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Data-Centered Systems — Overview

> Data-centered systems are systems
primarily decomposed around a main
central repository of data. These
include:

* Data management component: the
data management component
controls, provides, and manages
access to the system’s data.

* Worker components: worker
components execute operations and
perform work based on the data.
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Data-Centered Systems — Overview

> Communication in data-centered
systems is characterized by a one-to-
one bidirectional communication
between a worker component and
the data management component.

> Worker components do not interact

Worker 1

with each other directly; all
communication goes through the
data management component.

s TWOWAY .
© communication

Data Manager

»
\
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Worker 2

N

Data repositowd
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Data-Centered Systems — Overview
> Because of the architecture

of these systems, they must Woert e 1. Comnuunieation Protocol
""" 2. Sturlgy

consider issues with:
1, Communication Protocol

* Data integrity sy
—Extra: Integrity means that

data is complete, accurate, an Dt Mg

consistent across various A \ ,
1. Transactions and Recoverg Lo Dot lwtegntg

databases, systems, or during 2 UMY

Extra: KBRS S U VEUKS iRV Wdys:
*As a o d Style) — all apps use one central shared database.
*As part of a Cllent Server system (Distributed Style) — clients send SQL queries + server processes them+

pafceImunication protocols
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Blackboard Architectural Pattern

> Blackboard decomposes systems
into components that work around a
central data component to provide
solutions to complex problems.

* These components work independently,
from each other to provide partial
solutions to problems using an
opportunistic problem-solving
approach.

¢ That is, there are no predetermined, or
correct, sequences of operations for
reaching the problem’s solution.

Worker
Component

—

Worker
Component

—

Worker
Component

=

Data Management
Component

M

}

A,

Blackboard
(Data Storage)
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Blackboard Architectural Pattern

> The Blackboard architectural pattern resembles the approach a group of scientists would employ to solve a complex
problem.

Consider a group of scientists at one location using a blackboard (chalkboard, whiteboard, or electronic blackboard) to solve a
complex problem.

Assume that to manage the problem-solving process, a mediator controls access to the blackboard.

Once the mediator (or controller) assigns control to the blackboard, a scientist evaluates the current state of the problem and if
possible, advances its solution before releasing control of the blackboard.

With new knowledge obtained from the previous solution attempt, control is assigned to the next scientist who can further improve
the problems’ state.

This process continues until no more progress can be made, at which point the blackboard system reaches a solution.
Extra note:

— There is no strict order in which team members must contribute. They jump in as needed, making decisions on
the spot about the best way to add to the solution based on the current information available.

> This behavior is famous in expert systems; therefore, the Blackboard architectural pattern is a good choice for
depicting the logical architecture of expert systems.

— Extra Note:

— An expert system is a type of Al that uses knowledge and inference rules to solve complex problems typically handled by human
exnerts. It mimics human decision-makine to nrovide solutions in fields like medicine. finance. and customer service.



> Extra explanation for the previous slide:

> The blackboard architecture is like a group project where each person works on their
part independently but uses a shared whiteboard to write down their ideas and see
others' contributions. This way, everyone can add, modify, or build upon the
information on the whiteboard at any time, moving the project forward based on what
is currently known or needed.

Blackboard: A central hub like a communal whiteboard where all information is displayed and
updated, allowing everyone involved to see and contribute.

Agents: Independent contributors, each with unique skills, who interact with the blackboard to
add their expertise and update information as needed.

Controller: The organizer who manages how and when the agents access the blackboard,
ensuring the project progresses smoothly and efficiently.
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Extra: Real-World Example: Emergency Room (ER)

Imagine an emergency room in a hospital as a
blackboard system:

*Blackboard:
The patient's chart, visible and accessible by all medical
staff, where information about the patient’s condition and
treatment is continuously updated.
*Agents:
Various medical professionals (doctors, nurses,
specialists) who view the patient's chart (blackboard) and
contribute based on their expertise.
*For instance, a nurse might update vital signs, a
doctor orders blood tests or some medication, and a
specialist provides their opinion on a complex
condition.
«Controller:
it will manage when and which agents have access to the
blackboard (or patient chart) and may prioritize or

schedule their contributions based on the patient's
Changing condition and the ||pd9’rp~: on the chart




Blackboard Architectural Pattern
Extra Explanation:

Blackboard: The central data repository Agents cannot ,
where all the current information is displayed access blackbqard The actual blackboard. In this
and accessible. until accessis .-~ example, this isthe/data repository

Agents: There are multiple agents (Agent 1, igan:trzﬂ:ry g
Agent 2, Agent 3, and Agent 4), each waiting s
for their turn to access the blackboard. Each S
agent brings unique expertise and contributions Agent 4 waits for his turn
to solve parts of a larger problem. ’,' A

Controller: Manages access to the i A
blackboard. The controller decides which agent
should access the blackboard at any given ‘\
time, ensuring an orderly and productive '
problem-solving process.

Process: \ ) .
Agent 1 is currently accessing the Agent 3 waitsfor his tur
blackboard and making contributions or AN \‘
updates based on the existing information. Access to the blackboard has
Other agents (Agent 2, Agent 3, Agent 4) been granted to Agent 1
are waiting for their turn to access the Ty \
blackboard as controlled by the controller.

. Controller

/
I

g

|

|

(\"‘\
Agent 1 :
k\

3
| A

Agent 2 waits for his turn Agent 1 advances the solution!
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Blackboard Architectural Pattern

Agentn

Controller
| |
Y Y
Agent 1 Agent 2
I
Y YV Y%
» Blackboard

Used in speech recognition, image recognition,
security system, and business resource
management systems
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Blackboard Architectural Pattern
Extra

1. Blackboard
A shared knowledge base.
Everyone (Controller + Agents) reads/writes here.
Think of it like a “big whiteboard in the room” where all info is posted.

2. Agents
Specialized problem solvers (e.g., StudentHistory, WorkSchedule, CourseOfferings).
They watch the Blackboard to see if they can contribute.

3. Controller
Coordinates when and which agent should act.
Decides the order of problem-solving.

Why Blackboard Has Provider Interfaces?

*Blackboard is the central hub.

*Both Controller and Agents need to access shared data.

*That's why Blackboard provides interfaces — so anyone can read/write/update info.

If Blackboard didn’t provide this:

*Agents would need to talk directly to the Controller for data, which breaks the Blackboard idea

(central knowledge store).

*The Controller would become too “heavy,” holding all data instead of just managing flow.

Why Controller Doesn’t Provide Interfaces to Agents?
*The Controller’s job is not to store data — its job is to orchestrate.
*Agents don’t ask the Controller for data.
«Instead, the Controller just tells:
“Hey Agent, now check the Blackboard.”
*Then the Agent goes to Blackboard (through its interface) and does its work.

Why Agents Provide Interfaces to Controller?

The Controller needs to invoke Agents when it decides they should act. For this, Agents
expose a provider interface (like “services” they can perform). Example: The Controller
says: “CourseOfferings Agent, run your algorithm on the Blackboard. ” It can only do this
if the Agent provides an interface (like run(), update(), etc.).

(component diagram)

0 0

[5chedule ‘ I5tudentHistory

ScheduleManager

<<component» {]

E g

3

| TWorkSchedule ‘ ICourseOfferings

<<companent>» $]
StudentHistory

<<companent s> $:|
WorkSchedule

<<component £]

CourseDfferings

| [5chedule

| I5chedule

<<companent s>
ScheduleBlackboard

Consider a Students’ Scheduling System where the students need to enroll in courses and create a schedule based on the
history of previous completed courses, his/her working schedule, and the courses offered by the university.




Extra: Continue

* Who does what (one line each
( ) Step-by-step flow (typical cycle)

2 Blackbf)ard. shared data store; exposes an APT to 1. Controller decides “Agent A should run now.” — calls
read/write/update facts. AgentA.run().
o Agents: specialized solvers; when invoked, they use the 2. Agent A reads what it needs from the Blackboard.
Blackboard API to read inputs and write results. 3. " ABgIenL C cor:;putes and writes new/updated knowledge to
] e Blackboard.
N Contll'oller (S’cheduler). SRR ARl 4. Controller checks the Blackboard (or gets notified), then
runs; it doesn’t pass data around. picks the next Agent.
* Why those interfaces in the component diagram? General guideline
+ Blackboard — provided interface (lollipop): “Here’s my 0 Control flow: Controller — Agents (invocat.ion).
: ® o Data flow: Agents < Blackboard (read/write).
data API (read/write/update). A : . .
e . gents do not talk to each other directly; they communicate
— Agents & Controller have required interfaces to the Blackboard indirectly via the Blackboard.
because they need that APL. So: your “agents can’t access the blackboard” interpretation is the only
* Agents — provided interface: “Here’s my service (e.g., incorrect piece—agents should access it, but only through the
run(), update()).” Blackboard’s interface, and only when the Controller schedules them.

— Controller has a required interface to each Agent so it can trigger
them.

* Controller generally does not provide data services to
Agents; it just invokes them.
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Blackboard Architectural Patter=

Client ScheduleManager StudentHistory CourseOfferings WorkSchedule | ScheduleBlackboard.
> EXtra: | s ?l tschi= generjtéSchedule() : ?
; 2 : nextScheduler() :
. 5 Sess i i
> Client: Student portal Ul — clicks “Generate o []T—l i T
Schedule”. '

> ScheduleManager: Controls the process — decides
which scheduler runs next. ese |
> StudentHistory: Student record — passed courses, b

o~

prerequisites, restrictions.
- Schedle [7]”

> CourseOfferings: Course data — available

. . . 2eSS
sections, times, 1nstructors. :

[
Lt T

> WorkSchedule: Scheduling modules — each one s

improves the schedule (check eligibility, remove ==

conflicts, optimize preferences).

> ScheduleBlackboard: Shared workspace — stores

3. workOnScheduJe(f)

Lt 4:schi= getSche'duIe()F

2 <<return>> 5: setSchedule(sd‘li)

7 : nextScheduler()

8: workOnScheduIL()

9 sch = getSchédule()

12: nextScheduIer():

13 : workOnSchedule()

11 <<retun>> ! 10 : setSchedule(seh) U
1< »

L 14 :schi= getS(he:dule()

16 <<return> .
R Lt D R o

17 : sch := getSchedule()

1S setScheduIeigd'\)

119 coretirnss

the current draft schedule using getSchedule() /

_18 <<return>>

|
I

+Qahaditel
setocncaure().
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Extra Explanation:

Client

ScheduleManager

StudentHistory

CourseOfferings WorkSchedule ScheduleBlackboard

How Your Schedule is Built: Step-by-Step

1-The Client asks the ScheduleManager to create a schedule by
calling generateSchedule().

2-The ScheduleManager (the controller) gets the next agent (nextScheduler()) to
coordinate with three specialist agents, who all use the
shared ScheduleBlackboard to build the schedule.

Phase 1: StudentHistory Agent Works
3- ScheduleManager calls workOnScheduler() on the StudentHistory Agent.

4- StudentHistory Agent reads the current schedule data from

the ScheduleBlackboard using getScheduled(). It modifies the schedule based on the

student's past courses and degree requirements.

5- It saves this updated version back to
the ScheduleBlackboard using setScheduled(sch).

6- It returns control to the ScheduleManager.

119 cormhirn>>

El :schi= generatéScheduIe()

3 workOnScheduJe(b

2 : nextScheduler() E

4:sch:= getSche'dule()V’—

7 : nextScheduler()

5: setScheduIe(scf;)

i
i
'

11 <<return>>

12: nextScheduIer():

8 : workonSchedule()

o 9:schi= getSchédule()

10 : setSchedule(sch) v

>

13 : workOnSchedule()

16 <<return>>
[ s JBmcoosossssceced Yeconceonnsoas

17 : sch := getSchedule()

.

_18 <<return>>

15



Phase 2: CourseOfferings Agent Works

7-ScheduleManager gets the next agent (nextScheduler())

8-and calls workOnScheduler() on the CourseOfferings Agent.

9-CourseOfferings Agent reads the current schedule from

the ScheduleBlackboard using getScheduled(). It modifies the schedule, checking

which proposed courses are actually available this semester.

10-It saves this realistic version back to
the ScheduleBlackboard using setScheduled(sdn).

11-It returns control to the ScheduleManager.

Client ScheduleManager StudentHistory CourseOfferings WorkSchedule ScheduleBlackboard
;l rschi= generatéSchedule() : : : é
: 2: nextScheduIer() : é
T .
3 workOnScheduIeO : ot e ;
L 4 : sch 1= getSchedule()¥ H -
';";;;;;;,;;‘;" o ety | L

3
12: nextScheduler()

13 workOnSched\.leO

9:schi= getSch%duIe()

10 : setSchedule(sch) v

16 <<retun>>

17 : sch:= getSchedLle()

119 coretirnss |

_18 <<return>>
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Phase 3: WorkSchedule Agent Works
12-ScheduleManager gets the next agent (nextScheduler())
13- calls workOnScheduler() on the WorkSchedule Agent.

14-WorkSchedule Agent reads the current schedule from

the ScheduleBlackboard using getScheduled().It modifies the schedule to avoid

conflicts with the student's work commitments.

15-1t saves this final, conflict-free version back to
the ScheduleBlackboard using setScheduled(sdn).

16-It returns control to the ScheduleManager.

Phase 4: Schedule is Delivered

17-ScheduleManager retrieves the completed schedule from

the ScheduleBlackboard one final time using getScheduled().

18 -The finalized schedule is delivered back from ScheduleBlackboard to

the ScheduleManager.

19 -The finalized schedule is delivered back to the Client.

3 workOnSchedlile('D

4:sch = getSche.duIe()V" H H

7: naxtScheduIarg)

8 : workonschedule()

5: se(ScheduIelscra)

3
12 : nextScheduler{;

~deh A

9 schi= getSchéduIe()

10 : setSchedule(sch) v

:
16 <<return>>

17 : sch:= getSche:d\.le()

L L Rt s

Client ScheduleManager StudentHistory CourseOfferings WorkSchedule ScheduleBlackboard
El :sch = generatéSchedule() E E E
R . . . '
2 : nextScheduler() : :

D R | SN : TV

18 <<retun>>
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Blackboard Architectural Pattern

Extra:

Quality

Description

Modifiability

Agents are compartmentalized and independent from each other; therefore,

itis easv to add or remove agents to fit new svstems.

Reusability

Specialized components can be reused easily in other applications.

Maintainabilitv

Allows for separation of concems and independence of the knowledge
based agents; therefore, maintaining existing components becomes easier.

Modifiability: Easy to add a new SportsSchedule agent without changing others.

Reusability: The StudentHistory agent can be used in a different system, like a
graduation checker.

Maintainability: A bug in the CourseOfferings agent can be fixed without touching
the WorkSchedule agent.




Extra: the difference between the Deployment Diagram and Component Diagram

Aspect

Purpose

Focus

Example

Deployment Diagram

Shows physical deployment

of artifacts (software,
libraries, etc.) on hardware
(servers, computers,
devices).

Hardware, runtime nodes,
physical distribution, and
communication links.

Web app: how web server,
app server, and DB server
are configured, connected,
and accessed.

Component Diagram

Shows organization and
dependencies among
software components.

Software components, their
relationships, interfaces,
and dependencies.

Web app: user
authentication library, data
access objects, business
logic processors, and how
they interact.

20



Blackboard Architectural Pattern - Exercise Extra

> Building a software system for speech
recognition

> Input is speech recorded in waveform in
single words as well as whole sentences

> QOutput is a text of English phrases printed
on the screen

Word
creation

> Use th({ Phrase

Segmentation “asa
gui de creation

Controller
Use the bl e

componel r the
p Phrasel...Phrase2... Blackboard

system ba t.

S1...S2...83...54...55...56...57...S8...S9...

DVAEOE .
JYEOE[THZE
opLanpslz | oc e
©-DI, Vo ElE| e R NDY 2o Ly g B L0V R TEA TR JE
D151z Uvagzal -0 GIUIDUlieUE
SN Roya 0y AeE 0D, yaneEsy v Bpy e REnUEnIUAITAE
Al T e T
Byl LVAIEIDETIELnUPOE
eali0yE AN NN A N
ol ORIy Ao nUpUERE TOURDY 0B 28 A, EEpnE
Byl DUiLLEEIREIPEG L iIZEITIRENUUY2:2E0eUilY,0E
2
o eo |OUpEREYRUBER AURENUEZY 52 sV AEIDY A EIDE28Y5E
el 7J1:)2ni0pE
7 dityZniop (a4 YA Ry AL ey Ry AT By U e

A AFHEDAL BN BHEGAFE

Speech Recognition System

— MAANAAN
AR

2]




Extra:Continue of Example

> Input Text: > Step 3: Phrase Creation Agent
"Artificial intelligence is

transforming education. Students = GI’OUp.S words into grammatically and
can now learn with personalized ~ semantically correct phrases:
tutors. Tleachers use Al to design

. > Sentence 1:
better lessons.
» Noun Phrase(NP): Artificial intelligence
> Step 1: Segmentation Agent « Verb Phrase(VP): is transforming
. Sphts 1nto sentences: * Noun Phrase(NP): NP: education
* "Artificial intelligence is > Final Structured Output

transforming education." N . .
> Sentence: "Artificial intelligence is

" /
 "Students can now learn with transforming education."

personalized tutors."”

Dr. Banda Ramadan | Prince Sultan University | Slides prepared from "S?ftware Engineering Design: Theol Se
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Extra: Solution — Simple Component diagram without Interfaces

B ) . A3 A0~ ATTEL/HEOE Blackboard System\
onL.inllzlz nive Nig ’ B 1))
¢r®/ L
’ w thseCreationAgents:l‘ \ Word CreationAgentsj‘ ‘ Segmentation A\gentEI
C =y I C=E= nE'E STEUYE7 RZniUpEeUnGEpY A E - sowrtes s -
Oz Ovalg a2 OG0B Uiced UvDLYazizEn] n
]
AAAAAAAAA o N T T R s S o ey =B ’ Controller ‘
W/Z'ZE“E 7TEJURLNCOpUR U, EOYADL Y40 - Z‘TFEWZLEJ“Z” UpEAUnGER/LE 7nzeé
D1e|z : g LnUpE!UYsizEn] ontros
GUOVEINAHTE || oo o oo || VATTEOVOE7NUpECOGEDAE | I
D1s|z TEPUREULYUEAU.E U aeUil-E0vsiEn) e ‘—‘
S b a0y OED 4 ESE YO TEUVLUEDYURUEZJiZniOpE ||
InUndU2U J Nl T 7nzé
LnUjLLipL rGEpA BN :
s o N as B} A G A B A ARGy A _J
7J71)Zni0p ©elUVApEPIAEL Y2LnUR . 0 i FEE dIcHIA)
Note

«If the controller is active (offering explicit services like scheduling, prioritizing, or enforcing policies), then give it a provided interface
«If the controller is passive/hidden (just internally managing communication between agents and the blackboard), then no provided

interface.
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Extra: Solution —Sequence diagram

[ Phrase Creation Agent ] I Word Creation Agent J I Segmentation Agent

Controller Blacaard :
| Initialize() o
% InitializationComplete() ' Using a dashed line for feedback ’| | :
RequestSegmentation() ' i

>

. ReturnSegmentationData()

| UpdateSegments()

ns
|
|
T
|
|
T
|
!

. SegmentsUpdated() ' Feedback indicating update completion | |

~

| RequestWordCreation()

\

L}
'_ ReturnWordData() .

| UpdateWords()

; WordsUpdated() 'Feedback indicating update completion |_|

| RequestPhraseCreation() '

Dr.E

:< ReturnPhraseData() : ’I I
| UpdatePhrases() - | :
14 PhrasesUpdated() ' Feedback indicating update completion 'u ‘
| CheckCompletion() > : ' i
E( CompletionStatus() | | 1
Finalize() ‘ !

T
|
Ny
>
|
|
]

. FinalizationComplete() ' Feedback after finalization

Cont(rgller Blacil_)gard Phrase Creation Agent | | Word Creation Agent | | Segmentation Agent



Data Flow Systems

Data flow systems are decomposed around
the central theme of transporting data (or
data streams) and transforming the data

along the way to meet application-specific
requirements.

Typical responsibilities found in

components of data-flow systems include:
Worker components, those that perform
work on data

Transport components, those that
transporting data

Dr. Banda Ramadan | Prince Sultan University | Slides prepared from "Software Engineering Design: Theory and Practice" book and slides
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Data Flow Systems

Worker components abstract data
transformations and processing that need to
take place before forwarding data streams in
the system, e.g.,

Encryption and decryption

Compression and decompression

Changing data format, e.g. ,from binary to

XML, from raw data to information, etc.

Enhancing, modifying, storing, etc. of the data

Transport components abstract the management
and control of the data transport mechanisms.

An example of an architectural pattern
for data flow systems is the
“Pipes-and-Filters” pattern

Dr. Banda Ramadan | Prince Sultan University | Slides prepared from "Software Engineering Design: Theory and Practice" book and slides
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Pipes-and-Filters Architectural Pattern

Extra:
Data Source — Produces the input data.
Pipes — Carry data from one step to another.
Filters — Process the data (transform, clean, analyze,
etc.) before passing it on.
Data Sink — Final destination where processed data
is stored or used.
Processing Flow — Data moves step by step
through filters until it reaches the sink.
Important Note — The boxes and arrows are only
abstractions; in real systems, pipes and filters are
more complex than shown.

Pipes used to move the data!

.| Data Source
A

/
|

Data source broduces the data

Filters work on the datal

Not an UML diagram!
; Pipes d
: ! | Data s moved and processed
1 3 2 | along the way until it reaches
N :_ f L its destination, the Data Sk,
sl et s 3 s | Ddask |
o flrt Important;

The abstractions used in the bo-and-
line diagram ahove for Pipes can be
deceiving, since they really do not
convey the real dentity of these
mechanisms!
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Pipes-and-Filters Architectural Pattern

> Pipes-and-Filters is composed of the following components:
 Data source - produces the data

» Filter - processes, enhances, modifies, etc. the data

* Pipes - Provide connections between data source and filter, filter to filter,
and filter to data sink.

» Data Sink - data consumer
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Pipes-and-Filters Architectural Pattern — Examplel

* A common example for the Pipes-and-Filters pattern: the architecture
of a Language Processor system (e.g., compiler, interpreter)

*  The example is illustrated in the next slide

Dr. Banda Ramadan | Prince Sultan University | Slides prepared from "Software Engineering Design: Theory and Practice" book and slides
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Extra:
Components:

.1. Lexical Analyzer: Pip es-and-Filters

Function: Breaks down the source code into meaningful elements called tokens.

. Example: In the code snippet int x = 5;, the lexical analyzer identifies int, x, =, 5, and ; as tokens. o
2. arser Architectural Pattern —
. Function: Takes tokens and forms a parse tree which represents the grammatical structure of the
Examplel
. Example: From int x = 5;, it creates a tree where int x forms a declaration node and = 5 forms an

initialization node.
3. Code Generator:
*Function: The code generator translates the parse tree (which organizes elements of code into a

structural hierarchy) into machine code or an intermediate representation. Important: ‘ T
*Example: After parsing int x = 5;, the code generator would create assembly or bytecode Nota UML Diagram! ) ‘ ) )
instructions that allocate memory for an integer variable x and then store the value 5 in that 4 4 / /
memory location. In machine code, this could be represented as two instructions: ‘,{ Leical Analyzer 4,{ Parser ‘,{ CodeGenerator |~ Optimizer
«One to allocate memory for x.
«Another to move the number 5 into the memory allocated for x. » //’ '\Y *‘ "
Lexicalanalyzer ./ Parser produces _/
4. Optimizer: produces tokens parsetrees " Generates code, e.g, Optimizes code
*Function: Makes the code run faster and use fewer resources. \ /" machine anguage
Example: For the code int x = 5;, the optimizer might simplify memory operations so more efficient ’,"' Reused -, ‘\
instruction that does both at once, reducing the overall steps the machine must perform. /\/\/\/\ ‘O:i component \k.‘.
instead of: It would be cool tobuild | \\ ‘\\
Step 1: Reserve memory for x \/ f;:":z;:;e::;""knb‘f” \ \ N
Step 2: Move the number 5 into that memory ? components that we “ﬁ/’ | \ 9
It might combine them into: N dreadyhael ) 7 ! T i ‘ j
One machine instruction that says: “create space for x and put 5 there right away.” A/

e — ¥

/ 7 y 7
V)
5. Interpreter: 0 Lexical Analyzer Parser Optimizer Interpreter
0
r a »
\

*Function: If the system uses an interpreter instead of (or in addition to) a compiler, the interpreter N

directly executes the code from a high-level or intermediate form without transforming it into . \ Parser produces \‘ % J
maching coda. Lexical analyzer .- pare trees L
«Example: In the case of int x = 5;, an interpreter would directly execute these instructions at produces tokens .Otptlmlztesd Run the
runtimer lfn erprfet: program
ormortne 30
«Allocate memory for x. program

«Set that memory to 5.



Pipes-and-Filters Architectural
1.Lexical Analyzer (1:call()) Pattern ~N Examplel

*Function: The Lexical Analyzer processes the initial input data. lmportant:
*Operation: It performs the 1:call() function which likely involves A UML Diagram!
analyzing the input data to identify tokens.

Extra explanation:

Filters _

2. Parser (2:process() , 3:Call()) v
*Function: The Parser takes tokens from the Lexical Analyzer.
*Operation:

*The 2:process() function parses these tokens to construct a parse
tree or some form of syntactic representation of the input data.
3:call() — Passes the parse tree or parsed structure to the Code
Generator.

v v v
Lexical Code
Analyzer Parses Generator

Optimizer

1: call
cal0 2 : process()

3. Code Generator ( 4:process(), 5:call())

*Function: The Code Generator takes the output from the Parser.

*Operations: In this example, the
*4:process(): Translates the parse tree into intermediate code Pi.pcs are SimpLU
or directly into machine code. ﬁm.cti.ow calls!
«5:call(): Might finalize the code generation process,
performing any final adjustments or optimizations on the
code itself before it's passed to the Optimizer.

T
Il
i
i
il
il
il
il
i
i
i
'
Il
'
'
'
il
'

4 : process()

5:cal(

6 : process()

4. Optimizer (6:process())
*Function: The Optimizer enhances the efficiency of the code
produced by the Code Generator.
*Operation: The 6:process() function optimizes the code to improve
performance, reduce memory usage, or streamline execution paths.
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Pipes-and-Filters Architectural Pattern — Example2

. Consider software that houses algorithms for automatically determining the identity
of an individual:

. The software access videos (with audio) from YouTube

. The software detects faces of individuals in the video (Face detection is used to
determine if a face is in the video)

. The software recognizes faces from the video (Face recognition is used to determine the
identity of the person from the detected face).

. Based on detection and recognition, the software predicts the identity of individuals in
the video

. Using the pipes and filters architecture, the logical structure of the system can be

modeled as shown in the next slide
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Pipes-and-Filters Architectural Pattern — Example2

*Extra Explanation:

Important:
+Big Video File: A large video file serves as the input source. Consider what would happen
*YouTube Manager: This component processes the video file if a better aIgorithm for
to prepare it for further analysis. ‘e e )
*Face Detection: This stage identifies and isolates faces Bigvideo file! Tr::]nsform(-'.td data containing onlythe | recagiton isdiscovered’
within the video data. It transforms the video data into specific information from detected faces!
information related only to the detected faces. N N Transformed data containing only the
*Face Recognition: This process analyzes the detected faces ¥ \‘, results from the recognition process,
to identify individuals by matching features with known faces. #II e.g, areport of identity!
*ldentity Manager: Produces a final output based on the face
recognition results, such as identity reports, which could be N
used for verification or security purposes. ¥

| I— | I 7
Youtube Manager > Face Detection > Face Recognition > Identity Manager >

Wanted! |
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Pipes-and-Filters Architectural Pattern — Example2

. In the previous example, the box-and-line diagram was useful for
visualizing the components in the system, however, it conveyed nothing

about how data is transported from one Filter to the next, (i.e., the
Pipes).

. Consider the following UML component for the same system to

understand how the data is transported between the different filters
(components) in the system
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Pipes-and-Filters Architectural Pattern — Example2

*Extra:
*The system uses .NET's FileSystemWatcher : to monitor

directories for new video files, triggering the data processing
pipeline when new files are detected.

*Processing Pipeline: Consists of several components:

*Video Manager: Handles initial video file

management.

*Face Detection: Detects faces in the videos.
*Face Recognition: Identifies the detected faces.
*ldentity Manager: Manages identity data from
recognized faces.

I this system, data is moved through
the File System using a mechanism
that relies on monitoring of new files!

IFileSy?/em Pipe

This component may reuse existing
mechanisms to facilitate data movement,

.- forexample, the ,NET FileSystemWatcher.

<<cormponent>>
FileSystemManager

gl

. This interface encapsulates

IﬁIeSr\{emPipe

(" the FileSystemWatcher and
", provides other services for
O ?) y creating, deleting, reading

TFileSystemPipe TFileystemPipe  and writing files.

<<component>> {]

VideoManager

<<component>> $:|
FaceDetection

<<component>> {]

<<component>>
$:| IdentityManager

FaceRecognition

Warning:

This is not the typical example that you
would find for Pipes-and-Filters. However,
it displays the inherent flexibility present
when employing architectural patterns.

!

These componenis require monitoring of directories from the File
System Manager. When a new file is detected, the File System
Manger fires an event, indicating that a new file has been
received, which triggers some processing by the Filter
components,
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Pipes-and-Filters

Arch

Extra Explanation:
P Exar

1. VideoManager
sput (file) — Puts new video file into the system.

2. FaceDetection

eregister () — Registers with FileSystemManager.
process () — Processes video data for face features.
*put (file) — Passes processed file to next stage.

3. FaceRecognition

eregister () — Registers with FileSystemManager.
*process () — ldentifies and recognizes faces.

sput (file) — Passes recognized face data forward.

4. IdentityManager

register () — Registers with FileSystemManager
*process () — Determines identity of individuals from recognition
data.

5. FileSystemManager it works like a central coordinator
*onFileDetected (file) — Detects new/processed files and
triggers notifications.

: VideoManager

: FaceDetection .

Register with the file system manager

Youtube video file found!

Transport the file to the next -~
component via the file system. !
'

Do work using the data from
the file, save the results on the
file system so that the process
can repeat again with the next

component / filter.

\
|

4: put(fie)

\ 1iregister()

'
-
La

|

\ 2 reglstger() o
' : 'U
: o 3uregster) T

'
' ' !

¢ 5: onFieDetected(fle)

i 6: process0§ ; i
> : 7: put(fe) N

D 8. oFieDetctedfi)

E:‘B:processo ; é
D toiputfle)

! o
: 11 orFileDetected(fe}

: : 12: process() |
z d« ----- T

This triggers and
event!

" Notify anyone

registered for
monitoring of
this directory

Identity
determined!
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Pipes-and-Filters

Architectural Patter
EXita > Quality properties of the Pipes-and-
Extensibility — Easy to add new filters (e.g., Filters architectural pattern include the
spam filter). ones specified below.
Efficiency — Filters can run in parallel for
faster processing.
Reusability — Filters can be reused across Quality Description
systems. Extensibility | Processing filters can be added easily formore capabilities.
Modifiability — Easy to add/remove/modify Bfficency |17 uaening dltesin peald, coagmency caa be ackicved ioroiice
. 7| latencyin the system.
filters. Reusability By compartmentalizing pipes and filters, they can both be reused as-is in
Security — Security filters can be integrated " | othersystems.
h Modifiabilit Filters are compartmentalized and independent from each other; therefore,
anywnere. O | it is easy to add or remove filters to enhance the system.
Ma|nta|nab|||ty — |ndependent filters make Security At any point during data-flow, security components can be injected to the
. ’ work-flow to provide different types of security mechanisms to the data.
u pd ates sim ple Maintainabilitv Allows for separation of concems and independence of the Filters and

Pipes; therefore, maintaining existing components becomes easier.
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Distributed Systems

> Distributed systems are decomposed into multiple processes that (typically)
collaborate through the network.

* In some distributed systems, one or more distributed processes perform work on behalf of
client users and provide a bridge to some server computer, typically located remotely and
performing work delegated to it by the client part of the system. (client-server)

* Other distributed systems may be composed of peer nodes, each with similar capabilities and
collaborating together to provide enhanced services, such as music-sharing distributed
applications. (peer-to-peer)

N —- b ]
/ N\ A4
\ / AN
-, —-. - =

Peer-to-peer client-server

Dr. Banda Ramadan | Prince Sultan University | Slides prepared from "Software Engineering Design: Theory and Practice" book and slides 38



Distributed Systems

> The previous types of distributed systems are easy to
spot, since their deployment architecture entails
multiple physical nodes.

> However, with the advent of multi-core processors,
distributed architectures are also relevant to software
that executes on a single node with multiprocessor
capability.

Extra:

Distribution can be across many computers or across

~

J

CPU Core
and
L1 Caches

CPU Core
and
L1 Caches

Bus Interface

and
L2 Caches

Front side
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Distributed Systems

Some examples of distributed systems include:
Internet systems
Web services
File-or music-sharing systems
High-performance systems, etc.

Common architectural patterns for distributed systems include:
Client-Server Pattern

Extra:

Clieﬁzgla(r%ll.) q’ggwstem has two roles. Clients request services, and a central server (or
servers) provides them. Example: a web browser (client) requesting pages from a web
server.

Peer-to-Peer (P2P): All nodes act as both clients and servers. They share resources and
collaborate without relying on a single central server. Example: music/file-sharing apps like
BitTorrent.
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Server: a QJBQQS&%% c¥ Q&\E&E&E%gg}des functionality for other programs or devices, called "clients".

Client: is a piece of computer hardware or software that accesses a service made available by a “server”. (Note that
multiple clients will communicate with the server. These clients are independent and do not communicate with each other)

Extra:
1. Bottom part (UML Deployment Diagram):
A deployment diagram shows how software components
(artifacts) are deployed on hardware nodes.
PC Node runs pc_browser.exe (client application).
Mobile Phone Node runs mp_browser.exe (mobile client
app).
Server Node runs web_server.exe (server app) and
pc_browser.exe (server-side browser process).
2. Communication:
Clients (PC or Mobile) communicate with the server through
HTTP.
The server responds back with processed data.

Summary:

This figure shows a client—server system: PC and mobile clients send
requests via HTTP to a web server. The UML deployment diagram maps
artifacts (programs) like browser.exe and web_server.exe onto
nodes (PC, mobile, server), making it clear where software runs and
how they communicate.

Box-and-Line Diagram

<<Request>>
Client Server
<<Response>>
UML Deployment Diagram
PC Node
<<HTTP=>>
<<artifact > D Server Node
pc_browser.exe DR EEEEERE
' <<artifact s>
' | pc_browser.exe
Mobile Phone Node : ;
<<HTTP>» i W
<<artifact=> < <artifact >
mp_browser.exe D I R PR | web_server.exe
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Client-Server Pattern

> Quality properties of the client-Server architectural pattern include the ones specified
below.

Quality Description
... | Allows clients on different platforms to interoperate with servers of
Interoperability | .
different platforms.
Modifiability Allows for centralized changes in the server and quick distribution among
many clients.
Availability By separating server data, multiple server nodes can be connected as
© | backup to increase the server data or services™ availability.
. By separating server from clients, services or data provided by the server
Reusability D .
can be reused in different applications.
*Extra:

*Interoperability — Clients on different platforms can work with servers on different platforms.

*Modifiability — Server changes are centralized and easily distributed to many clients.
*Availability — Backup server nodes increase service and data availability.
*Reusability — Server services/data can be reused in different applications.

Dr. Banda Ramadan | Prince Sultan University | Slides prepared from "Software Engineering Design: Theory and Practice" book and slides

42



Client-Server Pattern
> Although Client-Server Pattern supports the quality attributed

described in the previous slide it has the following problems:

. Clients are tightly coupled with servers.

. This leads to complexity for systems that need to provide services from

multiple servers hosted at different locations.

. Extra:

— Client tightly depends(tightly coupled ) on a specific server.
— Must know server’s exact [IP/URL/protocol.
— Server changes — client code updates required.

— Increases complexity with multiple servers.

. To overcome this issue the Broker pattern was introduced.
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Broker Pattern

> The Broker architectural pattern provides mechanisms for achieving better flexibility between clients and servers in a
distributed environment by acting as an mediator between the two components.

> The Broker pattern decreases coupling between client and servers by mediating between them so that one client can

transparently access the services of multiple servers

Extra: Client-Server versus Broker

Client-Server
Direct communication between client and server.
Client must know server’s exact address and protocol.
Tightly coupled — server changes require client updates.
Simpler but less flexible for scaling or multiple servers.
Broker
Communication goes through a broker (middleware).

Clients don’t need to know server details, only the broker.

Loosely coupled — server changes don'’t affect clients.
More scalable, flexible, and supports multiple
servers/services.
In short: Client-Server = direct & tightly coupled,
while Broker = indirect & loosely coupled via a broker.

Client

!

Broker \
Server Server Server
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Broker Pattern

> The broker component is responsible for coordinating communication
between a client and server(s), such as forwarding requests, as well as for
transmitting results and exceptions.

* Leads to systems that are more flexible and interoperable.

T Broker can communicate
s with other Brokers that

Broker 1 server1 | PYOVLOlE aCCESS tO Services
Client velies on the Broker | J/ 1\ from other servers
component to access the :
services from the server Broker 2 Server 2
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Extra:

> ﬁgmgﬁmggﬁml pattern

> includes the following components:

Component Description

Client Applications that use the services provided by one or more servers.

Component that provides transparency (at client) between remote and local

ClientProxy
components so that remote components appear as local ones.
Broker Component that mediates between client and server components.
S Component that provides transparency (at server) between remote and local
erverProxy
components so that remote components appear as local ones.
Server Provide services to clients. May also act as client to the Broker.
Bridge Optional component for encapsulating interoperation among Brokers.
*Extra:
¢ Client
> Provided Interface: None
> Required Interface: Services from ClientProxy
*  ClientProxy
> Provided Interface: Local service to Client
> Required Interface: Broker
. Broker
> Provided Interface: Mediation service to ClientProxy
> Required Interface: ServerProxy
*  ServerProxy
> Provided Interface: Local service to Broker
> Required Interface: Server
«  Server
> Provided Interface: Real application services (exposed through
Broker/ServerProxy ta clients)
> Required Interface: Broker (if the server acts as a client to another service)
« Bridge
>

Provided Interface:

Interoperability between different Brokers

Broker Pattern - Component Diagram

‘ Client

E ‘

uses

N

’ ClientProxy

A
- ’

forwards requests

N

‘ Broker

mediates |optional interoperation

A
£]

£]
ServerProxy

Bridge

€] ) .
provides services

forwards requests




The client side proxy decides if the
request can be resolved locally or to
ard the

Broker Pattern

> Separates system —— transfers
: . | . message message
communication functionality Client-side Broker Serverside
. o . proxy dater it F'roxy
from the main application oo UpdateRepeeton) A
functionality by providing a sednPesuesi) fodServey o0 callServios()
. retum() findClient() sendResponse()
broker that isolates forwardRequest()
. : forwardResporse() calls
communication-related uses
calls AP - uses
concerns. -~ -
calISenfer() - ] Server
startTask() Bridge initialize()
useBrokerAPI packData() regisslteersoeer(u)ioe( )
unpackData( nunsServi
iorwardMess)age() useBrokerAPI
Detailed Broker Pattern | "ansmithMessage()
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Broker Pattern
> Quality properties of the Broker architectural pattern include the ones

specified below. \ |
Quality Description

Allows clients on different platforms to interoperate with servers of
Interoperability | different platforms. Also, allows clients to interoperate (transparently) with
multiple servers.

Allows for centralized changes in the server and quick distribution among
many clicats.

By porting the broker to different platforms, services provided by the
svstem can be easily acquired by new clients in different platforms.

Brokers abstract many system calls required for providing communication
Reusability between nodes. When using brokers, manv complex services can be reused
in other applications that require similar distributed operations.

Modifiability

Portability

Extra:

*Interoperability — Clients can work with servers across different platforms and multiple servers.
*Modifiability — Centralized server changes can be quickly distributed to many clients.

*Portability — Broker can be ported to different platforms, making services easily accessible to new clients.
*Reusability — Brokers handle system calls, enabling reuse of complex services in other applications.
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Summary

> Data-Centered Systems
— Blackboard pattern

> Data Flow Systems
— Pipes-and-Filters pattern

> Distributed Systems
— Client Server pattern

— Broker pattern

> What’s next...

— Interactive Systems
— Hierarchical Systems
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