 1 |
s e | L)
 Archliect's Exparience 2

1
|

e R}

e — — b b

The architecture affects the structure of the developing organization
The architecture can affect the goals of the developing organization
The architecture can affect customer requirements for the next system by giving
the customer the opportunity 1o receive a system (based on the same architecture)
in a more reliable, timely, and economical manner than if the subsequent system
were to be built from scratch

%> The process of system building will affect the architect’s experience with

subsequent systems by adding to the corporate experience base.

A few systems will influence and actually change the sofiware engineering culture, that is,

the technical environment in which system builders operate and leam.

vy

Building the ABC by identifying the influences to and from architectures:

Architectures are influenced by system stakeholders

Architectures are influenced by the developing organization

Architectures are influenced by the background and experience of the architects
Architectures are influenced by the technical environment

h U U o

v

b)

Architectural Patterns, Reference Models, and Reference Architectures
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ii) Implicit Invocation

an —]

t Temb 12w e plicon

Fulee & BB
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{ [ Task ]'

b)

Layered sysfems
Diagram......cceeunvnnans
Advantages:
e The implementers can partition a complex problem into a sequence of incremental
steps.
o In layered systems each layer interact with atmost the layers above and belove,
changes to the fuction of one layer affect atmost two other layers
* They support reuse.
Disadvantages:
e Performance may require closer coupling between logically high level functions
and their lower lavel implementations
e [tisdifficult to find right level of abstraction
e Itisdifficult to map existing protocols into the ISO framework

Instrumentaion software

1Object oriented model

Focused on producing object-oriented model of the
domalin

Thins produced a good model of the data Involved

Oscllloacopea
Object

—

[Max-minwvrm I IJ(-Y Wvl'n'll lA:curnuluthvrm ]




No overall model of how the types fit together
Led to confusion about partitioning the functionality
* Should measurements be associated with data type of what is being measured? Or
represented extemnally
*  Which objects should the interface interact with,

ft)..n yered model

Digitization
Visualization

Userinterface

This model was intuitively appealing since it pantitioned up the functionality into well
defined groups.
However, wrong model:
* main problem was that the boundaries of abstraction enforced by the layers conflict
with what was really needed.
user interactions with the visualizations but real oscilloscopes must interact at several
levels

Security general scenario

Artifact: 'm
—| Dala within —r-
Stimulus: the System| Response:
Tries to stem
Modify Enviro t- aintains
Source: Information ugdnr nment:  Audit Trail EEEEE".EB
Correclly FIDFFI-‘I&' mMgasuie.
Identified : Comect
Individual Operations Data Is
Restored
within a




Portion of Possible Values

Soenano
Some  movdslospuatats
comectly identfad, dentfied incomecty. of unknown identity
who s
rtamalenemal, ReTroeano xothooed
wih X0 D
Erreted resourTes, WS resouTCRS
Stmukn Tres o
dsplay data, change/delets cata, a00ESS SYREM ervoes, reduce avalablly 1o system servoed
At System secvees; dath winn sysem

Efvronment  Esher

onine or offine, cormecied o daconnected, firewaled or open

System quality atiributes

Stimulus Response

s Environment Response
o!sw5ﬂmul i Meoasure

Each part explaination....

b)

Availability scenario

The availabilty of a system i the probablity that i wil be operatonal when it is neeced. This is typically defined as

. moan timo lo {allure
mean time to fallure + mean time to repalr

x

‘._;




Table 4.1, Avaibbilily General Scenario Generation
Porfionol Scenarlo  Possible Values

Saure Intemal o e system exdemal b he sysien
Stmubus Fault emission, orash, tming, respons
Attt Systerr's processors, communication channels, pistent siorage, processes

Erdonment  Normal operaton

degraded mode (e bewer features, 3 fal back soiution)

2V &)
Resporse System shauid detect event and do cneor e of e olowing r
recod d
roty appropeiate parbes, induding fhe user and other systens

ﬁﬁmﬂmmmhmmmmwm
be ungvalable kr 3 prespeaied intarval, where interval depends on crcalty of system

confrue 1o cperate in normal or degraded mode

Response Measre  Tinaintervall when the system must be avalibie
Aratablity e
Time intarval in which system can be in degraded mode

Reair e (]
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Note: 1) Answer Two Full questions from each Part.

PART-A
Define tactics. Explain availability tactics with a neat diagram

Explain the scenario of MVC which shows how user input that results in changes to the
model triggers the change propagation mechanism
Explain the implementation of PAC

Explain CRC card of Broker architectural pattern

List and explain the components involved in microkemel architecture.
Explain Testability tactics with a neat diagram
PART B
Explain the dynamic scenario of microkernel which shows the behavior of Microkernel

architecture when an external server requests a service that is provided b internal server

Explain security tactics with a neat diagram

What are the steps involved in implementing broker architectural pattern

Explain Performance tactics with a neat diagram

Explain the CRC card of PAC architectural pattern,

Explain the benefits and liabilities of MVC architectural pattern
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- SCEHEME OF EVALUATION

SUB CODE: 101881 SOFTWARE ARCHITECTURES
Note:  Auswer any Two full questions.
1 [a) | Availability Tactics: ’ 6
T e e F TP £ et

Tactlcs

S v
valla

L1
e P L R o
---u--..al..-.....___:_..._...— O

FAULT DETECTION

Three widely used et for recognoing fals are pinglecho. heartbeat, and erceptons.

L] Mﬁuwi:mawwmumﬁuhekhmm:mﬂnﬂmmum
md-umq-.Thismbcuuduﬁmn:pwpotmmmﬁhhqwu—.;-mﬂumhmlw
dﬂ:hmmﬂd.wnﬁeﬂn&ﬂnmﬁnpﬁmﬂuwa‘wmmhwm
bounds. Ting'echs” fault detwctors can be organized in o hierarchy, nMamm«mwum
processes with whach i shares a procaaacr, NMWHMGMMQstMuu:m
i Tt o b | Do @t e Lol detenion Bial pangs o pruoeses,

8 Hoariboat (doad man Bmov). In thiz s220 onc semponen] cmis a hearth mewage peredicaly and anahor componct
hu-nhril.HMWhhhcu@mﬂcmlh.wbhnwwammmb
nulﬁrd.Thiwcmlhnmﬂmrw“-rﬁ.mwhhm“nmmhwdhha
Vel W saver, This iressdye il wily ucts o o livd Lol Lot wb v sy ot W b praasssed.

Execptions. One mcthod for reaognzing Exults i= 10 cnaounicr an cxocption, which ko raized when onc of the foult dlamess we

daansed in Chapter 4 s recognized. The exception handler hypicaly execvies i the 3ame proceas tat ntroduced S
caLeption,

FAULT PREVENTION

The kllowing are woma faull previntios tactos

®  Removel rom sarvice This Lactic remaves & conponent ol the 3ysten from operation o undeMo some activiss 10 prwvent
artcipated Giures. Oss axampls i3 nbootng a componart 1 revent memony keaks from causing » Eaiure. I Pus wmosal

from service b aulomatic, an archiltectural sirategy oan be J4450ed © upport L B H by rmamua, v Syibim rmast be ders gned
W0 Suppont il

rmamummalmmmmmmumm can ba undone B once.
Transaction are aad Lo prvvend any Jata om being affected I one stepin 3 proceis tals and alis o preyent collaions
anong Mveral snuianeous thryads acoemsing the same dats,

mmm;uh-mmmm.ﬁuummmummmm
crrate 8 new nslince of K, Nlazed b e appropiaie stae s inthe pare ot




FAULT RECOVERY

[

follew.
F2:1 recovery cons'sts of preparing for recovery 33 makng the system repas. Some preparaton wnd rparlacis

imple that s sent
® \Voting Processes auning on redundant processors ech ake equvalent nput and compute 3 simpie output s

10 2 voter. ¥ the voter Getects deviant behavior fom a sngle procussor, i fals il The voting Jigonthm can be numyndes of
“prefermed component” o some ather algoneyn. This method « used to comect sty operaton of Jigorthms of falure of 2
processor and is oten used in controd systems. 1 all of the processors utlize the same Fgonthms, the nedundancy detects only
aprocessor [t and rol an algontn [t Thus, d the consequence of 2 fakure o exreme, such a3 potental loss of bfe, the
recundant components can be dvirse

One extreme of dversty is that the software for each redundant compontnt s developed by dfferent ams and executes on
dsumitar platforms. Less extreme 1310 dewelop 2 single sofware component on dasimly platforms. Diversity 13 expensive (o
develop and mantan and is used only n exceptonal cirrumstanoes, such s the control of surfaces on ancraf, It s usualy
used for control systems in which the cuputs o the voter are sraightionward and easy to classiy as equivalent of deviant, the
computations are cyclic, and a1 redundant components rece ve equvaknt nputs rom sensors. Drversity has no downtme
véhen 3 falure occurs snce the voler cortnues Lo Operate. Variations on thes approach nchude e Smplex approach, whch
uses the resuls of 3 “prefemed” component unleds they deviate fom those of 3 Tusted” component, to which t defers
Synchronizaton amang the recundait components s 2omabe wnce hey e M assumed 10 be compuling On the same sel
of inputs in parafiel

@ Ackve recundanzy (hol restar. Al redundant components respond 1o events in paraliel. Consequenty, they are al in the same
state. The response from only one compenent it tried (usually the first to respond), and the rest are dabarded. When a fault
ocours, the dovwntime of systems using Ciis Lactic is uwaly milseconds since the backup is cutrent and the only time to
recover & the switching time, Active redundancy is ofien used in a dunt/server configuration, such as database management
systems, where quich respanses are neceisary even when a fault occurs. In 2 heghly avalable distidnded syslem, the
recundancy may be in the communcaton paths. For example, & may be desirabla 10 use a LAN with 3 number of paraliel paths
and place each redundant componen! in 2 separate path. In this case, a single bridge or path faiure wil not make all of the
Sysiem's components unavadable.

Synchronizaton is performed by ensunng that a1 messages 1 any redundant compenent are sent 1o al recundant
components. i communication has a pessbilty of being los! (because of nowy or overloaded communication Enes), a refable
ransmssion protocal can be vsed 1o recover. A refable ranwmesssion protocel requires ad recpients to acknovdedoe receipt
fogether with some integrity InCication such 13 3 chechsum. f tha sender cannot venly that all recipients have receved the
mes33pe, it will resend the message to thase campenents not acknowledging recept The reserding of unfeceived messages
(possibly over diferent communication paths) continues until the sender marks the recipient 23 out of service.

®  Passive redundancy (warm restarttiual redundancy:trple redundancy). One component (the primary) responds o events and
indforms the ofwr components (the sandbys) of state updates they must make. When a fault occurs, the system must first
ensure that the backup stale & sufficenty fresh before resuming services. This approach is also used in contrel systems. often
mmumammuMMutmmnm»mmnmmmumw
on biwre. Chagter § descriding an 3 raffc control examgple, shows 2 system using R In the Jir traffic convrol system, e
secondary decides when to Lile over from the prmary, but in other systems this decision can be done in cther components.
ﬂhhﬁcﬂwﬂ;mhﬂnﬁrmwmﬁﬂﬁmrﬁ:&;.%g%wﬂﬂr—&w,ma@
o onoe 3 woth—increases the avadabdity of the system. Some dalabase systems force 3 switch weth storage of every new
daty item. The new data item is stored in 2 shadow page and the ald page bicomes a backup for recovery, In this case, the
doventime can wsually be Emvied to seconds.

Synchronization is the responsilly of the primary componend, which may use atomic broadeasts bo the secondasies i
guanntes synchronzaton.

®  Spare. A standby spare computing platform is configured to replace many ddferent falled components. )t must be rebocted fo
the appropriate softeare configuration and have its state inisialized when a fadure ooours. Making a checkpoint of the system
state 1o a persistent device periadically and logging al state changes o a persistent device allows for the spare o be set b the
appropriate state. This & often used a3 the standhy chent workstation, where the user can move when a fadure caars. The
downtiroe for this tacse is usually minutes,
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2her it has been comected. Such Lictics are thadow speralion, state resynchronlzaton, and rofbadk.

®  Shadow operation. A previously faded compenent may be run in “shadow mode® fora shor tme 1o make sure thar & mmics the
behavior of the working components brlfore resionng it o service

®  S1ate resynchronizaboa. The pasyive and actve redurdancy lactios ‘equire Uhe component being resiored to have 5 1L
upgraded befere ity 1etim 1o service, The updating approach vall depend on the downtime Tiat canbe sustaned, he size of
the update, and the number of messages requred for the update. A single message conlaining the state is prefenitle, 4
poasible. Incremental state UpGrades, Aith perods of service between increments, lead (o complicited safyrare.

® Chechpantiolback Acheckpoint is arecording of 3 sonsistent state areated either periodically or n fesponse o speafic
events. Somatimes 3 sestem s in 3n unutual manner, with a detectably inconsistent state. In this case, tie sysem should be
resIrec using a previoss checkpoint o a consislent state and a log of the tansacont that occurmed snce the snapshot was
taken.
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a)

Implementation of PAC
1

4]

. domain and
Define a model qf the application. Analyze the D[’;":",';-'::t‘ e iaer ihe
map it onto an approprinte software Hlnlt‘-“'r_c' ;mr"mm this step.
distribution of components Lo PAC agents when "::ncl renn Eation. of
Concentrate on Ninding a proper dccnmpnﬁll.lor:t i ira- LA tarins
the application domain. To this end, answer the (o
* Which services should the systemn provide?
* Which components can fulfill these services?

What arc the relationahips between compoiicnta?
How do the components collaborate?

What data do the components operate on?

How will the user interact with the software?

Follow an appropriate anudysis method when specifying the model.

bonne a general strategy for orgamnzing the PAC tuerarchiy. at thas
point we have not yet defined Individual agents, but &an specify
general guidelines for organizing the hierarchy of cooperating agents.

Spec(ly the top-level AL agent. ldentty those paria ol the analysis
madel that represent the funcuonal core of the syRtem. Those are

mostly components that maintain the global data model of the
system, and com

such as menu bars or dialogs with Information about the system. All
components {dentified in this step will be part of the top-level agent.

Specify the bottom-level PAC agents. ldentfy those components of the
analysis model that represent the smallest selt-contained units of the
system on which the user ean perform operations or view presen-
tations. In our txample system. these units are the various diagrams

and charts PresenUng clecUon data, and the spreadsheet for entering
thia datn,

Mputer interge
mente; Al componanta thi provie e, ORaCuY Corno,
> an n rovi =
such as graphical sm scnted to g, 2CF INterfuce of the
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21b) | Broker CRC cards: .6 ;f
Clans Collaborurers Class Collaora Lors ; |
Clhenit . ﬁ[ltnl-ﬂ-dr Brnver -Prm,"'"“""* |
Respons Uity » Drvker ResponsibUlty * Bsoker {
¢ Il el iy . Irupuurnu
funcisanality. |
* Dwands serguuais tu = ﬂ"“"‘"" A if writh 1 {
senvers through o the kcn) Droker i !
cIient sid e proxy. * Sends IeAPOITeS : :
and exce s i
back tn cliere |.
throufh & =rmver- !
ssde proxy.
Class Col lclsora Lo
roker = Clirant
- B T
unpnq..l.illll’y = Chent aale Mroxy
I‘E:Lhr:nbtwu = Serrver side Praxy
s Offerw APl o
= Trunsfes=
nirysag-e.
* Nirver v
s In =i 10 Y \-uu
| otiar brakers
Ahreu gl el ges
E = L | 88 ST ATTR
|
Class Cullulamutors Cluss Collulorulurs
Client-sidc Praxy * Client Scrver-side Proxy | * Server
H[y + DNroker R L o Droker
» Encapsulales sys- = Calls services with
len-8 N func- in the scrver.
= Encapsulales sys-
. Mcdulu between tem-8; M,:s
the client and the ty.
broker. & hediates betweon
the scrver and the
3|a) Components involved in microkernel architecture: é
Microkernd ¢ Internal Server ternal Serve: crokernel
Responsibill Responsibility
‘ mﬁau:’t * implements
mechanlsms, tonal services.
» Offers communi- * Encapsulates
cation facilities. :""“‘m’g.m
* ]
' %mﬁ
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Collaborators
a:;:ww Server * Microkernci
Responsibility
* Provides
interfaces for its
clients.
Clazs Collchorators Class Collaba
Client * Adapter Adapter ‘ E'“"'“’I : m&m i
Hl;j:ﬂtn'bﬂ{m Responsibilicy e 4 .
L] u M -
it dependincies such
as communication
facilities froxn the
client
* lovoless methods of
external senvers on
bebalf of clients.
Testability Tactics:
INPUTIOUTPUT
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" INTERNAL MONITORING
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Dynamic Scenario of Microkernel:

Sasmearic X 11w oro oo the bBelhowvicer of o Mioroliermael ol e L0 Lus Fer
2ar154FTE AN EIIoVTLIA]l SaeTurar roquesets o Ssrvioo thhat im providesd bas am
trvremrninl seruvesr. I i ey FlEe W pamirrvees fhiat dhe Irsberven] sy -
implementod Os O 2 scparsic POOoCss. It cowuld alicrnatively be
imploemented oa o sharcd Iibromry thaoat s dyvnoarmicaolly Unked to thie

microlkormol
+ The external server sends a scrvice request to the microkernel.

- A proceciure of the progriunnming interfoce of the microkerncl is
called to handle the scrvice request. During mcthod execution the
microkernel sends n requcst 1o an intermnl scTVeT.

= After recetving the request. the internal server exccutes the
requested scrvice and scnds all resulta back to the microkernel.

= The microkernel returns the results bmck to the oxternal scrver.,

« Finally. the external server retrieves the results and continues with
it control flow,

Extomal Microkemel Intearmal
Scxver Seorvor

“"L‘" exceuteMoechanism
—--I

recolve Requenst

scuteSorvios
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b)

Security tactics:

DETECTING ATTACKS

The ceticon of 3 ETck & exaly Trough an seston defrcion sy Such Tyuters work by comparng neteont Exfc paterms. S0 3
CEEDe In Tw crse of Precs Semcton, T T FItED 3 crmpared B haire paTems of Inown 253ck in e case of anomaly
Svietion, Sw Tafic prtery 3 ctrpared © 2 hstorcal basine of Diel Frequendy, D faciets mutt be iered n order o rake
oepariorn, Fiteong can be o0 T bna of proocenl, TOP faqs, paryicad SS6, 400 OF OHDNAtan adiress oF fort fumber

Fmon CHEcSTs VR R S0 100 2 4o’ 1 Grtect 2230, MONagen B 00 snsr La.on, Anbases for stormg everss for bter
=2, oo B SN rvportng and anafna, and 3 6onTol coroie 50 Ut B analyTt can moddy mTuLon Seaon acons

RECOVERING FROM ATTACKS

TMMHmmazﬂmHm“mmﬂmmwmmmm
werticaon (or ethef prewertwe or punitve pupon).
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|5]a) | Broker Pattern
| Imple on:
o e an existing model. Your cholce of object

:! Define an olpect 1t parts of the system under

model has a major impact on all other
| development. Each object model must specify entities such as object
| names, objects, requests. values, exceptions, supported types. type

extensions. Interfoces and operatons. In this first step you should
only consider semantc Issues. If the object model has to be
extensible, prepare the system for future enhancements. For
example. specify a basic object model and how it can be refined
systematically using extensions. More information on this topic 1S
| avallable in [OMG92].

| 2 Decde which kind qf component-interoperability the system should
offer. You ean design for interoperability either by specifying a binary
standard or by Introducing a high-level interface deflnition language
(IDL). An IDL flle contains a textual descripton of the interfaces a
server offers to Its clients. The binary approach needs support from
vour programming language. For example, binary method tables are
available In Microsoft Object Linking and Embedding (OLE) [Bro94].
These tables consist of pointers to method implementations, and
enable clients to call methods Indirectly using pointers. Access (0
OLE objects 1s only supported by compilers or interpreters that know
the physical structure of these tables.

3 Specify the APIs the broker componernt provides _for collaborating with
clients and servers. On the client stde, functionality must be availlable
for constructing requests, passing them to the broker and recciving
responses. Decide whether clients should only be able to invoke
server operations statically. allowing clients to bind the Invocations at
complle-time. If you want to allow dynamic invocations!S of servers
as well, this has a direct lmpact on the slze or number of APIs. For
example, you need some way of asking the broker about existing
server objects. You can implement this with the help of a meta-level
schema, as described In the Reflection pattern (193).

4 Use proxy objects o hide implementation details from clients and
servers. On the client side, a local proxy (263) object represents the
remote server object called by the client. On the server side. a proxy

5 Design the broker component in parallel with steps 3 and 4. In this
step we describe how to develop a broker component that acts as a
messenger for every message passed from a client to a server and vice-
versa. To increasc the performance of the whole system, some
implementations do not transmit messages via the broker. In these
systems most of the work is done by the proxies, while the broker is
still responsible for establishing the inittal communication link
between clients and servers. A direct communication between client
and server is only possible when both of them can use the same
protocol. We call such systems Direct Communication Broker systems
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5.4

3.5

3.6

6

cracting with clicnt-nlide
mapping of Feuesis,
protocol. Tnoan
I handles the

SPCciiy i detiailedd o the ire protocal for it
proavtes and server stde proxtes. Plan the
respaivanes, and exceptions Lo your mternnl messipe
o thewhe pratocol, the tntemal messagie pratocs
Mapping of higher level structures such as parameter vidues, methodd
name s and retuen values to correspatuding strmetaren apeciiicd by the

undevtying inter-process communieation meehanism,

A local broker must be avallable (or every participatigg machine
network, If TeqUEsts, responses oF exceptions are transferreed from
one network iode o another, the corresponding local brokers must
communicate with each other using an on-theswire protocol. Use

When a client invokes o method of a merver, the Droker system I8
responsible for retuming all reaults and exceptions back Lo the origl-
nal client. In other words, the system must remember which client
has sent the request. In the Direct Conununication vartant (sce the
Varinnts section) there (s no need to remember the originator of an in-
vocaton, because the client and the server are directly connected
through a communication channel, In Indirect Brolker systems you
can choose between different means of remembering the sender ol o
request, For exnmple, you may specify the client's address as an ad-
didonal, invisible parameter of the request or message.

If the proxies (sce step 4) do not provide mechanisms for marshnling
and unmarshaling parameters and results, you must include that
functionality in the broker component.

If your system supports asynchronous communication batween
clients and servers, you need to provide message byfers within the
broker or within the proxies for the temporary storage of messages.

Include a directory service for assoclatng local server identifiers with
the physical location of the corresponding scrvers (n the broker. For
example. if the underlying Inter-process communication protocol 18
based on TCP/IP. you could use an Internet port number as the

physical server location,

When your architecture requires system-unique idenuflers to be
generated dynamically during server registration. the broker must
offer a name service for instantinting such names.

If your system supports dynamic method invocation |see step 3), the
broker needs some means for maintatning type information about
existing servers. A client may access this information using the
broker APls to construct a request dynamically. You can implement
such type information by instantating the Reflection pattern (193). In
this, metaobjects maintain type information that is nccessible by a

metaobject protocol.

Develop IDL compllers. Whenever you implement Interoperability by

providing an interface definition language. you need to bulld an IDL
compiler for every programming language you support. An IDL
compller translatea the server interface definitions to programming
When many programming languages are in use, it is

language code.
best to develop the complleras a framework that allows the devecloper

o add his own code generators.
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b)

MYC
Benefits:

Multiple vinos qf the same model. MYC soicily scparates the model
from the uscr-interface componants. Multiple vicws can thercfore be
tmplemented and used with a single model. At run-timec. mulople
views muoy be open atl the same tme. and views can be opened and

closed dynamically.

pleress., The change-propagation mechaniss of the
model ensures that all attached obaervers are notified of changes o
the application’s data at the correct dme. This synchronizes all

depondent vicws and controllers.

Wwﬂmmmwmdm
mmwumMmmuﬂmm“nhjccudnm

User interface objects can even be subatituted at run-time.

o




1Exvchangeability af Toolk and grol’, Becoune the model in 'ﬂ"""l""‘:“:_lcc:";
ol all uscer-interince coddo, o poart of on MVC upp)lt‘:ﬂl‘lﬂu 15 Ayl
platform doan 1ol alfeat the funclional oore of (he applicaticon. e
arily el uuidtoslzles mplaomenialiors of il eas warct HETIFD
components for coach platform.

Freameriisarle prestarritial. T8 tha pHansibale te Tuesaes nry sepgslfcsatinr rr"m't" ';:;‘
on this pattern, an aketnhed In iImplemoentntion nleps 7 through ¥

The vartous Smalltalke developmend environmenis huve proven this
nppreach.

Liabilitics:

incroasad complietijs,. Following the Model-View-Controller niructure
siricdy in not alwiys the benst way to bulld an interactive application.
Cumman GamPl] argues thnt using scparate model, view and
controller compononta for menus and simple Loxt elomentis (Nnocroases
complexity without gaining much fMexibility.

Potential for cxccastvoe mumboer qf updates. Il o single uncr action "
respulis in moany updaten, the model should skip unnecessnory change

notflicadones. It muay be that not all views are inlerested In every
change-propaginted Dy the model, For cxaomple, a vicew with an

tcontzed window may not need an update untdl the window 14 restored
o s normial slze.

intirncdse conrneaerction bolwoeon viow and controtlor. Conwroller nnd view
are scpnrmte bul closely-relnted componcnts, which hinders thelr
Individual reusc. It is unlikely that a view would be used without its
controller, or vice-vernn, with the exception of recad-only views that
share n controller that ignores nll Imput,

Cloge coupling qf wvicws ancd contollers o a rmodel. Both view and
controller components make direct calls (o the model. This implics
that changes Lo the modcel’s Interfince nre likely 1o break the code of
beoth view nnd controlier, This problom s magnified if the aystom uscs
A mulutude of views and conlrollers. You can address this problem by
applying the Commund Procossor pattern (277), ans described 1n the
Implemeniation sccUlon. or some other means of indirection.

Ingfflciency qf data acoess in vine. Depending on the nterfuce of the
maciel, a view may need 1o muake multiple cails to obtatn all its display
data. Unnecessarily requestung unchanged doata from the model

weakens performance If upcdaten arc frequent. Caching of data within
the viow (mnproves reaponsivencss,

Incuvtabdity of change o wview and controler when porting. All
dependencions on the uscr -tnterface plutform arc cneapsulated within t
view ard controller. However., both componcents alano contain code that

in inclependent of a apecific platform. A port of an MVC sysatem thus
requires the acparation of pintform-dependent code before rewriting.
In the case of an MVC framework or a large composcd application, an
ndddittlonal encapsulatiaon of platform dependencies may bc required.

Dufculyy @ using MVC with modern user-inteace roots. Ir portabilicy
is not an 1asue, using high-lovel tonlkita or user Interface bulldern con
rule out the use of MVC. It is usually expensive to retrefil toolkit
components or the output of user interface lnyout tools tn MVC,
Additional wrapping would be the mnimunm requirement, In addition
many high-level tools or toolkits define thetr own flow of conixal anu
handle somoe ocvonts internally, such as displaying o pop-up menu aor
scrolling s window. Finally. a high-level user Interface platform may
already Interpret cverks and offer callbacks for each kind of user
activity. Moat controller funcuonality is therofore already provided by -
the toolkit, and o scparnte componant is not necded.

ﬁﬁg“ﬁjf“),
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a) Explain the structure of Reflection Pattern 6
b) Explain the dynamic scenario which illustrates the collaboration between base level and
meta level when reading the objects stored in a disk file 6%
a) Explain the dyni.mic scenario of whole part which illustrates the behavior of whole part
structure
b) List out the steps to implement whole part structure 6%
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b) Explain the benefits and liabilities of master slave pattern 6%
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a) Explain the dynamic scenario of proxy pattern 6
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b) Explain the benefits and liabilities of blackboard pattemn B Y4
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PART A

1.b)

The meta level consists of a set of metaobjects. Each metaobject encapsulates selected
information about a single aspect of the structure, behavior, or state of the base level. There are
three sources for such information: It can be provided by the run-time environment of the
system, such as C++ type identification objects. It can be user-defined, such as the function call
mechanism in the previous section, It can be retrieved from the basc level at run-time, for
example information about the current state of computation

The base level models and implements the application logic of the software. Its components
represent the various services the system offers as well as their underlying data model. The base
level also specifies the fundamental collaboration and structural relationships between the

components it includes. If the software includes a user interface, this is also part of the base
level.

Class Collaberators Claas Collabarators
Base Level * Meta Level Meta Level * Base Leve)
Responsiblitry Responsiblilty
* Implements the * Encapsulates sys-
application logie. tem inlermals that
* Uses information may change.
provided by the * Provides an inter-
meta level. fate o (acilitate
modifications to the
meta-level,
Clazs Collaborators
Metaohiect Protocol | ¢ Meta Leve]
Responsibitity : ol
. ?ﬂm an mterface
or .mﬁ
C {+]
ey by

* Perf:
m?‘aspmmed

The scenario is divided into six phases: The user wants to read stored objects. The request is
forwarded to the read ( | procedure of the persistence component, together with the name of the
data file in which the objects are stored. Procedure read 0 opens the data file and calls an internal

readobject ( | procedure which reads the first type identifier. Procedure readObj ect ( calls the
metaobject that is responsible for the creation of objects. The ‘ob

: > X : ' ; ject creator’ metaobject
instantiates an 'empty’ object of the previously-determined type




2.a)

Procedure readobject () requests an iterator over the data members of the object to be read i:rom
its corresponding metaobject. The procedure iterates over the data members of the ob%ecl-
Procedure readobject ( ) reads the type identifier for the next data member. If the type identifier

denotes a built-in type--a case we do not illustrate--the readobj ect () procedure directly a

the next data item from the file to the data member, based on the data member's size and
within the object.

Penlstence Object Type-Info-1 Type-Info-2
Component Creator Metnobject Metaobject
read
read Object
readTypeld
createObjectitypeld)

data D-Member

"} Iterator
1 ]
2 o O

]
o

1sButltin

i : »qj
| ]

111-

|

The scenario consists of four phases:

* A client invokes the rotate method of the line L and passes the !
angle a and the rotation center ¢ as arguments.

* The line L calls the rotate method of the point p,
+ The line L calls the rotate method of the point q.

¢ The line L redraws Itself using the new positions of p' and q* as
endpoints.

Client Line L Polnt p Point q

A

a. o] rotate

I.' ull\ﬂﬂtﬂ

—
-

drawLine

ssigns
offset
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2.b)

3.a)

@

To implement a Whole-Part structure, apply the following steps: 1 Design the public interface of
the Whu!e. Analyze the functionality the Whole must offer to its clients. Only consider the
client’s viewpoint in this step. Think of the Whole as an atomic component that is not structured
Into Parts, and compile a list of methods that together comprise the public interface of the Whole.
2 Scparate the Whole into Parts, or synthesize it #om cxisting ones. There are two approaches to
assembling the Parts you need--cither assemble a Whole 'bottom-up' from existing Parts, or
decompose it ‘top-down' into smaller Parts
3 Ifyou follow a bottom-up approach, use existing Parts from component libraries or class
libraries and specify their collaboration.
4 11 you follow a top-down approach, partition the Mirhole's services into smaller collaborating
scrvices and map these collaborating services to separate Parts.

5 SpeczA the services of the Whole in terms of services of the Parts.
6. Implement the Parts. If the Parts are Whole-Part structures themselves, design them
recursively starting with step 1.
7. Implement the Whole. Implement the Whole's services based on the structure you developed
in the preceding steps

The master component provides a service that can be solved by applying the 'divide and conquer’
principle. It offers an interface that allows clients to access this service. Intemally, the master
implements functions for partitioning work into several cqual sub-tasks, starting and controlling
their processing, and computing a final result from all the results obtained. The master also
maintains references to all slave instances to which it delegates the processing of sub-tasks.

Class Collaborators Class Collaborators
Master * Slave Slave -
Responsibility Responsibility
* Partitions work . lmgtments the
among scveral sub-service used by
slave components the master.

* Starts the execu-
tion of slaves

* Computes a result
[rom:the sub-
results the slaves
return.

The structure defined by the Master-Slave pattern is illustrated by
the lollowing OMT diagram,

*2
Master ‘ Slave

de ]
mySlaves sult;-gi:(si execulion subService

combincResulls
scrvice




4.a)

4.b)

The Master-Slave design pattern provides several benefits:
Exchangeability and extensibility

Separation of concerns

Efficiency

The Master-Slave pattern suffers from three liabilities:
Feasibility

Machine dependency.

Hard to implement

Portability

PARTB

The proxy offers the same interface as the original, and ensures correct sccess to the onginal.

e

To achieve this the proxy maintains a reference to the original it represents. Usually there is ,;

2 one-to-one relationship between the proxy and the original, though there are exceplions o
this rule for Remote and Firewall proxies, two variants of this general pattern. See the
Variants section for more information. The abstract original provides the interface
implemented by the proxy and the original. In a language like C++, with no notable
difference between subtyping and inheritance, both the proxy and the original inherit from
the abstract original. Clients code agdnst this interface when accessing the original.

Class Co Class Colloborators
Client * Proxy AbstractOrigtned -
Responsibilities Responisibilities
* Uses the Interface * Serves as an
provided by the abstract base class
proxy to request a for the praxy and
partcular service. the ariginal,
* Fulfllls tts own
task.
Class Collaborator Class Collaborators
Proxy ; * Original Original -
Responsibilities Responsibilities
* Provides the * lmplements a
interface of the .
ao:m - particular service
*+ Ensures a safe,
efficient and correct
access to the

Remote Proxy. Clients of remote components should be shielded from network addresses
and inter-process communication protocols.

Protection Proxy. Components must be protected from unauthorized access. Cache Proxy
Multiple local clients can share results from remote components. Synchronization Pr'or.v.
Multiple simultaneous accesses to a component must be synchronized. ®:
Counting Proxy. Accidental deletion of components must be prevented or usage statistics

(]




5.a)

5.b)

collected.

Virtual Proxy. Processing or loading a component is costly, while partial information about
the component may be sufficient.
Firewall Proxy. Local clients should be protected from the outside world.

While working on its task the client asks the proxy to carry out a service. r The proxy
reccives the incoming service request and pre-processes it. This pre-processing involves
actions such as looking up the address of the original, or checking a local cache to see if the
requésted information is already available. If the proxy has to consult the original to fulfill
the request, it forwards the request to the original using the proper communication protocols
and security measures. The original accepts the request and fulfills it. It sends the response
back to the proxy. The proxy receives the response. Before or after transferring it to the
client it may carry out additional post-processing actions such as caching the result, calling
the destructor of the original or releasing a lock on a resource.

Client Proxy Original
——
service
e
: pre-processing
)
scivice
- > ]
: posi-procesaing
)
iy

Divide your system into a component called blackboard, a collection of knowledge sources,
and a control component.

Class Collaborators Class Collaborator
Blackboard - Knowicdge Source | * Blackboard
Responsibitity Responsibility
* Manages central + Evaluates Its own
data applicability
* Computes a result
* Updates Black-
baard
Class Collaborators
Control * Olackboard
Respansibility ' 50“:,“' ®
* Manitors Black-
board
* Schedules Know-
ledge Source actl-
va




6. a)

6.b)

The main loop of the Control component is started. -
Control calls the nextsource () procedure to select the next knowledge source. operaies b

nextsource () first determines which knowledge sources are potential contributors by
observing the blackboard. In this example we assume the candidate Imowledge sources are
Scgmentation. Syllable Creation and Word Crealion. nextsource0 invokes the condition-part
of each candidate knowledge source. In the example, the condition-parts of Segmentation.
Syllable Creation and Word Creation inspect the blackboard to determine if and how they
can contribute to the current state of the solution. Knowledge Source The Control
component chooses a Imowledge source to invoke, and o hypothesis or a set of hypotheses to
be worked on.

Control Segmaentation Byllabls Word Dlackboard
Creatica Creation
napert
m_
= i & et :
-
m_
- _I trspert
| 4 .
eurcConrdilon
gt
D-I-] .
— —
F_E m__
- taspect
et
i

Consequences:

Experimentation

Support for changeability and maintainability.
Reusable knowledge sources

Support for fault 1olerance and robustness.
Liabilities

DifTiculty of testing

No good solution is guaranteed

Difficulty of establishing a good control strategy.
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